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Abstract: Breast cancer (BC) is the most common neoplasm in women worldwide and one of the leading 
causes of female death. The triple-negative subtype, characterized by the absence of hormone receptor 
(HR) and human epidermal growth factor receptor 2 (HER2), tends to occur in younger patients, be 
more aggressive and less differentiated. Furthermore, this subtype is considered the most immunogenic 
and associated with higher levels of tumor cell infiltration, mainly lymphocytes. Tumor-infiltrating 
lymphocytes (TILs) play a crucial role in the interaction of the host’s immune system and cancer cells. The 
microenvironment is critical in tumor development and progression. Assessment of infiltrating lymphocytes 
can provide valuable information about the immune response and, given the lack of biomarkers to guide 
treatment decisions and predict outcomes in triple-negative tumors and can be considered as a potential 
biomarker. Some evidence suggests that higher levels of these lymphocytes are associated with better 
responses to systemic treatment, longer progression-free survival and overall survival (OS). However, 
treatment escalation or de-escalation strategies for triple-negative BC (TNBC) currently do not consider 
the presence or density of TILs for therapeutic decisions. TILs appear to be useful predictive and prognostic 
indicators. Further clinical studies are needed to confirm these relationships and integrate TILs as a 
biomarker consistently into clinical practice. This article summarizes key concepts relating to the role of the 
immune infiltrate in BC, along with the current status and future prospects regarding TILs as a predictive 
and prognostic biomarker.
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Introduction

Breast cancer (BC) is the most common malignant tumor and 
the leading cause of cancer death in women worldwide (1). 
This heterogeneous disease is caused by several genetic 
changes in breast epithelial cells, with different clinical 

manifestations and outcomes (2,3). Gene expression 
profiling studies have identified at least four categories 
of BC (4). These molecular categories correlate with 
immunohistochemical markers of hormone receptor (HR), 
estrogen receptor (ER), progesterone receptor (PgR), and 
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human epidermal growth factor receptor 2 (HER2), with 
triple-negative subtype defined as the absence of these 
receptors (5).

The triple-negative BC (TNBC) subtype accounts for 
11% to 20% of all BC cases and affects, more commonly, 
premenopausal patients, women with African ancestry, and 
carriers of a hereditary mutation in BRCA1/2 genes (6). 
Characteristically, TNBCs have a biologically aggressive 
behavior, tend to be larger, more undifferentiated, and with 
more frequent lymph node involvement at diagnosis (6). 
This profile is associated to higher recurrence and mortality 
rates (7).

The immune system plays an essential role in BC 
initiation and progression (7). The intensity of the 
tumor’s immune response has been shown to influence 
the effectiveness of cancer therapy and prognosis (8). In 
this context, immunotherapy with immune checkpoint 
inhibitors (ICIs) has emerged as a promising treatment 
strategy for TNBC. It is currently standard clinical 
practice in the neoadjuvant setting in combination with 
chemotherapy, as well as first-line treatment in select 
patients with metastatic disease (9,10). Despite these recent 
advances, we still lack biomarkers to help personalize 
the treatment of BC in general and TNBC in particular. 
Compared to other subtypes, TNBC is considered more 
immunogenic and is often associated with higher levels 
of immune cell infiltration, particularly tumor-infiltrating 
lymphocytes (TILs) (11). The presence of TILs in TNBC 
is an independent prognostic biomarker, and it can be 
potentially used as a predictive biomarker of response to 
systemic therapies, such as chemotherapy and ICIs (8).

Other several biomarkers are being studied to guide 
treatment decisions and predict patient outcomes in TNBC, 
including expression of programmed cell death ligand 1 
(PD-L1) or androgen receptors (ARs) and the presence of 
BRCA mutations (12). Available evidence suggests they may 
play different roles in early vs. late disease settings. Although 
TILs have been shown to be a reliable prognostic biomarker, 
their predictive role for escalation or de-escalation strategies 
still needs to be better established. Concentrating on early-
stage TNBC (eTNBC), this manuscript summarizes essential 
concepts about the role of the immune infiltrate in BC 
and the current status and future perspectives of TILs as a 
prognostic and predictive biomarker.

Current status of systemic therapy in TNBC

Compared to other BC subtypes, eTNBC has high 

recurrence rates and an unfavorable prognosis (13). This 
has been attributed not only to its biologically aggressive 
behavior but also to limited therapeutic options (14). 
In recent years, outcomes have been improved with the 
approval of new agents and the use of the neoadjuvant 
approach as a strategy for individualizing treatment (15).

The treatment of eTNBC is multimodal, including 
surgery, radiotherapy, and systemic therapy (16). The main 
goal has been to combine and sequence these different 
modalities according to the clinical scenario (17). In clinically 
stage Ia and Ib disease, upfront surgery may be considered 
appropriate, usually followed by adjuvant chemotherapy, 
particularly in tumors larger than 5 mm (18). Neoadjuvant 
therapy is currently the recommended approach in tumors 
greater than 1 cm and stages II and III (19). Radiotherapy 
of the breast and regional nodes follows surgery and 
systemic therapy according to the stage, nodal involvement, 
and the selected surgical procedure. The response to the 
neoadjuvant systemic therapy [pathological complete 
response (pCR) vs. non-pCR] is used to tailor further 
systemic and locoregional treatment. The objective is 
to escalate treatment in non-responders or incomplete 
responders and de-escalate therapy in those with complete 
response (20). The high chemosensitivity of TNBC confers 
pCR rates of approximately 40% with the combination of 
anthracyclines and taxanes (21-23). With the high frequency 
of homologous recombination defects (HRDs) in these 
tumors, the addition of carboplatin to neoadjuvant regimens 
was investigated in phase II and III studies with favorable 
results consistently increasing pCR rates (24).

Despite a rough start with several phase III trials failing 
to meet key survival endpoints (25-27) and withdrawn 
of initially approved agents (atezolizumab), ICIs have 
been incorporated in the treatment of TNBC. Although 
initially evaluated in the metastatic setting, early-stage 
disease represents a promising scenario for the adoption of 
these agents, since tumor burden is limited and the tumor 
microenvironment (TME) is less impacted by previous 
systemic treatments (28).

KEYNOTE-522 is a practice-changing phase III 
trial that randomized 784 patients with stage II and III 
eTNBC to receive neoadjuvant chemotherapy (NACT) 
with concomitant pembrolizumab or placebo (29). The 
chemotherapy backbone consisted of weekly paclitaxel 
p lus  carboplat in  fo l lowed by  anthracyc l ine  p lus 
cyclophosphamide every 3 weeks. After surgery, patients 
continued on adjuvant pembrolizumab or placebo for up 
to 9 cycles. The study showed a significant increase in the 
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pCR rate (63% vs. 55.6%, P=0.0005) and a prolongation of 
the event-free survival (EFS) at 3 years [84.5% vs. 76.8%; 
hazard ratio, 0.63; P=0.0003], the two co-primary endpoints, 
favoring the group treated with pembrolizumab (29).  
These results, have established the KEYNOTE-522 
regimen as the standard of care for patients with stage II 
and III eTNBC (19).

However, some caveats and difficulties remain regarding 
the potential toxicity and the selection of patients who 
benefit from the addition of programmed cell death 1 
(PD-1)-blockade (30). The unique side-effect profile of 
immunotherapeutic agents is particularly relevant for 
patients with curable disease. In KEYNOTE-522, almost 
13% of patients in the pembrolizumab arm experienced 
grade 3–5 immune-related adverse events (irAEs), vs. 
only 1% in the placebo arm (29). Recommendations for 
a standardized approach to evaluate and treat irAEs have 
been published and patients should be monitored closely for 
these events (31).

Importantly, the prognosis of patients who achieve 
a pCR is highly favorable whether or not they receive 
immunotherapy (3-year EFS: 92.5% in the control arm vs. 
94.4% in the pembrolizumab arm). Although this analysis 
was exploratory and not powered to make a definitive 
conclusion, it questions whether adjuvant pembrolizumab 
adds additional benefits post-pCR (32). The toxicity 
of adjuvant pembrolizumab was not negligible, with a 
6.3% of high-grade irAEs. The OptimICE-PCR study 
(NCT05812807), is an ongoing clinical trial, that will 
address the continuation of adjuvant pembrolizumab 
in patients with pCR. Until the results of this trial are 
available, a shared decision process should be used to 
determine whether to continue adjuvant pembrolizumab 
post-pCR in an individual patient (33).

Notably, a significant proportion of the population 
treated with the KEYNOTE-522 regimen has residual 
disease after surgery. This subgroup carries an unfavorable 
prognosis with 5-year recurrence rates ranging from 30% to 
70% depending on the residual cancer burden (RCB) (34).  
Patients with residual disease had 3-year EFS rates of 
56.8% and 67.4% in the control and experimental arms, 
respectively. In this setting, there is no room for treatment 
de-escalation and adjuvant pembrolizumab should be 
prescribed if no contraindication exists. Furthermore, 
other adjuvant therapies must be considered to improve the 
outcomes in these patients (35).

The CREATEx trial evaluated the role of capecitabine in 
patients with residual disease after surgery (36). This study 

included 910 patients with HER2-negative BC (both HR-
positive and TNBC) with non-pCR after NACT. Most 
of them (80%) received anthracycline and taxane-based 
regimens (36). Patients were randomized to receive adjuvant 
endocrine therapy (ET) with or without capecitabine for 
6 months. The trial showed positive results in the overall 
population, with significantly improved disease-free survival 
(DFS) (74.1% vs. 67.6% at 5 years) and overall survival 
(OS) (89.2% vs. 83.6%) greater in the capecitabine group 
compared to the control group, respectively (36). Subgroup 
analysis demonstrated that most of the OS benefit occurred 
in the population with TNBC (hazard ratio, 0.58; 95% CI: 
0.39–0.87) vs. the HR-positive tumors (hazard ratio, 0.84; 
95% CI: 0.57–1.23). This study was the first to confirm 
that the response to neoadjuvant therapy is discriminating 
to escalate adjuvant therapy potentially improving survival 
outcomes (36).

Despite  s ignif icant  advances  in  our molecular 
understanding of BC and particularly the heterogeneity 
of TNBC, there have been very few validated advances in 
biomarker development to optimize therapy in this context. 
We mostly continue to treat our patients with a ‘one-
size fits all’ approach. Basically, all therapeutic decisions 
in stage I, II, and III TNBC are based on traditional 
clinicopathological criteria considering tumor size and 
nodal status. Importantly, we remain unable to identify who 
are the patients that will not reach a pCR with neoadjuvant 
treatment and can only escalate therapy after surgery 
once the pathological response is known. Therefore, all 
patients are routinely treated with aggressive and intensive 
multidrug regimens. In this setting, a predictive biomarker 
could potentially allow us to de-escalate the neoadjuvant 
regimen in those patients destined to achieve a pCR and 
escalate therapy in the others before surgery.

A significant development in this area is the recognition 
that 10–15% of patients with TNBC carry germline 
mutations in BRCA1/2 (gBRCA), critical genes for 
homologous DNA recombination (37). Addressing this 
particular population of patients, the phase III OlympiA 
randomized clinical trial evaluated the role of adjuvant 
treatment with the PARP inhibitor olaparib in high-
risk HR-positive, HER2-negative, and TNBC patients 
with gBRCA (38). In this fantastic collaborative effort, 
patients were included if they had high-risk characteristics 
or residual disease after NACT and if they had high-
risk characteristics in the adjuvant setting. Patients were 
randomized to receive olaparib or placebo for 1 year. The 
study was positive for invasive DFS (hazard ratio, 0.63; 95% 
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Figure 1 Microenvironment and process of tumor initiation and progression. Reproduced from Terceiro et al. [2021] (40) with permission.

CI: 0.50–0.78) and OS (hazard ratio, 0.68; 95% CI: 0.47–
0.97; P=0.009) (38). These results establish gBRCA status as 
a useful biomarker in this setting.

A clear unmet need, there is great interest in developing 
predictive biomarkers that can help personalize therapeutic 
decisions in clinical practice. Besides tumor-related 
biomarkers, the TME role has been increasingly recognized 
as a critical player influencing tumor evolution and 
progression, with essential roles in treatment response and 
resistance development (39). Within the complexity of the 
TME, immune infiltrates, particularly TILs, have been 
extensively studied and may be considered as a promising 
biomarker.

Role of the immune system and the TME in BC

The TME is critically important in tumor development 
and progression. Cancer cells actively interact with non-
malignant cells such as immune system cells, lymphatic 
vasculature, fibroblasts, and pericytes (Figure 1) (40,41). 
Regulation of the immune response results from interaction 

with different classes of T cells such as CD8 T lymphocytes, 
CD4 T lymphocytes, and regulatory T cells (Tregs) (42).

The immune system can recognize and eliminate cancer 
cells. Still, tumors can evade the immune system and 
create an immunosuppressive environment, favoring the 
development and progression of the disease (43). During 
cancer immunoediting, the host’s immune system shapes 
tumor fate in three phases through the activation of innate 
and adaptive immune mechanisms (44). In the first phase, 
elimination, cancerous cells are destroyed by a competent 
immune system. Sporadic tumor cells that manage to 
survive immune destruction may then enter an equilibrium 
phase where editing occurs. The escape phase represents the 
third and final phase of the process, where immunologically 
sculpted tumor cells can grow progressively, become 
clinically evident, in an established an immunosuppressive 
TME (44).

In TNBC, the TME significantly influences the 
malignant behavior and growth of both tumor and 
surrounding cells. The microenvironment has the ability to 
reprogram neighboring cells, can counteract the progression 
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of cancer cells, and defining the signaling of cellular 
pathways, impact the results of therapies. Therefore, the 
characteristics of the TME define the interaction with 
the host’s immune system and can affect the response to 
therapies (45). While specific responses and innate reactions 
can be harnessed to control TNBC development impeding 
tumor cells’ initiation, progression, and metastasis, 
immunosuppressive cells can facilitate immune evasion. 
The TME in question is closely associated with the 
characteristic features of TNBC itself, resulting in immune 
system suppression, evasion of immune detection, and drug 
resistance (46). The inflammatory infiltration is constituted 
by all cells with a lymphocytic nature that infiltrate tumor 
tissues (14). Three TME categories have been defined 
in different types of tumors: immune desert, comprising 
tumors devoid of lymphocytes; excluded immune, in which 
lymphocytes are present only in the peritumoral stroma; 
and inflamed (“hot”), with high infiltration of T cells (45).

Definition of TILs and standard evaluation

By definition, TILs are mononuclear immune cells that 
leave the blood and enter the TME, comprising a mixture 
of cytotoxic and helper T (Th) cells, B cells, macrophages, 
natural killer cells, and dendritic cells (47). T lymphocytes 
account for about 75% of TILs (48), and CD8+ cells 
are abundant in the TNBC microenvironment. Several 
studies have established a correlation between TILs and 
TNBC prognosis, indicating that increased expression 
of CD8+ T lymphocytes is associated with better clinical  
outcomes (49,50).

The presence of CD3+ T cells is frequently observed 
in the TME representing the mature T cell population 
with co-differentiated antigens on their surface, serving as 
markers for total T lymphocytes within the tissue. Further 
characterization of infiltrating cell population reveals 
distinct subsets, including CD8+ T lymphocytes, CD4+ Th 
lymphocytes, and CD4+ Tregs.

The CD4+ Th lymphocytes can be categorized into Th1 
and Th2 subtypes based on their secretion of cytokines and 
participate in cellular and humoral immunity, respectively. 
CD4+ Th lymphocytes assist in CD8+ T lymphocyte-
mediated cell killing, actively contributing to the tumor 
immune response. On the other hand, Tregs, which 
constitute 10% of all CD4+ T lymphocytes in the peripheral 
blood of healthy individuals, can increase to 30–50% within 
tumor lesions, inhibit the activation of CD8+ T and CD4+ T 
lymphocytes, playing a crucial role in immune suppression 

and angiogenesis and potentially hampering the body’s anti-
tumor immune response. This significant accumulation 
of immunosuppressive Treg subsets, can include high 
infiltration of forkhead box P3 (FOXP3+) cells (46). These 
FOXP3+ Tregs can suppress immune responses against self-
antigens, hinder anti-tumor immunity, and are a prognostic 
indicator of poor outcome (51).

Within the TNBC TME, TILs should be assessed 
by analyzing immune cells’ presence, density, and 
distribution within the tumor. This can be done through 
various techniques, including histological examination, 
immunohistochemistry, flow cytometry, and gene expression 
profiling (52). The TILs Working Group is a cooperative 
group of researchers who has developed guidelines to 
standardize and allow greater reproducibility of TILs 
assessment in BC (53). In summary, the general rules for 
evaluating TILs range from pre-analytical guidelines, such 
as slide preparation and fixation (the ideal thickness of the 
slide should be 4 to 5 µm of tissue fixed in formalin and 
embedded in paraffin) to analytical issues (53). TILs should 
be evaluated within the limits of the invasive component of 
a tumor. However, only the stromal component should be 
considered and importantly, areas occupied by carcinoma 
cells should not be included in the total surface area 
evaluated. TILs in areas with crushing artifacts, regressive 
hyalinization, and necrosis and those at a previous biopsy 
site should be excluded from consideration. The percentage 
of TILs present in a given tumor should be calculated by 
dividing the area occupied by mononuclear inflammatory 
cells by the total area of the tumoral stroma. The value 
should be given as a percentage and is a continuous variable. 
If the percentage of TILs is uncertain, the case should be 
discussed with a second pathologist (53). Standardization 
of the evaluation allows for greater reproducibility and 
agreement and, therefore, facilitates the development of 
studies evaluating TILs as a potential biomarker of impact 
in clinical practice.

Prevalence of TILs in eTNBC

The molecular subtype of BC impacts the interaction with 
the immune system. TNBC is more often infiltrated by 
TILs than luminal tumors (45). Although we should value 
the recommendations from the International TILs Working 
Group, there is no consensus on the ideal cutoff point for 
determining high and low TILs (53). The German Breast 
Cancer Group conducted a study evaluating the predictive 
and prognostic value of TILs and defined three groups: 
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low (0–10%), intermediate (11–59%), and high (≥60%)  
TILs (45). Determining a specific cut-off point is an 
important and complex issue, as the impact of TILs 
expression, both on the prognosis and on the predictive 
importance of this biomarker, appears to be linear (45).

Some studies use the term lymphocytic predominantly 
BC (LPBC) to define tumors that have a TIL density 
greater than or equal to 50–60% (54-59), considered as 
having “high TILs”. Other studies have used different 
cutoff points to assess the impact of TILs. It is important 
to emphasize that although TNBC is considered the most 
immunogenic among BC subtypes, most early TNBC 
have a low or intermediate density of TILs (60). Table 1 
summarizes some recent trials assessing the prevalence 
of stromal TILs (sTILs) in eTNBC. Not all studies cited 
follow the evaluation rules defined by the TILs working 
group, which hampers comparative analyses. Despite this, 
the studies agree regarding the prevalence of sTILs in the 
studied populations.

TILs as a prognostic biomarker in eTNBC

Evidence of the impact of TILs as a prognostic biomarker 
highlights the importance of the immune response and the 
role of the TME in tumor development and control. A meta-
analysis of approximately 13,100 patients demonstrated 
an association between a high density of TILs and better 
prognosis in BC, including better DFS and OS (73). The 
systemic immune response, defined by the TILs score and 
the systemic inflammation index (determined by platelet × 
neutrophil/lymphocyte) has also been correlated with survival 
outcomes (74). It is important to highlight the dynamic 
characteristic of TILs density during the evolution of the 
disease. The cellular population in the TME is impacted by 
systemic treatment. An increase in TILs during neoadjuvant 
treatment appears to be associated with better outcomes in 
TNBC. The survival benefit of higher levels of infiltration 
was demonstrated in a meta-analysis that analyzed studies 
that performed paired analyses of TILs density before and 
after NACT (75). The NeoTRIP study also demonstrated 
an increase in TILs after 1 cycle of neoadjuvant systemic  
therapy (76). The prognostic value was assessed in both 
initial and residual diseases after neoadjuvant therapy, 
where a greater lymphocytic infiltrate also demonstrated an 
association with favorable outcomes (77). Importantly, better 
definition of the international standards for assessment of 
TILs in residual disease and in surgical specimens with pCR 
is needed to validate the potential role of dynamic changes in 

TILs after neoadjuvant therapy.
As described in Table 2, several studies have evaluated 

the prognostic role of the presence and density of TILs on 
survival outcomes of patients with eTNBC. Although some 
studies were carried out prior to the standardization of TILs 
assessment, the positive correlation between TILs and better 
prognosis has been consistent. The findings consistently 
show a linear behavior, where for each 10% increase in the 
density of sTILs, there is a reduction in the risk of the event 
(recurrence or death) in the order of 5% to 20%. Two studies 
(57,64) describe excellent survival outcomes, with 10-year 
OS rates of around 95% in patients with eTNBC and high 
TILs. Loi et al. conducted a pooled analysis of 2,148 patients 
undergoing adjuvant treatment for TNBC (83). The study 
showed that stage II high TILs patients had better prognosis 
and improved OS compared to clinical stage I with lower 
infiltration of TILs (79). This important and surprising 
result underscores the concept that biological characteristics 
should be better understood and further evaluated for risk 
classification of BC patients. They suggest that TILs can be 
superior to the anatomical staging system used dogmatically 
in breast oncology for decades.

The prognostic correlation was also evident in a cohort 
of patients who did not undergo chemotherapy treatment. 
Park et al., evaluated approximately 480 patients with early 
disease, exclusively submitted to local treatment and not 
exposed to any systemic therapy, and showed an impressive 
long-term OS in those patients with a high percentage of 
sTIL (≥30%) (80). In the same context, a Dutch cohort 
evaluated more than 400 patients aged <40 years and with 
node-negative disease, not submitted to any systemic 
treatment. Patients with high TILs (more than 75%) had 
better prognosis and a reduced risk of distant recurrence 
and death than those with low TILs (78). The 15-year 
incidence of metastases or death of was only 2.1%, and 
compared favorably to the 38% observed in the low TIL 
cohort (those with less than 30%) (64). These data raise 
the question of whether TILs could be used in clinical 
practice to guide de-escalation strategies for patients with 
early disease and “high TILs”. This provocative concept 
is summarized in Figure 2 (84), although it is important to 
emphasize that it requires further validation.

In addition to the quantitative analysis of TILs, 
evaluating the subtype of T cells in the TME is extremely 
relevant and has been addressed in several studies. As 
mentioned, different T cell subtypes can play an activating 
or suppressing role in carcinogenesis, progression and 
treatment response, depending on the cell subpopulation 
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Table 1 Prevalence of TILs in eTNBC

Author, year, reference Number of TNBC patients Cutoff to define “high TILs” Prevalence

Kimura et al., 2023, (61) 54 50% High: 27.80%

Low: 62.20%

Agarwal et al., 2023, (62) 108 60% High (≥60%): 15.7%

Intermediate (11–59%): 29.9%

Low (≤10%): 34.4%

Candelaria et al., 2022, (63) 284 20% High: 32%

Low: 68%

de Jong et al., 2022, (64) 441 75% High (≥75%): 21%

Intermediate (31–74%): 27%

Low (≤30%): 52%

Stecklein et al., 2023, (65) 110 20% High: 51%

Low: 49%

Sharma et al., 2022, (66) 117 30% High: 47%

Low: 53%

Gluz et al., 2022, (67) 336 60% High: 13%

>10%: 33.8%

≤10%: 66.2%

Loibl et al., 2019, (68) 174 60% High (≥60%): 14%

Intermediate (11–59%): 48%

Low (≤10%): 38%

Denkert et al., 2018, (55) 906 60% LPBC: 30%

Galvez et al., 2018, (69) 86 50% High: 50%

O’Loughlin et al., 2018, (70) 75 50% LPBC: 12%

Adams et al., 2014, (56) 481 50% LPBC (≥50%): 5%

Intermediate (11–49%): 75%

Low (≤10%): 20%

Pruneri et al., 2016, (71) 897 50% LPBC: 21.9%

Pruneri et al., 2016, (57) 647 50% LPBC: 18%

Tian et al., 2016, (58) 425 50% LPBC: 3.5%

Denkert et al., 2015, (72) 314 60% LPBC: 28.3%

Denkert et al., 2010, (54) 1,058 60% High: 61%

TILs, tumor-infiltrating lymphocytes; eTNBC, early-stage TNBC; TNBC, triple-negative breast cancer; LPBC, lymphocytic predominantly 
breast cancer.
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Table 2 TILs as a prognostic biomarker in eTNBC

Author, year, reference N Outcomes Results

Agarwal et al., 2023, (62) 108 DFS and OS High sTIL associated with better DFS and OS

de Jong et al., 2022, (64) 441 OS and DRFS Each 10% sTIL decrease risk of death in 19% (hazard ratio: 0.81)

De Jong et al., 2020, (78) 481 OS and DRFS Each 10% sTIL decrease risk of event in 17% (hazard ratio: 0.83)

Loi et al., 2022, (79) 2,148 IDFS, DDFS, and OS Each 10% sTIL decrease risk of event in 13–17% (IDFS, hazard ratio: 

0.87; DDFS, hazard ratio: 0.83; OS, hazard ratio: 0.84)

Gluz et al., 2022, (67) 336 IDFS, DDFS, and OS High sTIL associated with better IDFS, DDFS, and OS

Gao et al., 2020, (59) 18,170 DFS and OS High sTIL associated with increased DFS (hazard ratio: 0.907) and 

OS (hazard ratio: 0.869)

Park et al., 2019, (80) 476 IDFS, DDFS, and OS High sTIL stage I: 5-year IDFS 91%; 5-year DDFS 97%; 5-year OS 

98%

Denkert et al., 2018, (55) 906 DFS and OS Each 10% sTIL decrease risk of event in 7–8% (DFS, hazard ratio: 

0.93; OS, hazard ratio: 0.92)

Leon-Ferre et al., 2018, (81) 605 IDFS and OS Lower TIL associated with worse IDFS and OS

Pruneri et al., 2016, (71) 897 DFS, DDFS, and OS Each 10% TIL better DFS, DDFS, and OS

Pruneri et al., 2016, (57) 647 BCFI, DFS, DRFI, and OS Each 10% TILs decrease risk of event 11–17% (BCFI, hazard ratio: 

0.87; DFS, hazard ratio: 0.89; DRFI, hazard ratio: 0.84; OS, hazard 

ratio: 0.83)

Tian et al., 2016, (58) 425 DFS, DDFS, and OS Each 10% sTILs decrease risk of event 5% (recurrence or death)

Dieci et al., 2015, (82) 199 OS OS 10-year: HT 89%, LT 68%

Adams et al., 2014, (56) 481 DFS, OS, and DRFI Each 10% sTIL decrease risk of event in 14%

Dieci et al., 2014, (77) 278 MFS and OS Each 10% sTIL decrease risk of event in 21% (mets or death)

Loi et al., 2013, (83) 256 DFS and OS Each 10% sTIL decrease risk of event 15–17%

TILs, tumor-infiltrating lymphocytes; eTNBC, early-stage TNBC; TNBC, triple-negative breast cancer; DFS, disease-free survival; OS, 
overall survival; sTIL, stromal TIL; DRFS, distant relapse-free survival; IDFS, invasive DFS; DDFS, distant DFS; BCFI, breast cancer-free 
interval; DRFI, distant recurrence-free interval; HT, high TILs; LT, low TILs; MFS, metastasis-free survival.

identified (85). A TME with predominantly CD8+ 
and CD4+ T cells infiltration has been correlated with 
good prognosis in various cancer types (48,50,86). In 
contrast, a greater infiltration with Tregs (associated 
with immunosuppression) determines a worse prognosis 
and associates with more aggressive tumors, unfavorable 
clinicopathological characteristics (high tumor grade, high-
risk disease), late relapses, and worse survival (87-90).  
The correlation between infiltrating Treg and CD8+ T 
lymphocytes has been shown to have prognostic and 
predictive significance, depending on the location and 
density of each subpopulation (88). Although the prognostic 
impact is evident and consistent in several studies, so far 
there is no support in the literature for using the TILs as a 
biomarker to omit or escalate systemic treatment (49).

TILs as a predictive biomarker in eTNBC

The neoadjuvant approach is considered an optimal scenario 
to evaluate the interaction between anticancer drugs and 
tumor response (88). Studies have shown that higher levels 
of TILs within the TME are associated with a greater 
likelihood of achieving a pCR following NACT in eTNBC. 
A pCR is correlated with better long-term outcomes and 
survival rates. Studies have elicited a linear relationship 
between the level of TILs and clinical and pathological 
response rates in TNBC patients submitted to NACT, as 
summarized in Table 3. The addition of platinum use in 
the neoadjuvant regime was evaluated in the GeparSixto 
study, which included 314 patients with eTNBC. The study 
demonstrated a positive association for pCR in patients with 
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LPBC. In this study, the TNBC patients with LPBC treated 
with a platinum salt had a pCR rate of 75% and the chance 
of a pCR was 3.71-fold compared to that of non-LPBC 

population (72). Another study demonstrated numerically 
higher pCR, but no statistical difference, between platinum-
based and non-platinum-based regimens in the high TIL 
subgroup (91). These data suggest that the subpopulations 
of T cells involved in the inflammatory infiltrate in the 
TME may have an impact on the response to treatment. 
This is in line with the rationale for an immunomodulatory 
function of the immune infiltrate and with the prognostic 
impact we previously discussed. Furthermore, available 
data also suggests that higher CD8+/FOXP3+ ratios and 
high levels of CD4+ and CD8+ TILs are associated with a 
greater probability of obtaining pCR in eTNBC (88,96). 
In addition, the presence of TILs both at presentation and 
in the residual disease after exposure to systemic treatment 
is associated with a favorable outcome and seems to be 
inversely related to the activation of the cell proliferation 
RAS/MAPK pathway (88).

The impact of TILs has also been evaluated in tumors 
treated with immunotherapy in combination with NACT. A 
correlation between sTILs and pCR has been demonstrated, 
suggesting a predictive value for TILs in response to ICI. 
These data must be cautiously considered, as they often 
result from exploratory analyses (97). Studies evaluating the 
use of pembrolizumab in the context of neoadjuvant therapy 
in the KEYNOTE-173 (92), I-SPY (98), and NeoPACT (66)  

Staging

TI
Ls

, %

IO only or no systemic treatment
IO + CT de-escalation 
KN522 regimen

III

100

0

II I

Figure 2 TILs density as a neoadjuvant de-escalation. Adapted 
from Bonadio et al. [2022] (84) with permission. TILs, tumor-
infiltrating lymphocytes; IO, immunotherapy; CT, chemotherapy; 
KN522, KEYNOTE-522 trial.

Table 3 TILs as a predictive biomarker in eTNBC

Author, year, reference Number of TNBC High TILs cutoff pCR high TILs pCR low TILs

Abdullaeva et al., 2023, (91) 132 40% 63.3% 46.1%

Agarwal et al., 2023, (62) 108 60% 52.90% 21.10%

Sharma et al., 2022, (66) 117 30% 78% 45%

Gluz et al., 2022, (67) 336 60% 59.30% 29%

Bianchini et al., 2020, (76) 260 40% 71% –

Schmid et al., 2020, (92) 60 40% 74–78% –

Denkert et al., 2018, (55) 906 60% 50% 31%

Loibl et al., 2019, (68) 174 60% OR 3.09 HT × IT

Herrero-Vicent et al., 2017, (93) 164 40% 88% 9%

Tomioka et al., 2018, (94) 32 30% 30% 21%

Hida et al., 2016, (95) 48 50% 63% 17%

Denkert et al., 2015, (72) 314 60% 75% –

Denkert et al., 2010, (54) 1,058 60% 40% 7%

eTNBC, early-stage TNBC; TNBC, triple-negative breast cancer; TILs, tumor-infiltrating lymphocytes; pCR, pathological complete 
response; OR, odds ratio; HT, high TILs; IT, intermediate TILs.
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studies, explored the association of high TILs and pCR. 
An analysis of the NeoPACT study hypothesizes that 
lymphocyte-dependent response mechanisms dominate 
the therapeutic response in sTIL-high tumors. In contrast, 
in sTIL-low tumors, the response may be more related 
to the proliferation index, identified by proliferation gene 
expression signatures, with no impact from the TILs 
population (65). Studies evaluating other checkpoint 
inhibitors, such as Atezolizumab and Durvalumab, also 
demonstrate a positive association between TILs and pCR 
rates. The NeoTRIP study found a pCR rate of 74.1% in 
the population with TILs >40% before cycle 2 (76). The 
NeoMONO study evaluated biomarkers that can predict 
early response or resistance to immunotherapy in a cohort 
of 101 patients. Preliminary data showed that high TILs at 
the onset or increased TILs after 2 weeks of atezolizumab 
monotherapy are associated with an increased likelihood of 
pCR, with rates around 85% (99). The GeparNuevo study 
evaluated the combination of Durvalumab or placebo with 
chemotherapy and stratified patients by TIL density. The 
population with high TILs (>60%) had higher pCR rates in 
both groups (100).

In summary, TILs are emerging as a valuable prognostic 
and potentially predictive biomarker in eTNBC, providing 
important information about the tumor’s immune landscape 
and response to therapy. Some international consensuses, 
such as European Society for Medical Oncology (ESMO) 
and St. Gallen (101,102), endorse the prognostic relevance 
of TILs and advocate the routine inclusion of TILs count 
in the pathological report. However, we recognize that the 
current data are mostly based on retrospective exploratory 
analyses and do not meet the criteria for clinical utility, 
defined by Hayes et al., which consider the analytical 
validity of the test, the significance of related results, and 
the magnitude of impact, in addition to the level of evidence 
that determines the applicability of the test (103). Further 
validation with prospective data are lacking to support the 
use of this biomarker to optimize and individualize our 
current therapeutic strategies for these patients.

Future perspectives

Biomarker development remains a very challenging 
endeavor. We clearly recognize different populations in 
clinical practice but lack effective tools to set apart groups 
of patients that may have different biology and require 
different therapeutic strategies. Translating knowledge 
of TILs into clinical practice and their use as an effective 

and reliable biomarker faces several difficulties related to 
tumor heterogeneity, dynamic variability of TILs, data 
interpretation, different assessment techniques and the 
complexity of the TME. In addition to the proposal of the 
TILs working group, new technologies, such as automated 
methods of immunofluorescence image analysis, next-
generation sequencing (NGS) and the use of transcriptomic 
data, can also contribute to a greater understanding and 
precision in the quantification of TILs and potentially 
improve clinical applicability. Among other references, a 
transcriptomic signature was correlated with TILs assessed 
by histology in a cohort of patients with early BC. The 
declared signature was found to be a good biomarker 
associated with DFS and OS in an analysis adjusted for 
molecular and clinical variables, with better survival in 
basal and HER2 tumor types (104). The use of multiplexed 
immunofluorescent imaging and NGS that can determine 
the spatial distribution of specific immunophenotypes 
has also showed an impact on TNBC. A study evaluated 
the development and validation of a gene classifier for 
spatial immunophenotype and found positive results with 
response to checkpoint inhibitor (anti-PD1) treatment 
independently of currently used clinical markers (105). In 
the future, digital pathology, machine learning techniques, 
and better identification of TILs subpopulations will 
help to standardize pathology evaluation and expand our 
ability to validate tumor immune infiltration as a clinically 
meaningful biomarker (106).

Despite the growing amount of information on the 
subject, more clinical research and prospective translational 
studies are needed to unravel the potential role of TILs in 
guiding therapy choices. Several ongoing clinical trials are 
exploring the use of TILs and their potential impact on 
the treatment and outcomes of eTNBC. High TILs are 
being considered as an inclusion criterion for therapeutic 
personalization strategies. For example, the NeoTRACT 
study (NCT05645380) uses an early assessment combining 
radiologic response and TILs status to de-escalate 
chemotherapy (anthracycline-free protocol). This is a non-
randomized phase II study that evaluates a treatment de-
escalation strategy according to the expression of initial 
TILs (<5%, 5–29%, and ≥30%) whose primary objective is 
pCR rate in a high-sTIL cohort with radiographic complete 
response. The Dutch BELLINI (107) study demonstrates 
that a significant proportion of patients with TNBC and 
high TILs had marked immune activation after 4 weeks of 
neoadjuvant therapy with ICI, highlighting the potential for 
developing randomized clinical trials with immunotherapy 
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without chemotherapy for selected patients in this setting.
On a different perspective, the outstanding achievements 

of chimeric antigen receptor (CAR)-T cell therapy in 
hematological malignancies and the promising effects 
of adaptive cell therapies (ACTs) in solid tumors have 
prompted the search for more suitable targets or 
combination programs to expand this therapeutic approach 
to solid tumors. ACT with expansion of TILs may more 
accurately identify targets in tumor cells (108). Strategies 
in development have been focused on metastatic disease, 
where case reports with favorable outcomes have already 
been described. However, it is possible to envisage applying 
strategies involving ACT in treating earlier stages of BC. 
Other forms of immunotherapy, such as vaccines and 
antibody-drug conjugates, are also being extensively studied 
in eTNBC. TILs may also be useful as biomarkers in these 
scenarios (109).

Conclusions

Even though we have advanced in our understanding 
of the disease, the increasingly and evolving complex 
biology of cancer remains a challenge and compromises 
our ability to improve outcomes. Both progression of the 
disease and resistance development represent formidable 
hurdles. As the current tumor genetic sequencing associated 
excitement seems to be wearing off, progressively, we are 
focusing on other important aspects of the disease and 
discovering host-related tumor enabling properties that 
are potential treatment targets. The study of TILs falls 
in this scenario. The expression of TILs in early TNBC 
has shown clinical relevance in several studies that are 
consistent in showing the association of higher density of 
TILs and favorable outcomes in terms of both survival and 
response to neoadjuvant treatment. This impact supports 
the development of studies that evaluate the expression of 
TILs as stratification factors or the conduct of studies that 
can evaluate the usefulness and clinical validation of the 
biomarker. While the mere presence of TILs seems rather 
consistently to have a prognostic impact, more granular 
characterization of the type of lymphocytes seems to be 
required to better understand the biological significance of 
the infiltrate and adds value to prognostication.

Although the therapeutic impact of the immune system 
has been clearly established in many different tumors, 
better characterization of the specific immune response 
in a given tumor will certainly better inform and qualify 
our therapeutic strategy. Imbedded in the very challenging 

endeavor of biomarker development, we need more well-
conducted clinical studies to address both the prognostic 
and predictive value of TILs. The evidence we present, 
supports that the lymphocyte infiltration in early BC seems 
to have a prognostic impact that can be clinically useful to 
characterize patient populations with very different biology 
and that can be amenable to escalation or de-escalation 
strategies. Ongoing and future studies should shed light on 
the clinical practical application of the immune infiltration 
in early BC.
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