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Breast cancer is one of the most prevalent tumors among women. Its prognosis and treatment outcomes depend

on factors related to tumor cell biology. Studies have revealed the critical role of the tumor microenvironment (TME)

in the development, progression, and treatment response of breast cancer. 
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1. Introduction

Breast cancer (BC) is a prevalent and lethal disease, affecting more women than men and exhibiting geographical

disparities . It is considered a heterogeneous disease, and its classic prognostic assessment has relied on

clinical and histopathological criteria, including lymph node involvement, tumor size, and tumor cell differentiation

.

Immunohistochemical (IHC) markers such as estrogen receptor (ER), progesterone receptor (PR), and human

epidermal growth factor receptor 2 (HER2) have refined subtype differentiation and influenced treatment decisions.

Proliferation markers like Ki67 also offer prognostic value . Advances in molecular biology have allowed

platforms like Oncotype to provide prognostic and predictive information for the selection of patients who should

undergo adjuvant chemotherapy . Furthermore, in recent years, the targeted sequencing of specific genes, such

as phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) or estrogen receptor alpha 1

(ESR1), has been introduced in clinical decision-making as their mutational profiles provide predictive information

regarding the response to certain treatments.

While genetic and epigenetic factors significantly contribute to breast carcinoma, the tumor microenvironment

(TME) plays a pivotal role in cancer development, progression, and metastasis. The TME comprises diverse cell

types (stromal, immune, endothelial, and adipocytes) that interact with cancer cells, fostering tumor growth and

functional support. . From a historical perspective, the first evidence of the decisive role of the stroma in tumor

development came from studies on tumor neovascularization, in which new blood vessels are formed in response

to pro-angiogenic signals secreted from tumor cells. Since then, numerous studies have contributed to the

characterization of the TME, further complicating the already challenging task of understanding and treating

cancer.
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2. Components of the Breast Cancer Microenvironment and
Their Value as Prognostic and Predictive Factors

2.1. The Immune System in the Breast Tumor Microenvironment

The notion that the immune system not only protects the host from tumorigenesis but also shapes tumor

immunogenicity is the basis for the cancer immunoediting hypothesis. This process encompasses three stages:

elimination, equilibrium, and escape . During the elimination stage, the immune system recognizes and

eliminates the most immunogenic cancer cells through cytotoxic mechanisms. In the equilibrium stage, the tumor is

held in check via immunosurveillance, although certain tumor cells manage to evade immune responses and

promote tumor growth. Through this escape stage, the most aggressive clones adopt different strategies to evade

immune recognition and promote the formation of an immunosuppressive TME, contributing to the development of

malignant neoplasia . The balance between immune components that provide protective antitumor immunity by

targeting immunogenic tumor variants and those that facilitate tumor progression, shaping tumor immunogenicity,

determines the magnitude of the immune response generated. This immunogenic capacity not only is critical for

disease evolution and prognosis but also holds significant predictive value, influencing clinical responses to

therapeutic regimens .

2.1.1. Tumor-Infiltrating Lymphocytes (TILs)

Tumor-infiltrating lymphocytes (TILs) are white blood cells that have migrated from the bloodstream into the tumor.

They comprise various immunophenotypic and functionally distinct subpopulations, including CD8+ cytotoxic T

cells, CD4+ helper T cells, B cells, and natural killer (NK) cells . There is evidence that the infiltrating lymphocyte

population differs throughout the course of the disease, being more abundant in early stages and at the onset of

metastatic disease compared to advanced multi-treated stages .

Different studies have evaluated the prognostic value of TILs using immune and hematoxylin and eosin (H&E)

staining, flow cytometry, and/or gene expression analysis. The data consistently demonstrate that TIL infiltration is

associated with improved clinical outcomes . Tumor infiltration via TILs correlates with longer overall survival

(OS) independently of other clinical–pathological parameters . The improved prognostic impact of TILs is closely

linked to an increase in the density of cytotoxic T lymphocytes, or CD8+ lymphocytes, mainly in ER- tumors . In

fact, the clinical utility of using TILs as prognostic biomarkers in TN is well established, and the International

Immuno-Oncology Biomarker Working Group has provided a standardized and reproducible method for assessing

TIL density in BC . Although a high percentage of TILs suggests a favorable prognosis for ER- tumors, their

impact on ER+ tumors remains unknown. Several studies have retrospectively studied the role of TIL infiltration in

the prognosis of these patients, but to date, no positive impact has been shown on OS, disease-free survival

(DFS), or breast-cancer-specific survival. In large cohorts of patients with ER+ tumors, actually, high levels of

CD8+ TILs have been associated with an unfavorable prognosis .

The clinical utility of TIL infiltration is not limited to its prognostic value. Different studies have shown that assessing

the quantity/density of TILs can be used as a predictive factor for specific therapeutic treatments, especially in ER-
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tumors. 

In summary, TILs exhibit functional and phenotypic diversity. Therefore, a panel of parameters, including TIL

counts, TIL subsets, their tumor reactivity, and functional states, should be considered to define truly “hot” tumors

that may help predict a better prognosis following cancer therapy.

2.1.2. Tumor-Associated Macrophages

Tumor-associated macrophages (TAMs) play a role in tumor biology by mediating tumor growth and progression,

as well as contributing to therapy resistance . In breast cancer, resident macrophages and the recruitment of

circulating monocytes support TAM accumulation . TAMs have historically been divided into two categories: M1

and M2. M1 refers to macrophages that undergo classical activation via interferon-γ (IFNγ) with either

lipopolysaccharide (LPS) or TNF, whereas M2 refers to macrophages that undergo alternative activation via IL-4

. M1 or M2 polarized macrophages have opposing effects on tumor progression. Evidence suggests that an

increase in M1 macrophages in the TME is associated with reduced tumor aggressiveness, while an increase in

M2 macrophages is related to tumor growth and poor cancer prognosis .

In the early 1970s, Wood and Gollahon observed the presence of macrophages in the breast TME, which

determined the risk of disease progression and therapeutic resistance . Since then, multiple clinical studies have

supported the value of enumerating TAMs for prognosis and/or predicting outcomes .

The TAM status also predicts sensitivity to chemotherapy and radiation therapy. When leukocyte complexity in

breast cancer tissue was evaluated, Ruffell, et al. found that, in patients who had not received chemotherapy,

macrophages were predominantly present in non-adjacent normal tissues but not in breast tissues .

2.2. Cancer-Associated Fibroblasts (CAFs) and the Extracellular Matrix (ECM)

Cancer-associated fibroblasts (CAFs) are one of the most abundant stromal components in the TME. Multiple

studies have demonstrated that CAFs play a prominent role in cancer pathogenesis, which has significant clinical

implications . Activated CAFs show migratory and proliferative properties, unlike their inactive counterparts.

Their most distinctive feature is the high capacity of synthesis and remodeling of the extracellular matrix (ECM)

during the desmoplastic reaction . In the desmoplastic reaction, activated fibroblasts abundantly synthesize

various types of collagens, hyaluronan, fibronectins, and laminins that constitute the ECM and basement

membrane . The deposition of these components in the tumor stroma can act as a physical barrier against

immune infiltration or as a structural scaffold for intercellular interaction, thus modulating tumorigenesis .

Similar to other cancer types, most studies have applied IHC to identify potential biomarkers derived from CAFs in

BC. These studies suggest that the nature and quantity of CAFs have direct prognostic relevance in these patients.

For instance, a higher proportion of αSMA-positive myofibroblasts has been associated with increased tumor cell

proliferation and shorter recurrence-free survival and breast-cancer-specific survival . Finak, et al. used laser

capture microdissection to isolate fibroblasts from normal breast tissue and breast cancer to establish a “CAF gene
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signature” consisting of 26 genes associated with an adverse outcome in four published datasets comprising a total

of 1021 cancerous tissues . Researchers have also focused on specific molecular subtypes of BC. Roman-

Perez, et al. defined an “active stroma signature” composed of genes involved in cell motility and fibrosis activation,

which was associated with poor prognosis in 43 ER+ samples . On the other hand, the study by Beck, et al.

suggested that an activated stroma does not always indicate a more aggressive clinical behavior. They constructed

a gene signature derived from desmoid-type fibromatosis, a type of soft tissue tumor. The signature was applied to

identify a fibrotic stromal reaction associated with a favorable prognosis in ER+ breast cancer patients .

The evaluation of CAFs in BC can also serve as a predictive factor. In this regard, Yamashita, et al. identified that

α-SMA expression in myofibroblasts is not only associated with a worse prognosis but also serves as an

independent predictor of metastasis in patients with invasive breast cancer . Interestingly, a pilot study for the

detection of circulating CAFs in the peripheral blood of patients with advanced breast cancer determined that

circulating CAFs were present in 88% of patients with metastasis compared to 33% of patients with localized

tumors .

2.3. The Tumor Vasculature

Angiogenesis is a fundamental biological process that involves the formation of new blood vessels from pre-

existing ones. It plays a crucial role in different physiological and pathological conditions, including wound healing,

embryonic development, and tumor growth. In the context of cancer, angiogenesis is a critical factor that supports

tumor progression, invasion, and metastasis. The process of angiogenesis involves several steps. First, endothelial

cells, the building blocks of blood vessels, are activated and start to migrate towards the tumor under the influence

of pro-angiogenic factors. Then, these endothelial cells proliferate and form tube-like structures, eventually

connecting to the existing vasculature to create functional blood vessels that supply nutrients and oxygen to the

tumor. However, as they grow and expand, tumors face a state of hypoxia or low oxygen levels.

Hypoxia induces the expression of hypoxia-inducible factor (HIF), which upregulates a series of oncogenes

associated with an aggressive neoplastic cell phenotype . In particular, the overexpression of HIF-1α protein has

been identified in different types of tumors, where high levels influence the growth rate and metastatic potential of

these tumors. In BC, the frequency of HIF-1α-positive cells increases with the clinical stage and is associated with

a worse prognosis .

2.4. Adipocytes

Adipocytes are the primary cellular component of adipose tissue, and they play a crucial role in maintaining the

energy balance. The dysregulation of adipocyte function leads to overweight and obesity. Various studies have

demonstrated a relationship between obesity and a worse prognosis for breast cancer. This includes a prospective

study of nearly 500,000 women, which established a progressive escalation in the risk of breast cancer mortality

with each successive increase in BMI category .
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3. The TME as a Therapeutic Target

3.1. Exploiting the Immune System for Therapeutic Benefit

3.1.1. Immune Checkpoint Inhibitors

Immune checkpoints are essential for regulating the immune response and preventing tissue damage. When

proteins on the surfaces of T cells bind to proteins in other cells, like tumor cells, these checkpoints become

activated to restrict the immune response. However, this signaling can also create an environment that allows

tumor cells to evade destruction via the immune system. For over a decade, it has been shown that blocking these

immune checkpoints with monoclonal antibodies can trigger effective anti-tumor responses in different types of

cancer. A variety of immune checkpoint inhibitor (ICI) proteins have been proposed as therapeutic targets in cancer

treatments. The most clinically developed ones include programmed cell death protein 1 (PD-1), programmed cell

death ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) . In breast cancer, the TN

subtype presents characteristics that make it more susceptible to immunotherapy, such as the increased infiltration

of T lymphocytes and elevated levels of protein expression, such as PD-L1, in tumor cells and the immune system.

In general, schedules combining PD-1/L1 inhibitors and chemotherapy have shown greater success than ICIs as a

monotherapy. For instance, the IMpassion130 trial, which included previously untreated mTNBC patients,

demonstrated that adding atezolizumab to nab-paclitaxel resulted in a clinically significant improvement in OS by 7

months in the PD-L1 positive subgroup . These results led to the FDA’s and European Commission’s

approval of atezolizumab and nab-paclitaxel for mTNBC patients with PD-L1 positivity, marking the first

immunotherapy approval in breast cancer. Subsequently, the KEYNOTE program showed that the use of

pembrolizumab, a monoclonal antibody targeting PD-1, in combination with chemotherapy, led to clinically

significant improvements in different clinical settings (KEYNOTE-355 and KEYNOTE-522 ).

3.1.2. Modulation of TAMs for Therapeutic Applications

With a better understanding of cancer immunology, different strategies are being explored to modulate TAMs for

therapeutic purposes. For instance, bisphosphonates, compounds with a high affinity for hydroxyapatite, are used

in the treatment of bone diseases such as osteoporosis and Paget’s disease and for managing bone metastases.

However, preclinical studies in murine models of breast cancer have suggested that they may also have an extra-

skeletal therapeutic effect . In this scenario, zoledronic acid, a bisphosphonate, attaches to microcalcifications

present in breast tumors. Subsequently, it is phagocytosed via TAMs, inducing apoptosis and promoting the

repolarization of M2 macrophages to M1.

3.2. Harnessing the Tumor Microenvironment Crosstalk as a Therapeutic Target

In ER+ breast cancer, estrogen provides a crucial mitogenic signal. Estradiol (E2) is synthesized in the ovaries and

extragonadal sites, with extragonadal synthesis becoming dominant after menopause. In postmenopausal women,

locally produced estrogen within fibroblasts and adipocytes represents the main source of E2. The enzyme
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aromatase plays a key role in E2 biosynthesis, making it an excellent target for microenvironment-directed therapy

. Third-generation aromatase inhibitors—anastrozole, letrozole, and exemestane—can inhibit aromatization

in the whole body by up to 98%. Aromatase inhibitors have been shown to be even more effective than tamoxifen

in preventing breast cancer recurrence in postmenopausal women . These drugs are approved based on data

from randomized clinical trials in both adjuvant  and metastatic settings , as well as in

combination with other drugs like CDK4/6 inhibitors , olaparib , or everolimus , with similar efficacy

and toxicity. Other hormonal treatments, which are not targeted at the microenvironment, act directly on the ER:

selective ER modulators (tamoxifen and raloxifene) or selective ER downregulators (new SERDs).

In addition, in response to the hypoxic microenvironment, tumor cells release pro-angiogenic factors, such as

vascular endothelial growth factor (VEGF) and fibroblast growth factor (FGF), which promote the sprouting of new

blood vessels from nearby vessels. Understanding the mechanisms of angiogenesis has led to the development of

anti-angiogenic therapies, a promising approach to cancer treatment. Bevacizumab, a monoclonal antibody

targeting VEGF, has been approved for use in several cancers, including colorectal and lung cancer . Since

many neoplasms are highly vascular and rely on a solid blood supply to maintain cellular viability, bevacizumab has

been studied in combination with various cytotoxic chemotherapy regimens. In 2008, its use was approved in

combination with paclitaxel for HER2-negative mBC . However, due to considerable controversy, this approval

was revoked in 2010 due to safety concerns, including an increase in thrombosis cases, and a lack of overall

survival improvement in a large number of patients . 

4. Conclusions

Overall, the TME holds significant prognostic and predictive value in breast cancer. Its composition and interaction

with tumor cells play a key role in tumorigenesis, progression, and treatment resistance in breast cancer. As stated

above, tumors with a high content of immune cells often exhibit a better response to immunotherapies. Moreover,

specific TME markers, such as blood vessel density or TIL infiltration, have been shown to be related to patient

survival. Therefore, TME analysis can provide valuable information for selecting more effective treatments and

identifying patients with a higher risk of recurrence.
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