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Abstract: In recent decades, the increasing interest in the field of immunotherapy has fostered an
intense investigation of the breast cancer (BC) immune microenvironment. In this context, tumor-
infiltrating lymphocytes (TILs) have emerged as a clinically relevant and highly reproducible biomarker
capable of affecting BC prognosis and response to treatment. Indeed, the evaluation of TILs on pri-
mary tumors proved to be strongly prognostic in triple-negative (TN) BC patients treated with either
adjuvant or neoadjuvant chemotherapy, as well as in early TNBC patients not receiving any systemic
treatment, thus gaining level-1b evidence in this setting. In addition, a strong relationship between
TILs and pathologic complete response after neoadjuvant chemotherapy has been reported in all BC
subtypes and the prognostic role of higher TILs in early HER2-positive breast cancer patients has also
been demonstrated. The interest in BC immune infiltrates has been further fueled by the introduction
of the first immune checkpoint inhibitors in the treatment armamentarium of advanced TNBC in
patients with PD-L1-positive status by FDA-approved assays. However, despite these advances, a
biomarker capable of reliably and exhaustively predicting immunotherapy benefit in BC is still lacking,
highlighting the imperative need to further deepen this issue. Finally, more comprehensive evaluation
of immune infiltrates integrating both the quantity and quality of tumor-infiltrating immune cells
and incorporation of TILs in composite scores encompassing other clinically or biologically relevant
biomarkers, as well as the adoption of software-based and/or machine learning platforms for a
more comprehensive characterization of BC immune infiltrates, are emerging as promising strategies
potentially capable of optimizing patient selection and stratification in the research field. In the present
review, we summarize available evidence and recent updates on immune infiltrates in BC, focusing
on current clinical applications, potential clinical implications and major unresolved issues.

Keywords: breast cancer; immune infiltrate; immune biomarker; tumor-infiltrating lymphocytes;
PD-L1; immunotherapy

1. Introduction

Breast cancer (BC) is not considered a highly immunogenic tumor type, especially if
compared with melanoma or lung cancer. However, in recent decades, it has been con-
sistently reported that the BC tumor microenvironment (BC-TME) encompasses a wide
range of cell populations of both the innate and adaptive immune systems, which have
been reported to be biologically/clinically relevant to varying degrees [1], as summarized
in Figure 1. Immune infiltrates in BC encompass immune cells both directly in contact with
tumor cells, known as “intratumoral” (int), and within the surrounding stroma, known
as “stromal” (str). The evaluation of BC immune infiltrates relies on, among other things,
morphological evaluation of immune cells on H&E-stained tumor samples, immunohisto-
chemical staining for specific subsets of immune cells evaluated by classic semiquantitative
scoring or by digital pathology, multiplexed fluorescent immunohistochemistry with multi-
spectral imaging that simultaneously identifies and quantifies multiple immune cell subsets

Cells 2021, 10, 223. https://doi.org/10.3390/cells10020223 https://www.mdpi.com/journal/cells

https://www.mdpi.com/journal/cells
https://www.mdpi.com
https://orcid.org/0000-0002-3967-9861
https://doi.org/10.3390/cells10020223
https://doi.org/10.3390/cells10020223
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/cells10020223
https://www.mdpi.com/journal/cells
https://www.mdpi.com/2073-4409/10/2/223?type=check_update&version=1


Cells 2021, 10, 223 2 of 27

in a single formalin-fixed paraffin-embedded (FFPE) slide and provides information on the
distribution of immune infiltrates, flow cytometry on fresh tissue and computational tools
for immune cell quantification from transcriptomics data.

Figure 1. Key immune cell subsets in breast cancer tumor microenvironment. The production of IFNγ by CD4+ Th1 cells
mediates the expansion, differentiation and activation of CD8+ tumor-infiltrating lymphocytes (TILs), which subsequently
release cytotoxic cytokines and directly kill cancer cells (via recognition of specific tumor-associated antigens on the surface
of antigen presentation cells (APCs) or cancer cells); CD4+FOXP3+ TILs represent immunosuppressive mediators through
the inhibition of CD8+ T cells, CD4+ Th1 cells, APCs and natural killer cells (NKs); M1 tumor-associated macrophages
(M1-TAMs) are associated with Th1 cytotoxic immune response, thus exhibiting antitumor properties; M2-TAMs contribute
to the activation of Th2 immune response, thus showing an immunosuppressive role (e.g., suppression of T cell function);
NKs are cytotoxic members of the innate immune system (release of cytotoxic cytokines and direct killing of cancer
cells); dendritic cells (DCs) are antigen-presenting cells and are crucial players of the adaptive immune system; myeloid-
derived suppressor cells (MDSCs) represent immature myeloid cells (possibly originated from bone marrow precursors)
with an immunosuppressive function via the inhibition of T cells, B cells, NKs, M1-TAMs and DCs. The recruitment and
accumulation of immunosuppressive mediators into the tumor bed is mediated by the secretion of cytokines and chemokines
(e.g., IL6, IL1-β, TGF-1β, CCL2) by tumor cells. Red and green arrows reflect inhibitory and stimulatory relationships,
respectively. Abbreviations: IFNγ, interferon gamma; TILs, tumor-infiltrating lymphocytes, APCs, antigen presentation
cells, NKs, natural killer cells, DCs, dendritic cells, TAMs, tumor-associated macrophages; MDSCs, myeloid-derived
suppressor cells; TLS, tertiary lymphoid structure.

BC immunogenicity is highly heterogeneous, with different BC subtypes showing dif-
ferent degrees of immune infiltration. In detail, the most biologically aggressive subtypes,
namely, triple-negative BC (TNBC) and HER2-positive (HER2+) BC, are characterized by
high genomic instability and tumor mutational burden (TMB), both fueling the generation
of neoantigens, ultimately fostering the antitumor immune activity. However, an inverse
association between TMB/genomic heterogeneity and levels of immune infiltrates in TNBC
subtypes has recently been suggested, with immune-rich tumors showing lower degrees of
clonal genomic heterogeneity, lower neoantigen loads and somatic mutations and fewer
somatic copy number alterations [2]. While seemingly counterintuitive, this observation
may reflect the elimination of immunogenic clones by an effective antitumor immune
surveillance, thus resulting in lower clonal genomic heterogeneity. Conversely, higher
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clonal heterogeneity may reflect the escape phase of the immunoediting process, where the
selection of cancer clones results in reduced immunogenicity.

Both cytotoxic treatments and anti-HER2 agents are known to be capable of further
activating the immune system through immunogenic cell death and antibody-dependent cel-
lular cytotoxicity (ADCC), respectively. In addition, in HER2+ BC, oncogene addiction may
trigger the immune system, with HER2 itself acting as a tumor-associated neoantigen [3].
Hormone receptor-positive (HR+)/HER2-negative (HER2−) BC, also known as luminal-like
BC, is traditionally considered to be less immunogenic than TNBC and HER2+ BC, given the
lower genomic instability and mutational load [3–5]. However, available evidence suggests
that the immunogenicity of this BC subtype may rely on subtler mechanisms reflecting
the complex and dynamic relationship between HR+ BC cells, inflammatory mediators,
estrogen levels, endocrine treatments and menopausal status [6].

In the present review, we summarize available evidence on immune infiltrates in BC,
focusing on the most recent updates as well as current and potential clinical implications.

2. Adaptive Immunity
2.1. Tumor-Infiltrating Lymphocytes (TILs)

In recent decades, the morphological evaluation of immune infiltrates in BC has gained
tremendous interest in the light of accumulating high-quality evidence supporting TIL
clinical validity in BC.

The prevalence of TILs is heterogeneous across different BC subtypes, with TNBC
and HER2+ BC typically exhibiting greater TIL infiltration as compared to the luminal-
like BC subtype. In detail, a systematic review of 15 studies, including almost 14,000 BC
patients, showed that TNBC is the most frequently infiltrated by TILs, with a 20% prevalence
of lymphocyte-predominant BC (LPBC), followed by HER2+ BC (LPBC: 16%), with the
luminal-like BC subgroup (HR+) showing the lowest degree of TIL infiltration, as well as
the lowest prevalence of LPBC (6%) [7]. These observations have been further confirmed in
the context of a pooled analysis of six randomized clinical trials including 3771 BC patients
receiving neoadjuvant combination chemotherapy, where the authors reported significantly
higher proportions of primary tumors with high TILs (≥60%) among TNBC (30%) and
HER2+ (~20%) BC patients, as compared to the luminal-like carcinoma subgroup (13%) [8].

An additional source of heterogeneity is represented by the disease setting. Indeed, it
has been suggested that TIL infiltration tends to weaken throughout the natural history of
BC from the early to advanced stages. In particular, it has been consistently reported that
overall TIL levels are not only lower in patients with advanced disease as compared to the
early setting, but also in heavily treated advanced BC patients as compared to those treated
in the first-line setting for their metastatic disease [9–12]. Moreover, heterogeneity in TIL
levels has also been observed within different sites of BC metastases, with the lungs showing
the highest degree of TIL infiltration, while the liver and skin show the lowest [11,13,14]
(Figure 1).

The ever-growing interest towards the evaluation of TILs fostered the development of
the International Working Group on Immuno-Oncology Biomarkers, aiming at providing
a standardized methodology for TIL assessment in BC samples, in order to improve con-
sistency and reproducibility across studies, in preparation for TIL clinical implementation,
also given the endorsement of TIL quantification and reporting in TNBC and HER2+ BC by
the St Gallen Consensus Conference (TNBC), WHO (both TNBC and HERBC2+) and ESMO
2019 Guidelines [15,16]. In this context, driven by the increasing need for a reliable and
accurate quantitative assessment of TILs by pathologists, the International Working Group
on Immuno-Oncology Biomarkers conducted the so-called RING studies [17]. In detail, in
the RING studies, the inter-pathologist reproducibility of TIL measurement on untreated BC
samples was formally evaluated, providing strong evidence that TILs may be accurately and
reliably scored, especially with the support of software-guided slide viewers. Similarly, en-
couraging results have been obtained in a subsequent RING study testing the interobserver
agreement in TIL assessment on residual disease (RD) after neoadjuvant chemotherapy [18].
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Through these joint efforts, recommendations for TIL assessment on primary BC, RD
after neoadjuvant chemotherapy, ductal carcinoma in situ and metastatic sites from BC
patients are currently available (www.tilsinbreastcancer.org).

2.1.1. TIL Clinical Relevance in the Early Setting According to BC Phenotype
TNBC

The most robust body of evidence on the clinical relevance of TILs concerns early
TNBC.

The role of pre-therapeutic TILs has been extensively investigated in the adjuvant
setting. In particular, a pooled analysis of individual patient data from nine large clinical
studies (n = 2148) was performed, seeking to provide conclusive data on the prognostic
value of TILs in early TNBC patients receiving standard anthracycline-based adjuvant
chemotherapy [19]. The quantity of strTILs, assessed by standard methodology [20], was
shown to be positively and significantly associated with survival in terms of invasive disease-
free survival (iDFS), distant DFS (DDFS) and overall survival (OS), with a 14%, 17% and 17%
reduction in the risk of events, respectively, for each 10% increase in TILs. Moreover, strTILs
proved to add independent prognostic information beyond those provided by traditional
clinicopathologic features, including age, tumor size and nodal burden, thus suggesting that
the inclusion of TILs in an integrated clinicopathologic prognostic model may further refine
our ability to prognostically stratify early TNBC patients undergoing standard adjuvant
chemotherapy. When adopting 30% as the cutoff to differentiate patients with high vs. low
TILs, excellent survival rates were observed in patients with high TIL infiltration, especially
in the node-negative (N0) subpopulation. These results raised the appealing possibility
to identify early TNBC patients with excellent prognosis based on high TIL levels, who
might deserve de-escalated adjuvant systemic treatments. In this context, promising data
come from a retrospective study including 605 early TNBC patients, of which 182 did not
receive any adjuvant cytotoxic treatment [21]. The authors reported that higher TIL levels
were significantly associated with improved iDFS and OS rates in systemically untreated
early TNBC patients. Interestingly, the risk for an iDFS event appeared to be halved in
patients showing an LPBC phenotype as compared to those with lower TILs. A pooled
analysis of individual patient data from one prospective randomized clinical trial and three
single-institution retrospective series (n = 476) was conducted in order to evaluate the
intrinsic prognostic role of TILs [22]. strTILs were found to be positively, significantly and
independently associated with survival in terms of iDFS, DDFS and OS. In particular, in
the multivariate analysis, each 10% TIL increment corresponded to a 10%, 14% and 12%
risk reduction for iDFS, DDFS and OS events, respectively. Interestingly, by adopting the
previously suggested cutoff of 30% of TILs, outstanding survival rates were observed in
early TNBC patients with stage I (according to 8th edition AJCC) disease exhibiting high
TIL levels, with estimated 5-yy iDFS, DDFS and OS of 97%, 95% and 98%, respectively.
The prognostic value of TILs in the absence of adjuvant chemotherapy has been recently
demonstrated in a retrospective Dutch cohort of 481 young patients (<40 years) with T1-
3/N0 TNBC, treated with locoregional therapy only in the early setting [23]. The 15-yy
OS rates in patients with low vs. intermediate vs. high TILs (by adopting 30% and 75%
as cutoffs) were 59% vs. 76% vs. 93%, respectively, with a very low incidence of DDFS
events in the high TIL subgroup (15-yy DDFS in low vs. intermediate vs. high TILs: 39%,
95% CI 36–42% vs. 16%, 95% CI 12–19% vs. 1.9%, 95% CI 0–3.4%). Overall, these data
suggest TILs as a promising tool capable of identifying a subgroup of early TNBC patients
characterized by excellent absolute prognosis, for whom adjuvant systemic therapy might
be safely withheld. In this context, clinical trials testing de-escalated adjuvant treatment
strategies based on strTIL levels are urgently needed.

The clinical relevance of TILs has been also investigated in TNBC patients receiving
neoadjuvant chemotherapy, where an association between TILs and both response to
treatment and prognosis has been reported. In particular, in a pooled analysis of individual
patient data from six randomized clinical trials of combination neoadjuvant chemotherapy

www.tilsinbreastcancer.org
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(n = 3771) [8], strTILs were quantified in the pre-therapeutic BC samples according to
international guidelines [20]. In the TN cohort (n = 906, 25%), higher TILs were shown to
be significantly associated with increased pathologic complete response (pCR) rates when
considered both as a continuous and categorical variable. In particular, pCR rates in low
vs. intermediate vs. high TILs were 31% vs. 31% vs. 50%, respectively. In addition, a
significant and independent association between increased TIL levels and both DFS and
OS was reported.

Overall, the available evidence has allowed TILs to reach level 1b evidence for their
clinical validity as a prognostic marker in early TNBC. Indeed, the 16th St Gallen Interna-
tional Breast Cancer Consensus Conference [15], WHO (http://publications.iarc.fr) and
ESMO (2019 Clinical Practice Guidelines [16]) endorsed routine quantification and report-
ing of TILs in early TNBC samples. However, it should be noted that the use of TILs as a
tool to guide systemic treatment choices in the early setting in TNBC patients is currently
not recommended [15].

A further refinement of TIL clinical relevance comes from studies evaluating the prog-
nostic role of TILs on RD after neoadjuvant chemotherapy. Indeed, the achievement of pCR
after neoadjuvant chemotherapy represents a surrogate endpoint for long-term outcome.
However, its prognostic value should be considered suboptimal, since a proportion of
patients achieving pCR will eventually relapse and the presence of RD after neoadjuvant
chemotherapy does not necessarily translate into poor prognosis. In this context, accumulat-
ing evidence supports TILs evaluated in the RD (RD-TILs) as a promising tool potentially
capable of further stratifying TNBC patients with RD after neoadjuvant chemotherapy. In
detail, a retrospective analysis of 278 TNBC patients with RD after neoadjuvant chemother-
apy showed a significant correlation between RD-TILs and both metastasis-free survival
(MFS) and OS [24]; in particular, for each 10% strTIL increment, a reduction of 21% in the
risk of metastasis or death was observed. Similar results were observed when considering
intratumoral TILs (intTILs), with a 22% reduction in the risk of metastasis or death for each
10% intTILs increment. A significant association between RD-TILs and prognosis was also
confirmed when considering the dichotomization between high and low TILs, by adopting
60% as the cutoff. In particular, 5-yy MFS and OS rates for high TILs vs. low TILs were
81.5% and 91% vs. 46% and 55%, respectively. Interestingly, the magnitude of the RD-TIL
prognostic value was greater in patients with node-positive and/or RD ≥ 2 cm. In addition,
by comparing pre-therapeutic and post-neoadjuvant TIL levels in patients failing to achieve
pCR, in all but one cases, baseline TILs were lower than post-neoadjuvant surgical samples,
thus confirming the preclinical observations that chemotherapy may induce lymphocytes
attraction [25,26]. These findings were further confirmed in a subsequent retrospective study
including four TNBC patients cohorts (n = 475) failing to achieve pCR after neoadjuvant
chemotherapy [27]. Indeed, higher RD-TILs were significantly and positively associated
with both recurrence-free survival (RFS) and OS, with a 14% and 13% reduction in the risk of
events, respectively. In addition, multivariate analysis revealed that RD-TILs provided addi-
tional and independent prognostic information beyond that provided by residual cancer
burden (RCB) alone, which represents a composite score evaluated on RD, encompassing
the pathologic measurements of the primary tumor in terms of size and cellularity, as well as
nodal burden in terms of number of positive nodes and largest metastasis dimension. The
prognostic value of RD-TILs was particularly evident in patients showing intermediate RD
burden (RCB class II). These findings overall suggest that a more comprehensive evaluation
of RD after neoadjuvant chemotherapy, encompassing not only invasive disease burden
but also immunological aspects, may help in better refining patient prognostic stratification
among TNBC patients with RD after neoadjuvant chemotherapy, with appealing possible
implications in drug development and proper placing. In this context, the presence of RD
currently represents a well-established stratification factor for the identification of high-
risk patients who may benefit from escalated treatment strategies in the post-neoadjuvant
setting. Indeed, the strategical approach of targeting a selected group of patients at high
risk of relapse based on the presence of RD after neoadjuvant chemotherapy has recently

http://publications.iarc.fr
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been endorsed by the FDA [28] for a more rational clinical positioning of investigational
anticancer agents. For this reason, the identification of additional stratification factors to
be integrated with simple dichotomization in pCR vs. non-pCR may be crucial in this
process, with the aim of increasing our abilities to identify patients who may deserve novel
or escalated post-neoadjuvant strategies.

HER2+ BC

In recent years, the evaluation of immune infiltrates in HER2+ BC has progressively
gained momentum [29]. In this context, the prognostic value of TILs in early BC patients
receiving adjuvant treatment has been extensively investigated. In detail, the translational
analysis of the Finher trial, which randomized 232 early HER2+ BC patients to receive either
trastuzumab or no trastuzumab in combination with adjuvant chemotherapy, revealed a
positive and significant association between increasing TILs and more favorable DDFS only
in trastuzumab-treated patients, thus suggesting a possible predictive role of TILs in this
regard [30]. Instead, an opposite association between TILs and benefit from adjuvant anti-
HER2 therapies was observed in the N9831 trial, where strTILs were significantly related to
better RFS only in patients treated with chemotherapy alone, while no impact was observed
in patients receiving adjuvant trastuzumab [31]. However, the whole transcriptome analysis
from the same trial revealed that among patients receiving trastuzumab, only those with
immune gene-enriched tumors experienced increased RFS following adjuvant treatment,
while no predictive effect was observed in patients receiving chemotherapy alone [32]. In the
NRG/NSABP B-31 trial, where early HER2+ BC patients were randomized to receive either
chemotherapy alone or in combination with trastuzumab, strTIL levels were reported to be
positively associated with improved DFS in both trastuzumab-treated and trastuzumab-
untreated patients, while no association between TIL levels and trastuzumab benefit was
found [33].

In the Aphinity phase III trial, randomizing HER2+ BC patients to receive either per-
tuzumab or placebo in combination with standard adjuvant chemotherapy plus trastuzumab,
TILs were associated with iDFS when considering the two arms pooled, thus corroborating
the positive prognostic impact of TILs in patients receiving adjuvant chemotherapy plus
anti-HER2 blockade [34].

TIL levels have also been assessed on 866 early BC samples from the randomized
non-inferiority Shorther trial [35,36], where 1254 patients were randomly assigned to re-
ceive adjuvant anthracycline–taxane-based chemotherapy plus either 1 year or 9 weeks of
trastuzumab. Higher TILs were found to be significantly, positively and independently
associated with DDFS, with a 27% reduction in the risk of events for each 10% TILs incre-
ment. Moreover, an interaction between the magnitude of the TIL prognostic impact and
trastuzumab duration was found. In detail, patients with low TILs (<20%) derived a signif-
icant benefit from trastuzumab administered for 1 year vs. 9 weeks (5-yy DDFS in short
vs. long arms: 88.8% vs. 93.3%, respectively; HR 1.75, 95% CI 1.09–2.80; p = 0.021), while
patients with higher TIL levels (>20%) experienced excellent prognosis in both arms, with
numerically higher DDFS rates in patients treated with 9 weeks of trastuzumab (DDFS 97.6%
and 93.7% for the short and long arm, respectively, HR 0.23, 95% CI 0.05–1.09, p = 0.064;
p for interaction = 0.015). Intriguingly, these results suggest that TILs may have a role in
identifying early HER2+ BC patients who might safely undergo a de-escalated anti-HER2
treatment in the adjuvant setting. Notably, by integrating 17 clinicopathological and ge-
nomic variables from a subset of patients enrolled in this trial, a multivariate prognostic
tool—the so-called HER2DX model—was recently developed, encompassing, among others,
TILs, PAM-50 intrinsic subtypes and 13 individual genes. Interestingly, HER2DX was found
to be significantly associated with distant-MFS [37]. HER2DX was further validated for its
prognostic role in an independent evaluation cohort of patients with early-stage HER2+
BC enrolled in four other clinical studies (conducted in either the adjuvant or neoadjuvant
setting), thus emerging as a promising tool potentially capable of optimizing the prognostic
stratification of patients with early HER2 BC [37]. The clinical relevance of TILs in HER2+
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BC was also evaluated in the neoadjuvant setting. Interestingly, in a meta-analysis including
five randomized clinical trials testing diverse anti-HER2-based treatments in the neoadju-
vant setting, significantly increased pCR rates were observed in the high TIL subgroup (OR
2.46 (95% CI 1.36–4.43, p = 0.003), while no interaction was found between TIL levels and
response to either chemotherapy or anti-HER2 treatments [38]. In addition, in the already
mentioned pooled analysis of six randomized clinical trials by the German Breast Group -
GBG (in all but two trials, HER2+ BC patients received anti-HER2 therapy as part of the
neoadjuvant treatment), higher TILs were associated with both DFS and increased rates of
pCR after neoadjuvant chemotherapy [8].

Overall, the interpretation of results regarding the clinical relevance of TIL evaluation
in HER2+ disease may be complicated by the great heterogeneity of this BC subtype. In-
deed, it has consistently been reported that among HER2+ tumors, all intrinsic molecular
subtypes by PAM50 analysis can be detected, with non-HER2-enriched BC covering more
than a half of all HER2+ tumors [39–41]. Indeed, this may be particularly relevant in the
light of available evidence suggesting an association between TIL levels and molecular
intrinsic subtypes, with HER2-enriched tumors showing the highest levels of immune infil-
tration [42,43]. In addition, in the abovementioned Shorther trial, the observed association
between phosphatidylinositol-4,5-bisphosphate 3-kinase (PIK3CA) mutations and more
favorable prognosis was hypothesized to be linked, at least in part, to immune infiltration,
given the fact that PIK3CA-mutated tumors also harbored higher TILs as compared to
PIK3CA wild-type tumors [44], thus adding a further layer of complexity on HER2+ BC
heterogeneity.

Luminal-Like BC

As already mentioned, a large body of evidence suggests a more limited clinical
relevance of TILs in luminal-like BC. Indeed, biomarker analyses from several clinical trials
of diverse adjuvant chemotherapy combinations followed by endocrine therapy failed to
report any association between TILs and prognosis in this BC subtype [30,45–48]. Recently,
in a large retrospective case–cohort study including more than 980 early luminal-like BC
patients, the evaluation of immune infiltrates revealed a significant association between
higher TIL levels and unfavorable clinicopathologic features, including, among others,
high ki67 levels, low ER expression and a luminal-B phenotype. In addition, although
no significant association between TILs and outcome was observed in the overall cohort,
a positive prognostic impact of TILs was revealed in luminal-B-like BC patients defined
by the presence of high Ki67 levels (≥20%), while an inverse prognostic association was
observed in patients with lower Ki67. Based on these results, it can be speculated that
the inconclusive data on TIL clinical relevance in luminal-like BC may derive from the
biological heterogeneity of this BC subtype [49]. In this context, luminal-A and luminal-B
phenotypes may exhibit profound differences in terms of immunobiology, with substantial
implications in terms of TIL biological and clinical relevance.

Moreover, higher TIL levels have been associated with increased pCR rates after
neoadjuvant chemotherapy also in luminal-like BC; however, survival analysis from a
large study pooling individual patient data from several neoadjuvant trials revealed a
counterintuitive association between higher TILs and shorter OS in the luminal-like/HER2-
negative BC subgroup [8]. Indeed, although these results may have mainly been driven
and biased by the fact that the great majority of luminal-like/HER2-BC patients failed to
achieve pCR, available evidence overall highlights the imperative need to further refine
the prognostic value of immune infiltrates in this BC subtype, also taking into account the
immune biological heterogeneity within luminal-like breast tumors. Interestingly it has
been suggested that a more comprehensive evaluation of immune infiltrate composition
may help better capture the role of immune factors in luminal-like BC [6].

Given the lack of conclusive data on the prognostic role of TILs in luminal-like/HER2-
negative BC, the routine quantification of immune infiltrates is not recommended in this
BC subtype.
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2.1.2. Clinical Relevance of Different TIL Subsets
T cells

The clinical relevance of T cells and their subsets has been suggested in both unselected
BC and specific BC subtypes.

In detail, the prognostic value of different T cell subpopulations has been explored in
large adjuvant cohorts. Cytotoxic CD8+ TILs have been positively associated with longer
BC-specific survival (BCSS) in a cohort of 1334 unselected BC patients undergoing surgery
for their primary disease [50]. In addition, in the neoadjuvant setting, several authors
reported a positive significant association between pCR rates and high levels of total T cells
(CD3+) [25,51–54], as well as high infiltration of T helper (CD4+) [55] subsets and cytotoxic
(CD8+) [27,53,54,56,57] in multiple retrospective series of unselected BC patients receiving
neoadjuvant chemotherapy (anthracycline, anthracycline+taxane or taxane). In addition,
counterintuitively, total T cells have been negatively associated with DFS rates in unselected
BC patients receiving anthracycline+taxane-based neoadjuvant chemotherapy [55].

In the TN subtype, higher total counts of CD8+ and CD4+ TILs, quantified by different
methods, were significantly associated with favorable outcomes in large cohorts of early
TNBC patients mostly treated with standard adjuvant therapy [50,56,57]. A further refine-
ment of the relevance of characterizing TIL subsets in TNBC comes from a recent report,
which identified four distinct TME subtypes (ID, immune-desert; MR, margin-restricted;
SR, stroma-restricted; and FI, fully inflamed) by integrating gene expression signatures
with spatial patterns of CD8+ T cell localization in intratumoral and stromal matched
samples of treatment-naïve TNBC. In detail, both MR and ID tumors were characterized
by low CD8+ infiltration, with the first showing CD8+ accumulation at the margins; in
contrast, FI and SR tumors were characterized by abundance in CD8+ T cells, with SR
tumors showing CD8+ infiltration restricted to the stroma, and FI showing CD8+ T cell
infiltration in both stromal and epithelial compartments. Interestingly, metasignatures
defining the four TME subtypes were found to be prognostic in an independent validation
cohort of TNBC bulk samples, with patients with low CD8+ T cells infiltration (including
either MR and ID TME subtypes) showing the poorest outcome, while those with CD8+ T
cell abundance, including FI and SR TME subsets, experienced the most favorable progno-
sis [58]. In the neoadjuvant setting, high CD3+ TILs [59], as well as high CD8+ [59] and
CD4+ subsets, have been positively associated with pCR after neoadjuvant chemotherapy
(anthracycline+/−taxane) [60]. In addition, a high CD8/FOXP3 ratio has been positively
associated with pCR and prognosis in patients treated with anthracycline+taxane-based
neoadjuvant treatment. In addition, evaluation of the CD8/FOXP3 ratio on RD after neoad-
juvant chemotherapy (anthracycline+/−taxane) has been suggested as potentially capable
of identifying patients at lower risk of relapse and/or death despite the failure to achieve
pCR, thus representing a promising tool for better stratifying prognosis of TNBC patients
treated in the neoadjuvant setting and with RD at the time of surgery [61]. Interestingly,
TIL content and TIL subsets were recently evaluated in a prospective cohort of primary
and metastatic BC using multiparameter flow cytometry. T cells (CD3+) proved to be the
predominant TIL population [12]. In addition, higher CD3+ concentrations were associated
with a decreasing CD4/CD8 ratio, as well as increasing CD8+ T cells with features of
tissue-resident memory (CD8+CD103+), thus possibly reflecting a more robust antitumor
immune response. Notably, single-cell RNA sequencing revealed an association between
a CD8+ tissue-resident memory signature and improved outcome in almost 330 primary
early TNBC patients treated with standard chemotherapy, with a stronger prognostic im-
pact as compared to CD3, CD8 or CD103 single-gene expression. Based on these promising
results, it might be speculated that tissue-resident memory cells may be one of the key
mediators of antitumor immunosurveillance, and, as such, they may represent the crucial
determinant of the positive prognostic role of high TIL levels in early TNBC patients
receiving standard treatments.

Furthermore, available evidence overall suggests that in TNBC, overall strTIL count,
CD8 expression and FOXP3 expression are strongly correlated with each other. This obser-
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vation supports the notion that the quantification of general TILs may reflect a general state
of immune activation [13,62].

In a HER2+ BC subpopulation, high overall T cells (CD3+) and high cytotoxic T cells
(CD8+) were positively associated with pCR rates after anthracycline+taxane-based neoad-
juvant treatment, while a positive association between CD8+ TILs and pCR was described
in HER2+ BC patients receiving anti-HER2-based neoadjuvant treatment. Interestingly, a
high CD8/FOXP3 ratio was associated with both increased pCR and favorable prognosis in
patients receiving neoadjuvant treatment with anthracycline+taxane-based chemotherapy
and anti-HER2 agents [63,64].

Interestingly, an unsupervised clustering analysis of immune markers performed in the
context of the TBCRC006 trial (neoadjuvant lapatinib plus trastuzumab without chemother-
apy) revealed that the patient cluster characterized by high CD4+ strTILs, high CD8+
strTILs and high CD20+ intTILs was significantly, positively and independently associated
with pCR after chemotherapy-sparing anti-HER2-based neoadjuvant treatment [65]. In the
same study, similarly to TNBC, strTIL density assessed by H&E slides was reported to be
correlated with CD8+ and CD4+ T cell subtypes (both in the stromal and intratumoral com-
partments) [65], thus strengthening the hypothesis that simple morphologic evaluation of
immune infiltrates may represent an indicator of the antitumor adaptive immune response.

Luminal-like/HER2- BC studies investigating the clinical relevance of specific subsets
of TILs reported promising results [66]. In particular, cytotoxic T cells (CD8+) were nega-
tively associated with prognosis in a large adjuvant cohort including one randomized trial
and three observational studies [49]. In addition, both CD8 +TILs and a high CD8/FOXP3
ratio have been associated with pCR rates in luminal-like BC patients with a luminal-B
phenotype receiving neoadjuvant treatment with anthracycline (+/−taxane) [66,67]. Avail-
able data also suggest a role of specific TIL subsets in luminal-like BC patients receiving
hormonal therapy. In particular, the presence of CD4+FOXP3+ TILs has been consistently
associated with poor outcome in retrospective series of early luminal-like BC patients re-
ceiving endocrine treatment with selective estrogen receptor modulators (SERMs, such as
tamoxifen), especially in the absence of concurrent CD8+ TIL infiltration [48,68]. In addition,
in a large analysis including more than 500 HR+ BC patients randomized to receive adjuvant
tamoxifen vs. no adjuvant treatment, CD8+ T cells were found to be significantly associated
with decreased RFS rates in both tamoxifen-treated and untreated cohorts, regardless of
HER2 status. Interestingly, a weak correlation between the phosphorylation levels of the
phosphoinositide 3-kinases (PI3K) pathway and lymphocytic infiltration, especially for
FOXP3+ cells, was observed, thus revealing a possible link between the PI3K pathway and
immune infiltrate composition [69]. In contrast, no association between immune infiltrate
subsets and survival rates in patients receiving aromatase inhibitors has been observed.

Although available evidence regarding the role of immune infiltrate composition in
luminal-like BC may appear scattered, it may be speculated that the complex interplay
between HR+ tumor cells, estrogen levels and inflammatory mediators, as well as the pa-
tient’s menopausal status and the type of endocrine agent (SERM vs. aromatase inhibitor),
may contribute to unbalancing the immunological properties of regulatory T cells towards
a more immunosuppressive or otherwise more antitumorigenic phenotype, in the context
of the luminal-like BC-TME [13].

B Cells

Solid data on the clinical relevance of assessing B lymphocytes in BC are currently
missing. However, preliminary evidence suggests an association of B cells with improved
outcome in TN/basal-like early BC [70,71]. In addition, the presence of B lymphocytes
(CD20+) has been associated with higher pCR rates after anthracycline–taxane-based neoad-
juvant treatment [55,72], as well as after dual HER2 blockade (without chemotherapy) in
HER2+ BC patients [65].

It should be noted that several other authors failed to report any association between B
cells, T cells or their subsets with either prognosis or pCR rates after neoadjuvant treatment
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in early BC patients [61], thus precluding the possibility to draw definitive conclusion
about the biological and clinical relevance of their assessment in early BC. In addition, the
abovementioned studies adopted highly heterogeneous scoring systems and cutoffs for
defining a positive staining, none of which standardized, thus further complicating the
interpretation and generalization of available data. For these reasons, identification and
quantification of specific immune cell subsets is currently not recommended in the routine
pathology practice and should be restricted to the research setting.

2.1.3. Immune Infiltrates in the Advanced Setting

In contrast to the early setting, the immune landscape of metastatic BC is broadly
unexplored. As already mentioned, the metastatic TME appears to be colder as compared
to the early setting, as highlighted by available evidence suggesting that BC metastases, as
compared to matched primary tumors, show not only lower TIL levels [9–12,73] but also
depleted immune functions, reflected by both the downregulation of immune-activating
molecules and the upregulation of those with immunosuppressive properties, thus strength-
ening the hypothesis that metastatic BC may evade the immune surveillance by unbalancing
the TME towards an inert phenotype [73].

Indeed, in the majority of studies investigating the clinical impact of immune aspects
in advanced BC patients, immune infiltrates have been assessed mostly on primary tumor
samples, thus precluding the possibility to draw definitive conclusions. However, an inter-
esting insight comes from a recent retrospective study aiming at characterizing the immune
infiltrates of BC metastases. In detail, secondary lesions from 94 advanced BC patients
(43 TNBC and 51 HER2+BC) were evaluated in terms of morphologic TIL evaluation as
well as specific subsets of immune cells. TIL levels did not significantly differ between
TNBC and HER2+ BC samples [13]. Interestingly, lung metastases were confirmed to be
generally more infiltrated by TILs as compared to other sites. In addition, the TME of skin
lesions appeared unbalanced towards an immunosuppressive phenotype since a lower
CD8/FOXP3 ratio was observed as compared to other metastatic sites. Survival analysis
revealed a significant association between TILs and prognosis in both TNBC and HER2+
BC cohorts. However, while TNBC patients exhibiting higher TILs experienced better OS
rates, counterintuitively, an association in the opposite direction was observed in the HER2+
BC subgroup. This latter finding appears in contrast to data coming from the translational
analysis of the Cleopatra study, where more than 800 advanced HER2+ BC patients were
randomized to receive first-line therapy with taxane-based chemotherapy + trastuzumab in
combination with either pertuzumab or placebo. For each 10% increase in TIL levels, an
improvement in OS rates was observed (HR 0.89 (95% CI 0.83–0.96), p = 0.0014), while no
association between TILs and the magnitude of benefit from the addition of pertuzumab was
reported [14]. A possible explanation for such inconsistency is that in the Cleopatra study,
TILs were assessed almost entirely in primary BC samples, thus possibly failing to capture
the actual role of TILs in HER2+ BC patients with advanced disease. In contrast, a secondary
analysis of the MA.31 randomized clinical trial of paclitaxel plus either trastuzumab or
lapatinib failed to report any prognostic or predictive role of the morphologic evaluation of
TILs on H&E-stained slides. However, interestingly, when considering specific subsets of
TILs, among patients treated in the lapatinib arm, those exhibiting lower CD8+ TIL levels
experienced less favorable PFS and OS rates as compared to patients with higher CD8+
TILs [74].

Given the substantial inconsistency of these results, especially when considering
advanced HER2+ BC, no definitive conclusions can be drawn on the clinical relevance of the
evaluation of immune infiltrates in patients with advanced disease receiving chemotherapy
and/or HER2 blockade.

2.1.4. Role of Immune Infiltrates in the Era of Immunotherapy

At present, the only established predictive biomarker for immunotherapy efficacy in
metastatic BC is represented by PD-L1 expression, as emerged in the context of randomized
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phase III trials for TNBC BC. The Impassion 130 trial evaluated the addition of atezolizumab
to first-line chemotherapy with nab-paclitaxel in 902 metastatic TNBC patients, showing a
significant PFS benefit in both the ITT population and the PD-L1-positive (PD-L1+) cohort,
defined by the presence of at least 1% staining of PD-L1 (by SP142 assay) on immune cells.
In addition, although OS was not significantly improved in the ITT, an increase in OS was
observed among the PD-L1+ subgroup in the immunotherapy-containing arm (statistical
significance was not formally tested due to the hierarchical plan of the study) [75]. In the
KEYNOTE 355 trial comparing treatment of the physician’s choice (several chemotherapeu-
tic agents allowed) in combination with either placebo or pembrolizumab for the first-line
treatment of advanced TNBC, PD-L1 status was assessed by the combined positive score
(CPS), which takes into account not only PD-L1 expression on immune cells but also on
tumor cells. Results from the KEYNOTE 355 trial showed a significant PFS benefit with
the addition of immunotherapy to first-line chemotherapy in the PD-L1+ population, de-
fined by a CPS ≥ 10. Statistical significance was, however, not met when defining PD-L1+
patients by CPS ≥ 1 [76].

Based on these findings, the FDA granted accelerated approval to both atezolizumab
and pembrolizumab in combination with chemotherapy for the first-line treatment of
unresectable locally recurrent or metastatic TNBC patients whose tumors express PD-L1
(PD-L1 staining on immune cells ≥1% for the use of atezolizumab and CPS score ≥10 for
the use of pembrolizumab), as determined by an FDA-approved test. Indeed, the FDA also
approved the Ventana PD-L1 SP142 (Medical System Inc., Tucson, AZ, USA) and the PDL1
22C3 pharmDx (Dako North America, Inc., Carpinteria, CA, USA) assays as companion
diagnostics for selecting advanced TNBC patients for atezolizumab and pembrolizumab,
respectively.

The Impassion131 phase III trial, which compared first-line paclitaxel with either
placebo or atezolizumab, failed to show a significant PFS improvement in the immunother-
apy arm. Unexpectedly, PD-L1+ status (≥1% PD-L1 staining on immune cells with SP142
assay) did not influence atezolizumab benefit, with even a trend towards a detrimental
effect in the preliminary OS analysis. Although hypothetical reasons for inconsistent results
may rely on treatment-related factors such as steroid premedication or different backbone
chemotherapies, these results may also suggest PD-L1 expression as a suboptimal predic-
tive biomarker in this setting [76,77]. Thus, there is an impelling need to further deepen the
biological role as well as the clinical relevance of PD-L1 expression in patients receiving
immunotherapy in the advanced setting and to explore other predictors of immunotherapy
efficacy [78].

In the early setting, randomized clinical trials comparing chemotherapy alone vs.
the combination of chemotherapy plus immune checkpoint blockade as neoadjuvant
treatment failed to show an association of PD-L1 expression with the magnitude of benefit
from immunotherapy [79–83]. On the other hand, in this context, a relationship between
PD-L1+ status at baseline and increased pCR rates after neoadjuvant treatment with
chemotherapy or chemotherapy + immune checkpoint blockade has been consistently
reported, as summarized in Table 1, thus suggesting that the expression of PD-L1 in early
TNBC may be associated with a general state of increased treatment sensitivity rather than
a specific predictive value towards immunotherapy efficacy.

In detail, in the GeparNuevo trial, where the addition of durvalumab to anthracycline–
taxane neoadjuvant treatment for TNBC patients resulted in numerically (not statistically
significant) higher pCR rates (delta pCR = 9.2%), PD-L1+ status was not predictive of
durvalumab benefit. However, a trend towards increased pCR rates irrespective of the
treatment arm was observed in PD-L1+ patients [80].
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Table 1. Summary of available evidence on PD-L1 evaluation in clinical trials testing immunotherapy in triple-negative breast cancer (TNBC) in the neoadjuvant setting.

Trial, Design Population, PD-L1 Status
(Assay) Treatment Arms (n per arm) pcR Rates Biomarker Analysis

% (95% CI) OR (95% CI), p

GeparNuevo [80],
Phase II R

TNBC
Any PD-L1 (on both IC and

TC, by Ventana SP163)

(Window cohort) a →
Durvalumab + NabP→
Durvalumab + EC (88)

53.4 (42.5–61.4)
Window cohort: 61.0

1.45 (0.80–2.63), p = 0.224
Window cohort: 2.22 (1.06–4.64),

p = 0.035

Trend towards an association between PD-L1 and
pCR, not predictive of durvalumab benefit

(Window cohort) a → Placebo +
NabP→ Placebo + EC (86)

44.2 (33.5–55.3)
Window cohort: 41.4

Keynote-173 [83],
Phase Ib

TNBC
Any PD-L1

(CPS, by PharmDx 22C3)

Pembrolizumab +
6 CT regimens b (60) Overall: 60 (range: 49–71) NA Significant association between PD-L1 and pCR

Keynote-522 [79],
Phase III R

TNBC
Any PD-L1

(CPS, by PharmDx 22C3)

Pembrolizumab +
NabP–Carboplatin→ A/E-C +

Pembrolizumab (401)
64.8 (59.9–69.5) Estimated treatment difference:

13.6% (5.4–21.8, p > 0.001)
Significant association between PD-L1 and pCR,

not predictive of pembrolizumab benefit

Placebo + NabP–Carboplatin→
A/E-C + Placebo (201) 51.2 (44.1–58.3)

Impassion-031 [81,82],
Phase III R

TNBC
Any PD-L1

(on IC, by Ventana SP-142)

Atezolizumab + NabP→
Atezolizumab + AC (165) 58 (50–65) Rate difference: 17%, (6–27,

p = 0.0044)
Association between PD-L1 and pCR,
not predictive of atezolizumab benefit

Placebo + NabP→
Placebo + AC (168) 41 (34–49)

NeoTRIPaPDL1 [84],
phase III R

TNBC
Any PD-L1

(on IC, by Ventana SP142)

Atezolizumab +
NabP–Carboplatin (138) 43.5 (35.1–52.2) 1.11 (0.69–1.79),

p = 0.66
Significant association between PD-L1 and pCR

(secondary endpoint),
not predictive of atezolizumab benefitNabP–Carboplatin (142) 40.8 (32.7–49.4)

Abbreviations: R, randomized; pCR, pathologic complete response, OR, odds ratio; TN, triple-negative; R, randomized; IC, immune cells, TC, tumor cells; NabP, nab-paclitaxel; EC, epirubicin–cyclophosphamide;
HER2-, HER2-negative; NA, not available; p, paclitaxel; AC, doxorubicin–cyclophosphamide; CPS; combined positive score. a The window phase consisted of 2 weeks of either durvalumab or placebo single
agent; it was stopped after 117 patients were recruited. b Six different CT regimens consisting of taxane (with or without carboplatin in various schedules)–anthracyclines+cyclophosphamide.
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In the phase Ib KEYNOTE 173 trial, where pembrolizumab was associated with several
chemotherapeutic regimens, pre-treatment PD-L1+ status was significantly and positively
associated with increased pCR rates. However, the absence of a control arm precludes
the possibility to establish a predictive role of PD-L1 status in terms of pembrolizumab
benefit [83].

In the phase III Keynote 522 trial, where the addition of pembrolizumab to neoadjuvant
anthracycline–taxane–carboplatin-based chemotherapy significantly improved pCR rates,
PD-L1+ status was positively associated with increased pCR rates, with no predictive
impact in terms of pembrolizumab benefit [79].

Similarly, in the Impassion 031 phase III trial, the addition of atezolizumab to anthracyc-
line–taxane-based neoadjuvant chemotherapy resulted in a significant increase in pCR
rates irrespective of PD-L1 status [81,82].

The NeoTRIPaPDL1 phase III trial failed to show any pCR improvement with the
addition of atezolizumab to taxane–carboplatin-based neoadjuvant chemotherapy (pCR was
a secondary endpoint). In the translational analysis, PD-L1 status was found to positively
affect pCR rates in the overall cohort and in each treatment arm, with no predictive role in
terms of atezolizumab benefit [84,85].

Overall, available data highlight the current lack of a reliable and comprehensive
predictive biomarker capable of identifying patients who may likely benefit from immune
checkpoint inhibitors. In this context, different settings (metastatic vs. neoadjuvant),
different assays (% of PD-L1+ immune cells and/or tumor cells, CPS, semiquantitative
scores), different immune checkpoint inhibitors (anti-PD-L1 vs. anti-PD1) and different
chemotherapeutic partners may have played a role in the generation of such inconclusive
and inconsistent data [68].

In this context, beyond PD-L1 expression, several other biomarkers proved to be poten-
tially capable of improving our ability to select patients for immunotherapy. Focusing on
BC immune infiltrates, interestingly, accumulating evidence suggests that the morphologic
evaluation of TILs may have a role in this regard. Notably, it has been consistently reported
that PD-L1 expression is predominant on immune cells rather than tumor cells [13,86]. In
addition, as already mentioned, it has been reported that PD-L1 expression and TIL levels
are strongly correlated with each other, especially in the TNBC subtype, thus suggesting
that the simple morphological evaluation of TILs may serve as a surrogate reflecting a
general state of immune activation [13,68].

Translational analyses of several trials testing diverse immune checkpoint blockade
strategies suggested a potentially clinically relevant role of TILs in BC patients treated
with immunotherapy either in the early or advanced setting, as summarized in Table 2.
In the phase II KEYNOTE-086 study which included both heavily pre-treated advanced
TNBC patients irrespective of PD-L1 expression (cohort A) and PD-L1+ (CPS ≥ 1%) TNBC
patients not previously treated in the advanced setting (cohort B), strTILs were suggested
as a promising tool potentially capable of identifying patients who are more likely to benefit
from pembrolizumab as a monotherapy in terms of overall response rate (ORR) (combined
cohorts: OR for ORR = 1.26 (95% CI 1.03–1.55), p = 0.01). Interestingly, although responders
showed higher strTILs as compared to non-responders in both cohorts, the highest delta
was observed in the first-line setting subgroup [87].

In the phase III KEYNOTE-119 trial, where single-agent pembrolizumab failed to
improve OS as compared to chemotherapy per the physician’s choice in 622 pre-treated
patients with advanced TNBC [88], strTILs as both continuous and categorical variables
(cutoff 5%) were significantly associated with all clinical outcomes (best overall response—
BOR, ORR, disease control rate—DCR, OS and PFS) only in the immunotherapy arm, thus
suggesting a potential predictive role of TILs in predicting pembrolizumab benefit in heavily
pre-treated advanced TNBC patients [89].
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Table 2. Summary of phase II/III clinical trials investigating immunotherapy in BC with results from TIL analysis available.

Trial (Design) Setting, BC Subtype Treatment Arms TIL Variable (Cutoff a) Outcomes Results b

Keynote-086 [87] (II) e Advanced, TNBC Pembrolizumab (2 cohorts) Binary (median) ORR
DCR

Combined cohort: OR for ORR = 1.26 (1.03–1.55),
p = 0.01; OR for CDR 1.22 (1.02–1.46), p = 0.01

Impassion-130 [86] (III) Advanced, TNBC NabP–Atezo
NabP–Pbo Binary (10%) PFS

OS

Predictive for Atezo benefit only in PD-L1+:
PD-L1+/strTILs low→ PFS: HR 0.74 (0.54–1.03), p = 0.07, OS: HR 0.65 (0.41–1.02) p = 0.06.

PD-L1+/strTILs high→ PFS: HR 0.53 (0.38–0.74), p < 0.005; OS: HR 0.57 (0.35–0.92), p = 0.02.
PD-L1-/strTILs high→ PFS: HR 0.99 (0.62–1.57), p = 0.97; OS: HR 1.53 (0.76–3.08), p = 0.24

Keynote-119 (III) [89] Advanced, TNBC Pembro
CT PFC c

Continuous,
Binary (5%)

BOR
DCR
PFS
OS

Positive association with clinical outcomes only in Pembro arm (p < 0.05)
TILs <5%→ Pembro vs. CT: median OS 5.9 vs. 8.8 months, HR 1.50 (1.14–1.97)

TILs ≥5%→ Pembro vs. CT: median OS 12.5 vs. 11.3 months, HR 0.75 (0.59–0.96)

Panacea [11] (Ib-II) Advanced, HER2+ Trastuzumab–Pembro Continuous OR
DCR Positive association with ORR (p = 0.006) and DCR (p = 0.0006)

KATE-2 (II-R) [90,91] Advanced, HER2+ TDM1–Atezo
TDM1–Pbo Binary (5%) PFS

OS

Borderline positive association with OS in the atezolizumab arm
TILs < 5%→ Atezo vs. Placebo: mPFS 5.5 (3.9-9.6) vs NE (4.0–NE), HR 0.62 (0.37–1.03).

1-year OS 84.2% vs. 100%, HR 1.43 (0.51–4.01)
TILs ≥ 5%→ Atezo vs. Placebo: mPFS 8.5 (6.2–NE) vs 5.3 (4.0–9.5).

1-year OS 90.8% vs. 83.5%, HR 0.55 (0.26–1.12)

GeparNuevo [80] (II R) Neoadjuvant, TNBC
Durva d→ Durva–NabP→

Durva–EC
Pbo→ Pbo–NabP→ Pbo–EC

Continuous
Categorical (10%, and 60%) pCR

strTILs (continuous): positive association with pCR, no predictive for Durva benefit
OR 1.23 (1.04–1.6), p = 0.019 in Durva arm; OR = 1.39 (1.12–1.74), p = 0.003 in Placebo arm.
intTILs: increase between baseline and end of the window phase associated with Durva

benefit. OR 9.36 (1.26–69.65) p = 0.029

NeoTRIPaPDL1 [85] (III) Neoadjuvant, TNBC Cb–NabP–Atezo
Cb–NabP Binary (40%) pCR

Positive association with pCR, no predictive role
Atezo arm: strTILs ≥40% vs. <40%→ pCR 71.43% vs. 28.07%, p = 0.001

CT arm: strTILs ≥40% vs. <40%→ pCR 63.16% vs. 33.9%, p = 0.009
No interaction with treatment arm.

GIADA [92] (II) Neoadjuvant, Luminal-B e EC→ Nivo–ET Continuous pCR Positive association with pCR (p < 0.001)

a When applicable; b 95% confidence intervals reported in parentheses; c single agent chemotherapy per physician’s choice: capecitabine, eribulin, gemcitabine, vinorelbine; d in a proportion of patients,
durvalumab was administered as induction treatment in the window phase. e luminal-B = hormone receptor-positive/HER2-negative, Ki67 ≥ 20% and/or grade 3. Abbreviations: BC, breast cancer; TN,
triple-negative; str/int-TILs, stromal/intratumoral tumor-infiltrating lymphocytes; ORR, overall response rate; DCR, disease control rate; OR, odds ratio; CI, confidence interval; R, randomized; HR, hazard ratio;
pCR, pathologic complete response, BOR, best overall response; (m)PFS, (median) progression-free survival; OS, overall survival; DCR, disease control rate; CT, chemotherapy; NabP, nab-paclitaxel; Pbo, placebo;
Pembro, pembrolizumab; Atezo, atezolizumab; Cb, carboplatin; Durva, durvalumab; EC, epirubicin–cyclophosphamide; Nivo, nivolumab; ET, endocrine therapy.
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The biomarker analysis from the abovementioned Impassion 130 study revealed an
enrichment for PD-L1+ immune cells in BC samples showing intermediate/high levels of
TILs, by adopting 10% as the cutoff. In addition, although the predictive role of TILs (as a
categorical variable) in terms of atezolizumab benefit seemed to be restricted to the subgroup
of patients with concurrent PD-L1+ status, the largest magnitude of PFS improvement with
the addition of atezolizumab to nab-paclitaxel was observed in the subgroup of TNBC
patients exhibiting both intermediate/high TILs and PD-L1+ status [86].

In the neoadjuvant KEYNOTE-173 trial, higher levels of both baseline and on-treatment
(after one dose of single-agent pembrolizumab) TILs were associated with increased pCR
rates after neoadjuvant pembrolizumab+chemotherapy. In addition, a numerically higher
increase in TILs from baseline to on-treatment samples was correlated with higher pCR rates.
Although promising, no conclusion can be drawn on the possible predictive role of TILs in
terms of response to neoadjuvant pembrolizumab given the lack of a pembrolizumab-free
arm [83].

The immune biomarker correlative analysis of the NeoTRIPaPDL1 trial revealed an
association between high levels of TILs (TILs ≥ 40%) and increased pCR rates in both
atezolizumab and control arms. However, no interaction was found between TIL levels
and the treatment arm [85].

Biomarker analyses of the GeparNuevo phase II trial revealed that higher strTILs
were significantly and positively associated with pCR in the overall cohort but were not
specifically predictive of durvalumab benefit, while intTILs were associated with neither
pCR rates nor durvalumab benefit. However, notably, an increase in intTIL levels from
baseline to the post-window samples (durvalumab monotherapy for 2 weeks before the
start of chemotherapy) was reported to be predictive of the subsequent achievement of
pCR, specifically in the durvalumab arm (statistical significance of the interaction test not
formally met), thus suggesting that the migration of TILs from the peritumoral area into
the tumor cell nests induced by durvalumab may be a potential predictor of the subsequent
response to this immune checkpoint inhibitor [80].

The association between immune infiltrates and response to immunotherapy has also
been investigated in the HER2+ BC subtype.

In the phase I-IIb PANACEA trial, advanced HER2+ BC patients were treated with
pembrolizumab+trastuzumab. Interestingly, the biomarker analyses revealed a correlation
between PD-L1 positivity and higher TIL levels. In addition, higher TIL levels were observed
in responders as well as in patients showing disease control. Although the lack of a control
arm precludes clearly stating the predictive value of TILs in terms of pembrolizumab benefit
in HER2+ BC patients, translational results from the PANACEA study are encouraging and
deserve further investigation [11].

Similarly, in the KATE2 trial, where 202 advanced HER2+ BC patients received the
combination of either TDM1+placebo or TDM1+atezolizumab, a borderline significant
association was found between higher TILs (≥5%) and increased benefit from the addition
of immunotherapy to anti-HER2 treatment, thus strengthening the potential predictive role
of TILs in terms of immune checkpoint blockade efficacy [90,91].

Although results from trials testing immunotherapy in luminal-like BC are overall
modest, translational analyses allow capturing interesting insights into the TME of this BC
subtype.

The translational analyses from the GIADA trial which enrolled 43 luminal-B-like
early BC patients to receive, in the neoadjuvant setting, anthracycline-based induction
chemotherapy followed by the combination of nivolumab plus endocrine therapy revealed
significantly higher strTIL levels in patients achieving pCR. In addition, a chemotherapy-
induced increase in TILs (from baseline to post-anthracycline samples) was also observed.
A similar behavior was observed for activated cytotoxic T cells, while regulatory T cell
dynamic changes from baseline to post-CT samples went in the opposite direction [92].
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2.2. Tumor-Infiltrating Dendritic Cells (DCs)

DCs represent antigen-presenting cells and are crucial players of the adaptive immune
system. Interestingly, an impairment of their function, mostly in terms of defective antigen
presentation, has been observed in patients with cancer [93]. It has been suggested that
DCs (S100+) in the TME show a compartmentalization pattern, with immature DCs (CD1a-)
generally residing within the tumor and mature DCs (CD83+) typically adhering selectively
to the peritumoral area [94]. In addition, the presence of DCs was reported to well correlate
with other immune biomarkers such as general TILs and T-regulatory and T-cytotoxic
subsets, as well as tertiary lymphoid structures [95].

Despite their well-recognized biological relevance, their role in BC is largely unex-
plored.

The presence of S100+ tumor-infiltrating DCs has been correlated to unfavorable clini-
copathologic features, such as higher tumor grade, larger tumor size, nodal involvement
and HR-negative status [96,97], while an inverse association between DCs and negative
nodal status has been suggested when specifically distinguishing mature DCs (CD83+) [98].

Preliminary data also suggest a prognostic role of tumor-infiltrating DCs in BC patients.
In detail, a retrospective analysis of 130 tumor samples from unselected early BC patients
undergoing curative surgery showed a significant and independent positive relationship
between higher mature DCs and longer RFS and OS [98]. Interestingly, the mature DC
prognostic value was reported to be even larger when considering BC patients with nodal
involvement. This observation was further confirmed in a large retrospective cohort of 681
TNBC patients, where the presence of DCs on pre-therapeutic tumor samples was found to
be prognostic (in terms of RFS and OS) only in node-positive patients [96].

These data overall highlight a promising prognostic role of DCs in early BC patients. In
particular, although preliminary, available evidence suggests that the presence of DCs may
help to identify a subgroup of patients with good prognosis despite the presence of nodal
involvement at baseline. For this reason, further research in this field is highly encouraged.

3. Innate Immunity
3.1. Tumor-Associated Macrophages (TAMs)

Although TAMs represent a highly heterogeneous immune cell population, they can be
commonly dichotomized in two polarized phenotypes, M1 and M2, with the former tradi-
tionally associated with antitumor effects, and the latter typically showing protumorigenic
characteristics. Surface markers of M1-polarized TAMs are, among others, the costimulatory
molecules CD80 and CD86, while the expression on the TAM surface of CD163, CD204
and CD206 is typically associated with M2 polarization. CD68 is instead considered a
pan-macrophage marker.

In recent decades, TAMs have gained increasing attention in the light of accumulating
preclinical evidence suggesting their involvement in BC tumorigenesis, metastasis and
resistance to treatments. In detail, an association between TAMs and protumorigenic pro-
cesses has been reported, including the activation of oncogenic pathways, the induction of
epithelial-to-mesenchymal transition and the promotion of tumor-associated neovascular-
ization [99]. In addition, results from several studies on preclinical BC models suggest that
TAMs recruitment into the BC-TME as well as their polarization into an M2 phenotype could
hamper the activity of cytotoxic therapies, endocrine treatments, anti-HER2-targeted agents
and even immune checkpoint blockade. Although preclinical evidence overall highlights
that TAMs represent a biologically relevant player in the context of the BC-TME, results from
clinical studies, deepening their role in BC patients, are scattered and broadly inconsistent.

The infiltration of TAMs in the BC-TME has been generally associated with unfa-
vorable clinicopathologic features, such as higher tumor grade, vascular invasion and
greater tumor burden (larger tumor size and lymph node involvement), as well as hormone
receptor-negative, HER2+ and basal-like phenotypes [50,100,101]. Notably, the evaluation
of tumor-associated macrophage activity reflected by the expression of the CD68 gene is
shared by several clinically validated genomic assays, such as the 21-gene assay (Oncotype
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Dx®) and the 70-gene assay (Mammaprint®) [102]. However, when investigating the possi-
ble prognostic role of infiltrating TAMs—either when considered as unpolarized TAMs or
as selected subpopulations—inconclusive results have been obtained.

In detail, TAMs have been retrospectively reported to predict unfavorable survival
rates in terms of DFS, BCSS and OS in unselected BC [101,103], as well as in ER+ or TNBC
subtypes [104,105]. Similarly, non-polarized TAMs have been suggested as an independent
negative prognostic factor for worse cumulative survival in two large retrospective studies,
adopting a computational approach (CIBERSORT) for the analysis of more than 18,000
early BC samples [106,107]. However, an association in the opposite was shown in a
large retrospective analysis (n = 478) of early BC patients, where increasing levels of
TAMs (CD68+) were positively and independently associated with both DFS and BCSS.
In addition, it should be noted that several other studies failed to report any association
between unselected TAMs (CD68+) and prognosis [108,109].

As far as M2-polarized (CD163+) TAMs are concerned, results from several retrospec-
tive series support their negative prognostic role in unselected early BC patients as well
as in TNBC and HER2+ subgroups [101,109–111]. Interestingly, the negative association
between M2-TAMs and prognosis was further confirmed in a large series of almost 11,000
primary tumor samples, where the authors, by applying a CIBERSORT approach, found
an association between M2-TAMs and worse cumulative survival in ER-BC patients [107].
These results appear consistent with the notion that M2 polarization of TAMs may un-
balance the BC-TME equilibrium by establishing an immunosuppressive milieu, thus
facilitating tumor immune escape.

Nevertheless, a prognostic association in the opposite direction has also been sug-
gested in ER-BC patients, thus further highlighting the need for a more in-depth evaluation
of the TAM prognostic value [112].

TAMs’ role in early BC patients has also been deepened regarding the potential
association with systemic treatment response.

In detail, both increasing M2- and M1-polarized TAMs have been found to be posi-
tively associated with pCR rates in several series of unselected locally advanced BC patients
receiving neoadjuvant chemotherapy [106,111]. In contrast, the gene expression profiling of
more than 11,000 early BC tumor samples (CIBERSORT approach) suggested that baseline
M2-polarized TAMs were capable of predicting the subsequent failure to achieve pCR after
neoadjuvant chemotherapy. On the other hand, several other authors failed to report a
significant association between baseline TAMs and pCR. In particular, in the translational
analysis of 150 baseline tumor samples from a phase II trial of anthracycline–taxane-based
treatment (+ bevacizumab), no significant association between M2-TAMs (CD163+) and
pCR rates was reported [113].

It is currently unknown whether the inconsistency and inconclusiveness of results on
the possible prognostic and/or predictive role of TAMs reflect an actual lack of biologi-
cal/clinical relevance in BC or are rather the result of heterogeneity in TAM assessment
in terms of assays and cutoff points for classifying high TAM infiltration, as well as TME
compartments for TAM inclusion. In addition, the majority of the above-mentioned studies
adopted CD68 as a pan-macrophage marker. However, it should be noted that a wide
range of other immune cell populations, including granulocytes, fibroblasts, lymphocytes
and dendritic cells, may also express CD68 on their surface, thus further complicating the
interpretation of these results [96].

From a therapeutic point of view, several strategies adopting TAMs as a target have
been or are currently being investigated, encompassing inhibition of TAM recruitment,
promotion of TAM killing, modulation of TAM polarization and reduction in protumori-
genic products released from TAMs. However, although preliminary, available results from
pivotal trials testing anti-TAM-targeted strategies overall suggest a limited clinical activ-
ity/efficacy in BC patients. Ongoing trials currently investigating therapeutic strategies
adopting TAMs or their function as a target are summarized in Table 3.
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Table 3. Summary of strategies targeting TAMs which are currently under investigation in breast cancer preclinical and clinical studies.

Mechanism of Action Target Drug Partners Trials

TAM killing

Membrane cell receptor activation Trabectidine CT, PARP inhibitor
NCT00050427
NCT00580112
NCT03127215

CSF1-CSF1R inhibition
Emactuzumab Pexidartinib

Lacnotuzumab
Cabiralizumab

CT, immune checkpoint inhibitors

NCT02323191
NCT02760797
NCT01494688
NCT01596751
NCT01525602
NCT01042379
NCT02435680
NCT02807844
NCT03285607
NCT04331067

Inhibition of TAM recruitment CCL2-CCR2 inhibition Carlutumab CT NCT01204996

Modulation of TAM polarization
(from M2 into M1 TAM phenotype)

Macrophage Zoledronic Acid NA Approved in both early and
metastatic settings

CD40 stimulation Selicrelumab Other anti-TAM agents

NCT02225002
NCT02157831
NCT02665416
NCT02760797

CR3 stimulation 1,3–1,6 β-glucan Immunotherapy NCT02981303

Induction of cancer cell
phagocytosis by TAMs CD47-SIRPα inhibition TTI-621, ALX148

Hu5F9-G4
Immunotherapy, anti-VEGF agents,

anti-HER2 agents

NCT02890368
NCT03013218
NCT02216409
NCT02953782

Regulation of antigen
presentation by TAMs TLR7 stimulation Imiquimod

852A CT, RT NCT00899574, NCT01421017,
NCT00821964, NCT00319748

Vaccination NA SV-BR-1-GM
H2NVAC Immunotherapy NCT04418219, NCT04144023

Abbreviations: TAMs, tumor-associated macrophages; CT, chemotherapy; PARP, poly-ADP polymerase; M2pep, M2peptide; CSF1 (R), colony stimulating factor 1 (receptor); CCL2, chemokine C-C motif ligand 2;
CCR2, CCL2 receptor; mAb, monoclonal antibody; Fbln7, fibulin 7; CXCL1, C-X-C Motif Chemokine Ligand 1 Pathway; ZnPPIX, zinc protoporphyrin 9; SIRPα, signal regulatory protein alpha; TLR7, toll-like
receptor 7; GM-CSF, granulocyte-macrophage colony stimulating factor.
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3.2. Natural Killer (NK) Cells

NK cells are cytotoxic members of the innate immune system, representing a crucial
mediator of immunosurveillance and elimination in the cancer immunoediting process.
However, their role in affecting BC prognosis and/or response to treatment has been poorly
investigated. Preliminary data suggest that increased expression of NK-activating genes
was associated with better RFS in a small series of unselected early BC patients [114]. In
addition, in a small retrospective cohort of BC patients with locally advanced disease un-
dergoing neoadjuvant treatment [115], higher levels of NK cells (CD56+) on pre-therapeutic
samples were significantly associated with better pCR rates. The involvement of NKs in
the ADCC-mediated mechanism of action of anti-HER2 monoclonal antibodies is well
recognized. Interestingly, several strategies aiming at enhancing NK cell effector func-
tion (via ADCC) by anti-HER2 agents are currently under investigation and results are
awaited [116].

Although promising, available evidence is immature and further efforts should be
made in order to deepen the role of NKs in BC biology and clinical behavior.

4. Tertiary Lymphoid Structures (TLS)

TLS represent lymph node-like aggregates (with a germinal well-defined B lymphocyte-
and follicular DC-rich area surrounded by a parafollicular T lymphocyte-rich area) which
can be found in non-lymphoid organs, including cancer.

So far, data on the clinical relevance of TLS in BC remain speculative. However, in
various retrospective series of cancer patients including breast tumors, the presence of
TLS—along with general TIL assessment—has been associated with improved prognosis
and increased pCR rates after neoadjuvant therapy in unselected BC as well as in patients
with HER2+BC or TNBC subtypes receiving standard treatments. In addition, a recent
retrospective study evaluating TLS in primary BC samples and paired metastases showed
lower TLS in metastatic samples as compared to paired primary tumors, thus further
confirming that BC metastases are generally characterized by lower immune infiltration as
compared to primary BC [117].

5. Conclusions

In recent decades, the role of immune infiltrates in affecting both prognosis and re-
sponse to systemic treatments in BC patients has become increasingly evident, especially in
the early setting, as summarized in Table 4. The most exciting data concern the morphologic
evaluation of TILs, which have been demonstrated to be strongly prognostic in TNBC and
early HER2+ BC patients treated with standard systemic therapy either in the adjuvant or
neoadjuvant setting, as well as being predictive for the subsequent achievement of pCR in
patients receiving standard neoadjuvant treatment in all BC subtypes. Based on these solid
data, TILs have recently reached level 1b evidence for their clinical validity in early TNBC,
where their routine quantification and reporting as a prognostic biomarker are currently
recommended.
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Table 4. Summary of clinical validity of TILs as a prognostic marker and potential clinical utility in patients with early breast cancer.

BC Subtype Clinical Validity (Prognostic) LoE Evaluation Endorsed by Guidelines Potential Clinical Utility b (to be Demonstrated)

TNBC High TILs are associated with improved
outcome [19,21–23,31,33–36].

High TILs are associated with increased pCR rate
after neoadjuvant chemotherapy [8,39].

In TNBC, high TILs on residual disease after
neoadjuvant chemotherapy are associated with

improved outcome [24,27].

IB a

Yes: Expert Opinion at the 16th St Gallen
International Breast Cancer Conference [15]; ESMO

2019 Early Breast Cancer guidelines [16]; WHO
classification of Tumors, Breast Tumors, 5th edition;

Integration with other clinicopathological variables
to guide treatment de-escalation in low-risk
patients (i.e., no anthracyclines or even no

treatment; prognostic tool available at
www.tilsinbreastcancer.org).

Risk stratification in post-neoadjuvant setting
based on TILs and RCB to guide the decision of

further adjuvant treatment.
Stratification factor in clinical trials.

HER2+ BC
Yes: ESMO 2019 Early Breast Cancer

guidelines [16]; WHO classification of Tumors,
Breast Tumors, 5th edition.

Integration in multiparametric scores to guide
treatment escalation and de-escalation

(i.e., HER2DX).
Stratification factor in clinical trials.

HR+/HER2-BC

Not demonstrated: conflicting results from studies in
the adjuvant setting; high TILs associated with

increased pCR rate after neoadjuvant chemotherapy,
but less favorable survival [8].

- No Unknown

a Availability of reproducible results in archived tissues from independent randomized trials, conducted according to REMARK guidelines; b likelihood of improved outcomes when using TIL as a biomarker.
Abbreviations: BC, breast cancer; LoE, level of evidence; TN, triple-negative; HR+, hormone receptor-positive; TILs, tumor-infiltrating lymphocytes; pCR, pathologic complete response; RCB, residual cancer
burden.

www.tilsinbreastcancer.org
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In this context, given the growing pressure on pathologists to provide a reliable TIL
quantification, a joint standardization effort by the International Immuno-oncology Biomark-
ers Working Group, gathering pathologists and oncologists from all over the world, resulted
in the development of recommendations for TIL assessment on H&E-stained BC samples
(www.tilsinbreastcancer.org). However, with these standardization efforts, the interobserver
variability in TIL assessment still represents an issue, thus potentially undermining the
reliability of the visual quantification of TILs in the real-world clinical practice. In this
context, the incorporation of standard TIL assessment with machine learning platforms has
been suggested as a strategic approach to further refine the reliability and reproducibility of
TIL evaluation on a large scale. Indeed, this approach would improve the quantification
accuracy, as well as the understanding of more complex spatio-morphological patterns,
thus potentially allowing for providing standardized metrics in view of a rigorous valida-
tion. Moreover, given the increasing relevance of transcriptomic data in the context of BC
immune-oncology, machine learning deconvolution approaches would assist pathologists
in the characterization of immune infiltrates from molecular profiles [118].

In the metastatic setting, routine evaluation of PD-L1 expression has recently been
endorsed by the FDA in order to identify previously untreated advanced TNBC patients
suitable for a first-line treatment with chemotherapy plus the immune checkpoint inhibitor
atezolizumab or pembrolizumab, following the results of the Impassion 130 and Keynote 355
randomized phase III trials, respectively. In this context, the evaluation of PD-L1 expression
by the Ventana (SP142) and the Dako PharmDx (22C3) assays represents the only companion
diagnostic devices currently endorsed by the FDA for identifying PD-L1+ TNBC patients
suitable for atezolizumab and pembrolizumab, respectively. However, the predictive role
of PD-L1 should still be considered suboptimal. Indeed, the contradictory results on the
predictive value of PD-L1 expression observed in the Impassion 130 and Impassion 131 trials,
which adopted the same PD-L1 assay (Ventana SP142) and evaluated the same immune
checkpoint inhibitor (atezolizumab) in similar TNBC patient populations, highlight the
pressing need to develop alternative or complementary immune predictive biomarkers—
to be integrated with PD-L1 status—that are possibly easy, reliable and cost-effective to
evaluate and implement. Based on available evidence, TILs may play a crucial role in this
context. Interestingly, TILs proved to be strongly correlated with PD-L1 status. Indeed, it
has been shown that the subgroup of patients exhibiting strTIL levels >20% was almost
entirely PD-L1+ by the Ventana SP142 assay [119]. In this regard, the integrated evaluation
of TILs and PD-L1 has not been deeply explored and it could represent a strategical tool
potentially capable of refining our ability to select patients for immunotherapy and/or to
prioritize samples for PD-L1 evaluation. Besides TILs and PD-L1 expression, several other
components of BC immune infiltrates have been investigated as potential clinically relevant
biomarkers, including the evaluation of specific TIL subsets, TLS and other key players of
both the innate and adaptive immune responses, such as NKs, TAMs and DCs. Although
promising, none of them are currently ready for prime time. In this context, further effort is
necessarily needed in order to provide solid data supporting their analytical validity and,
ultimately, their possible clinical validity and utility.
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