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Abstract: Triple negative breast cancer (TNBC) is a subtype of breast cancer which does not express or expresses a minimum amount
of estrogen receptors (ER), progesterone receptors (PR) and human epidermal growth factor receptor 2 (HER2) protein.
TNBCs include a heterogenic group of cancers that are aggressive, grow rapidly and are associated with poor prognosis and overall
survival, mainly attributed to a lack of effective therapeutic targets. For a long time, a major issue with predicting the outcome and
prognosis of TNBCs was the lack of an accurate biomarker, a molecule that helps us objectively assess a patient’s health status. In
recent times, defining the presence of tumor-infiltrating lymphocytes (TIL) is becoming an indispensable method of determining
a patient’s prognosis. TILs are found in tumor tissue and the surrounding stroma and carry a prognostic value. Furthermore, they are
known to improve the effect of systemic therapy. With the rise of immunotherapy, the role of TIL in this newer therapeutic option is
a topic of increased importance. The goal behind this research article is a comprehensive review of the current literature on the
importance of tumor-infiltrating lymphocytes in the prognosis of TNBC.
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Introduction
Triple-negative breast cancer (TNBC) is a subtype of breast cancer that does not express or expresses a minimum amount of
estrogen receptors (ER), progesterone receptors (PR) and human epidermal growth factor receptor 2 (HER2) protein.' It’s
a highly aggressive form of breast cancer, punctuated by the fact that the lack of ER, PR and HER2 renders specific endocrine
therapies and target therapies obsolete. As such, chemotherapy remains the standard of care (SOC) for TNBC in regards to
systemic therapy.>* Because of its properties, TNBC patients experience worse overall survival (OS) and progression-free
survival (PFS) than those with non-TNBC.* The 5-year survival rate of TNBC is significantly lower than that of hormone
receptor-positive disease.’ In the last decade, however, a great deal of research has been done in order to improve TNBC
prognosis and newer treatment options are starting to be used in clinical practice, especially immunotherapy.®

It has been found that the immune system plays a major part in cancer progression. Transcription factors, cytokines,
chemokines, and infiltrating lymphocytes heavily influence tumor growth and progression.® Analyzing the immune
response inside the tumor tissue can help us in predicting disease outcome and plan treatment. In recent years the focus
has been on research into tumor-infiltrating lymphocytes (TIL), which have the greatest influence on the management of
breast cancer in terms of every cell in the immune system.”'® They function as a prognostic biomarker, as well as
influence the function of chemotherapy and immunotherapy, making them highly important in the treatment of TNBC.?
As such, the aim of this study is to summarize current knowledge of TIL, their properties, their function in tumor tissue,
their prevalence in breast cancer patients, and their role in the treatment and prognosis of TNBC. We will be highlighting
our current understanding of TIL, as well as the gaps in our knowledge that require further research.
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Discussion

Triple-Negative Breast Cancer

TNBC is currently defined as a group of tumors where less than 1% of the cells express ER and PR.> HER2 protein is defined
with the help of immunohistochemistry, where a score of 0/1+ counts as an HER2 negative tumor.'' Furthermore, if TNBCs
show signs of epidermal growth factor receptor or cytokeratin 5/6 expression we can count them as part of the bigger group of
“basal-like” breast cancers. TNBC represents a molecularly diverse type of breast cancer that is classified according to the
revised Lehmann classification. This classification divides TNBC according to grade, local and distant disease progression,
age at time of diagnosis and histopathological properties.'*'* The basal-like 1 subtype is characterized by DNA damage
response gene expression and an elevated cell cycle, leading to a highly proliferative index. The basal-like 2 subtype has
significant expression of growth factors and myoepithelial markers. Both basal types are common in invasive ductal
carcinoma. The mesenchymal stem-like subtype expresses genes involved in epithelial mesenchymal transition, as well as
genes for cell motility. It also interacts with the extracellular matrix. This molecular subtype is commonly found in medullary
and metaplastic carcinoma. The last subtype is the luminal androgen receptor subtype, expressing the luminal gene and
characterized by the androgen receptor. It is associated with the apocrine carcinoma. This classification is important not only
because it can predict some histopathological properties of TNBC but also because it can predict how a tumor responds to
therapy, especially chemotherapy.'® The main characteristics of the four molecular subtypes are shown in Table 1.

TNBC represented more than 10% of all breast cancers diagnosed.'"'* It regularly affects younger women and is
often linked with the BRCA1, BRCA2 and PALB2 gene mutations.>'""'* TNBC predominantly affects women of African
American descent and the probability of death for women of this ethnicity is almost two times higher compared to other
races. Along with race, other risk factors include younger age and multiple pregnancies.'” The incidence of breast cancer
is higher in developed countries."® TNBC is linked to a higher grade, higher mitotic index and an advanced stage at
diagnosis compared to other subtypes. A quick recurrence is therefore common and that leads to a poor prognosis of the
disease."' Liver, lungs and the central nervous system (CNS) are some of the organs where metastasis is most commonly
observed.'® Tt is often linked with a high tumor mutation burden (TMB).'” Compared to non-TNBC breast cancer
patients, TNBC patients experience worse overall survival (OS) and progression-free survival (PFS) rates.* The TNBC
5-year survival rate is significantly lower than that of the hormone receptor-positive disease.’

TNBC has limited treatment options, because the lack of ER, PR and HER2 renders specific endocrine therapies and
target therapies obsolete. As such, chemotherapy remains the standard of care (SOC) for TNBC in regards to systemic
treatment.>> Prevalent chemotherapies include alkylating agents (eg, cyclophosamide), anthracycline (eg, doxorubicin),
anti-microtubule agents (eg, taxane) and anti-metabolite fluorouracils (eg, 5-FU).> Early TNBC is many times treated
with neoadjuvant chemotherapy followed by surgery, which includes mastectomy or breast-conserving surgery (BCS).>!!
BCS is followed by radiotherapy and is mostly used for smaller tumors. This regimen is used in the treatment of other
invasive subtypes of breast cancer as well. Mastectomy is the option of choice in more advanced tumors. In advanced
TNBC, treated without surgery, the following chemotherapies are used: anti-metabolites capecitabine and gemcitabine,

Table | Molecular Classification of TNBC

Lehmann 2016 (Revised) Characteristics Histology
Basal-like | High proliferation index (Ki67) Invasive ductal carcinoma
Basal-like 2 Expression of EGFR and myoepithelial genes Invasive ductal carcinoma
Mesenchymal stem-like Epithelium/mesenchymal transition Medullary carcinoma
Expression of genes for cell motility and interaction with extracellular matrixes Metaplastic Ccarcinoma
PIK3CA mutation
Luminal androgen receptor High levels of androgen receptor expression Apocrine carcinoma

Note: Adapted from these studies.'?'?

Abbreviations: Ki67, marker for the proliferation index; EGFR, epidermal growth factor; PIK3CA, gene that provides instructions for making the pl110 alpha (pl10a)
protein.
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non-taxane microtubule inhibitor eribulin, and DNA cross-linker platinums.'' Neoadjuvant chemotherapy, in particular,
has proven itself to be highly effective in improving disease prognosis, shown by the higher pathological remission rate
in TNBC than in hormone receptor-positive disease.” Relapsed/refractory TNBC, however, sees limited benefit from
chemotherapy. There is no SOC, responses to treatment are often short in duration and disease relapse and metastases are
common. The limited treatment options of TNBC lead to a poor prognosis.”

In the last decade, newer treatment options are starting to be used in clinical practice. Especially prevalent is immunother-
apy, which is a type of biological treatment which binds to specific molecular targets to help reduce tumor mass and prevent
further growth of the disease, mostly through restoring and strengthening the anti-tumor immune responses that defeat tumor
cells.® Although most of the literature we have read sees these new treatment options as a revolution in the treatment of TNBC,
the current use of these agents is mostly limited to programmed cell death protein 1 positive (PD-1+) TNBC. PD-1 and its
ligands programmed cell death ligand 1 (PD-L1) and programmed cell death ligand 2 (PD-L2) form a pathway/immune
checkpoint that regulates inflammation and leads to inhibition of T cell activation, proliferation, function, and survival within
cancer cells. PD-1 is expressed in most cells of the immune system (including lymphocytes, macrophages, natural killer cells
and dendritic cells). Most importantly, however, it is highly expressed in cancer-specific T cells. It reduces the regulation of
ineffective and harmful immune responses, maintains immune tolerance and is known to interfere with protective immune
responses.'®'? Overexpression of PD-1/PD-L1 tumor cells can lead to silencing of the immune system and can evade anti-
tumor immune responses.”’ PD-L1 expression is defined by the “Combined Positive Score” (CPS) (PD-L1 IHC 22C3 pharm
Dx assay), where a score of >1 usually represents tumors with high PD-L1 expression.?! It has been found that the PD-1/PD-
L1 pathway is highly expressed in TNBC, which is why immunotherapies targeting this specific pathway have been explored,
leading to the use of immune-checkpoint inhibitors (ICIs). Following the results of the Impassion 130 trial (NCT02425891) in
2019, the combination approach with atezolizumab and nab-paclitaxel predicted a better prognosis in metastatic patients and
was approved by the US Food and Drug administration (FDA) as a first-line treatment in patients with unresectable, locally
advanced or metastatic PD-L1-positive TNBC and remains the SOC for these patients. This survival benefit is only seen in
PD-L1 positive TNBC patients.>** Another ICI, pembrolizumab, was approved in July 2021 following the results of the
KEYNOTE-522 study. The trial showed higher pathological complete remission (pCR) rates in stage II or IIl TNBC patients
receiving pembrolizumab along with chemotherapy than in those receiving chemotherapy alone. The percentage of patients
without disease progression after 18 months and 36-month event-free survival (EFS) was also higher in the pembrolizumab
group.”? In this regimen, immunotherapy is used in combination with chemotherapy as neoadjuvant treatment and continued
after surgery as a monotherapy.”> When pembrolizumab was used as a monotherapy in second- or third-line treatment,
however, it did not demonstrate superior OS compared to chemotherapy.* Lastly, olaparib and talazoparib were approved by
the FDA in 2018 to treat patients with advanced stage HER2-negative breast cancer and a positive BRCA1 or BRCA2
mutation. Along with olaparib and talazoparib, the diagnostic test to identify germline BRCA-mutated (gBRCAm) breast
cancers was also approved. Both immunotherapies showed an increased median PFS in comparison to a physician’s choice of
standard therapy and an improved side-effect profile in patient-reported outcomes.”

De-Escalation Therapy

With the recent therapeutic advancements in TNBC whereby newer and more aggressive chemotherapies, immunothera-
pies and targeted therapies are becoming available, it is important to consider the value of each for the patient. Modern
treatment options have helped us to improve the life expectancy of patients with TNBC, but have also increased the
chance of side effects. As we enter the era of a more personalized approach to cancer treatment, it has become clear that
not all patients profit from or want such aggressive treatment. In the past, we have already de-escalated many radical
surgical procedures and could do so for systemic treatment in the future, mainly focusing on using less toxic treatments.
Currently, almost every patient receives neoadjuvant or adjuvant chemotherapy as it decreases the chance of recurrence
and improves OS. This regimen was proven to be beneficial for patients with aggressive cancer and a high chance of
recurrence. Patients with low recurrence rates, however, often see few benefits and experience more toxicities and side
effects from this aggressive style of treatment. Therefore, modern medicine strives for a more personalized approach
which considers comorbidities, patients’ age and fitness level and focuses more on patients’ quality of life. To identify
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patients who would benefit from de-escalation treatment, a reliable biomarker is needed.”” Among the possible
candidates, we believe TIL could be what we are searching for, which we will be discussing later in this article.

Tumor-Infiltrating Lymphocytes

The immune system plays a major role in cancer progression and prognosis. In the tumor micro-environment (TME) of TNBC
the most prominent cells of the immune system are lymphocytes. T lymphocytes comprise around 60% (20% cytotoxic CD8+
T cells and 40% helper CD4+ T cells, CTL and Th cells) of the immune cells of the TME, followed by B cells (20%), natural
killer (NK) cells (5%) and macrophages (5%), while the remaining cells are dendritic cells (<1%) (Figure 1).%° Out of all the
TME cells, the greatest effect on disease progression and prognosis has been shown with T lymphocytes, amongst all other
cells of the immune system.’ T lymphocytes are divided into specific subsets, with different functions in our immune system.
We classify the T-cells based on their T cell receptor (TCR sub-unit) and core lineage markers, CD8 and CD4. The off TCR
complex, in particular, allows the T cells to recognize the major histocompatibility complex (MHC) of target cells. Their main
function is terminating infected cells and cancerous cells. CD4+ T lymphocytes encourage antigen presentation, while the
cytotoxic CD8+ T lymphocytes directly attack tumor cells as part of the cell-mediated immune response.”® Their targets are,
predominantly, cells that express the MHC type 1 on their surface.” Through the secretion of IFN-y they inhibit the cell cycle
and induce cell death. Furthermore, they contribute to macrophage activation.”” > CD4 T cells can be further divided into
CD4 helper cells, which assist CDS8 T cells and regulatory CD4 T lymphocytes (T-regs), which regulate tissue inflammation.
The function of T-regs is to suppress pathogenic immune responses and to maintain immune homeostasis. With this, they also
prevent the development of autoimmunity. They are defined by fork head box P3 (FOXP3) protein expression.”® The TIL
infiltrate in TNBC is mostly made up of CD8 T cell infiltrates, leading to their positive prognostic role.*!

Assessing TIL
Defining the TIL infiltrate has become an important part of the management of TNBC, due to their role as a strong prognostic
biomarker.?! According to the National Cancer Institute (NIH), a biomarker is a biological molecule found in blood, other
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Notes: Data from Zhou Y, Tian Q, Wang BY, Yang ], Zhao SD, Yang ]. The prognostic significance of TILs as a biomarker in triple-negative breast cancer: what is the role of
TILs in TME of TNBC? Adapted from Zhou Y, Tian Q, Wang BY, Yang ], Zhao SD, Yang J. The prognostic significance of TILs as a biomarker in triple-negative breast cancer:
what is the role of TILs in TME of TNBC. Eur Rev Med Pharmacol Sci. 202 1;25(7):2885-2897. Creative Commons.”
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body fluids, or tissues that is a sign of a normal or abnormal process, or of a condition or disease. A biomarker may be used to
see how well the body responds to a treatment for a disease or condition. It is also called a molecular marker or signature
molecule.* According to the FDA-NIH Biomarker Working Group, a prognostic biomarker is one that indicates an increased
(or decreased) likelihood of a future clinical event, disease recurrence or progression in an identified population. Prognostic
biomarkers are measured at a defined baseline, which may include a background treatment.*® As such, the TIL infiltrate in
TNBC is often identified and assessed by pathologists following a standardized set of guidelines first described by Salgaod
R. et al in 2015, where they detail both methodological and technological recommendations for evaluating TIL in breast
cancer.>* For this purpose, archival formalin-fixed paraffin-embedded (FFPE) tissue is used, stained with hematoxylin and
eosin and then observed using light microscopy. Pathologists can then reference a set of reference images, which are published
by the International Immuno-Oncology Biomarker Working Group (www.tilsinbreastcancer.org) also known as the TIL

working group (TIL-WG). Different zones with different TIL densities are assessed in each tumor, after which a mean of the
fields is calculated forming the final TIL score, where the stromal TIL infiltration is expressed in percentages (%). The process
is similar to processes for other biomarkers in breast cancer. This standardized set of guidelines leads to excellent interobserver
concordance and reproducibility between pathologists, throughout the world.?' Defining TIL in TNBC is still not done
routinely, as they do not directly influence tumor staging or choice of therapy. There are however some similar prognostic
markers, such as lymphovascular invasion and histological grade, which are routinely included in a pathology report. And with
TIL seeming to be able to predict response to ICL, TIL quantity could be considered when staging a tumor in future.>*

Value of TIL as Biomarkers in TNBC

In the last decade TIL have been identified as having a positive prognostic role in breast cancer. Furthermore, the influence of TIL
on disease prognosis was found to be more significant in TNBC compared to the hormone-positive disease. A bigger TIL
infiltration, in patients with TNBC, is a predictor of pCR, disease-free survival (DFS), better OS and better long-term
prognosis.”*> On average, women with basal-like TNBC and CD8+ T lymphocyte presence live 3.5 years longer than
those without a CD8+ T lymphocyte infiltrate.*' The effect of TIL on disease prognosis was proven to be significant in early
TNBC?° and even in the advanced setting, although not to the same extent.*” In most studies a TIL quantity of 30% and higher
was associated with better prognosis and marked as a high TIL tumor.*' In younger patients however the positive prognostic
effect was seen even with lower quantities of TIL, leading us to question what the cut off for a high TIL tumor should be.**
Among the TIL subsets, CD8+ lymphocytes are particularly associated with better patient survival in basal like subgroup.”' The
CD8+ infiltrates have been associated with a better response to therapy as well.** The role of CD4+ and FOXP3+ infiltrates is still
unclear as studies have associated them with both a positive®® and a potentially negative prognostic role.***! It is believed that the
negative prognostic role of FOXP3+ infiltrates, in particular, could be because of a suppression of the activation of CD8 T cells
and CD4 helper T cells.*>*! Despite this effect, most studies find TIL to be a clear positive prognostic marker in TNBC.?® This
may be because the TIL infiltrate in TNBC is mostly made up of CD8 T cell infiltrates rather than CD4 T cell infiltrates.’’

A positive prognostic role was also shown when predicting response to chemotherapy, which has shown a significantly
better effect in TNBC with a large TIL infiltration. In patients with TNBC who were treated with adjuvant anthracycline
chemotherapy, the presence of TIL predicted improved OS, DFS and a distant-recurrence free interval (DRFI).** Part of this
effect could be contributed to the fact that some chemotherapeutic drugs were shown to able to induce stress proteins during
cell death, which helps with immune recognition of the tumor. For example, doxorubicin can induce secretion of the protein
high-mobility-group box 1 (HMGB1), which binds to toll-like receptor (TLR) 4. Together, they promote antigen presentation,
T-cell activation, and secretion of IFN-p.. Other chemotherapeutics have shown similar effects. Paclitaxel can increase tumor
infiltrating type 1 T lymphocytes and anthracyclines are proven to bolster the type 1 immune response. This means that
chemotherapy seems to partly operate as an immunotherapy along with its cytotoxic effect.** Chemotherapy has been shown
to stimulate an immune response against tumor cells, leading to a more significant reduction in tumor mass, which may be the
reason it shows good results when combined with immunotherapy.?®**

The increased prognostic value of TIL in TNBC is most likely because it is naturally a subtype with a high level of
lymphocyte infiltrate.>>** TNBC is the subtype with the biggest incidence of invasive tumors, with a lymphocyte
infiltration bigger than 50% (lymphocyte predominant breast cancer, LPBC) at the time of diagnosis (20%). Compared to
the average of around 11%, it shows a significant difference to other subgroups. The remaining 80% of TNBCs did show
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at least a partial infiltration with immune cells, either in the tumor itself or the surrounding stroma. The greatest effect on
overall survival can be seen with LPBC, which further indicates that a higher TIL infiltration predicts an enhanced effect
of chemotherapy.?® In fact, neoadjuvant chemotherapy of carboplatin and anthracycline-plus-taxane combination resulted
in a significantly higher pCR rate in LPBC than in non-LPBC (59.9 and 33.8%), respectively.**

Despite the role of TIL as prognostic biomarkers in TNBC, they currently do not influence patient management, as the SOC for
most early TNBC remains cytotoxic chemotherapy, regardless of TIL count.’ In comparison to a predictive biomarker (a
biomarker used to identify individuals who are more likely than similar individuals without the biomarker to experience
a favorable or unfavorable effect from exposure to a medical product or an environmental agent),>* a prognostic marker like
TIL has a more subtle and complex role when/if guiding clinicians’ decisions about therapy. In light of this issue, many prognostic
tools that incorporate the anatomic stage along with TIL count have been developed. A few examples of this are UK Predict and
Adjuvant Online, as well as the prognostic tool developed by the TIL-WG. As of late, TIL are also included in several international
guidelines about early-stage TNBC, like the European Society of Medical Oncology (ESMO) Guidelines for early-stage breast
cancer as well as the World Health Organization (WHO) Blue Book on breast tumor classification.”'

TIL could also help with identifying patients for systemic therapy de-escalation, due to their association with better pCR
rates, response to chemotherapy and overall prognosis. As such, they help us in terms of finding patients with a lower chance
of recurrence and consequently not needing such aggressive treatment, thus lessening the burden of side effects and improving
quality of life. We believe that TIL are currently the most cost-effective, accessible and reliable biomarkers for identifying
patients for de-escalation therapy.

Furthermore, TIL are developing a more important role in deciding on a patient’s therapy, as we enter the
immune-checkpoint era.

Role of TIL in the Immune-Checkpoint Era

Immune-checkpoint inhibitors are becoming of increased importance in the management of TNBC, even establishing themselves
as the SOC for some patients in the advanced setting.’ In combination with chemotherapy, they show promising results in the
early stage disease as well. Three recent studies report benefit from using immunotherapy in combination with chemotherapy as
a neoadjuvant treatment, namely, the KEYNOTE-522, IMpassion03 1, and GeparNUEVO studies,” suggesting a synergetic effect
between them. It has become clear that immunotherapy, especially ICI, will become the standard when treating TNBC in the
future. As such, there is a need to find a suitable biomarker to help identify patients who respond to immunotherapy and also
predicts a good response to chemotherapy. Currently, TIL are showing promising results. TIL have been found to predict high
PD-L1 expression and a favorable response to immunotherapy.”>?' The number of TIL has been found as an predictive marker
for a response to immune checkpoint blockade (ICB)."” Along with high PD-L1 expression, a high TIL infiltrate was shown to
predict a higher chance of responding to pembrolizumab in patients with advanced and metastatic TNBC."**! Furthermore, in
patients with high PD-L1 expression and high TIL infiltration (=5%), pembrolizumab was even associated with better survival
than chemotherapy. In patients with low TIL infiltration, however, chemotherapy was associated with a better survival. Higher
TIL infiltration (>5%) showed increased benefit of PCR and OS in patients receiving atezolizumab as well.?' The data suggest
a more significant anti-tumor immune response with a higher TIL infiltration present, leading to an increased elimination of
cancer cells. TIL/PD-L1 appear to be predictive of benefit from PD-L1 inhibition, at least in the advanced setting, which is why
Loi et al already believe that the ideal treatment for PD-L1+, CD8+ or TIL+ advanced TNBC would be atezolizumab and nab-
paclitaxel up-front. In early-stage TNBC, neoadjuvant treatment of tumors with a higher TIL/PD-L1 expression was linked to
higher rates of pCR, regardless of using chemotherapy as a monotherapy or the addition of immunotherapy, although more
research still needs to be done.?’

We can also speculate that the role TIL play in immunotherapy will only increase in the future, given it is still in the early
stages and warrants further research into the underlying mechanisms and properties, not only in TNBC but in other cancers as
well. Some of the newest currently ongoing research in the field of TNBC, TIL and immunotherapy are listed in Table 2. Most
of the studies listed are researching the effects of immunotherapy on TNBC progression and prognosis. As well as drugs such
as nivolumab, pembrolizumab and atezolizumab, which are already approved for use with TNBC patients in some settings,
they are testing the efficacy of newer drugs like cabiralizumab. The drugs mentioned are tested mostly as a neoadjuvant
treatment combination with chemotherapy in both the early and advanced stages of the disease. Other studies are focusing
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Table 2 Some of the Newest Currently Ongoing Research in the Field of TNBC, TIL and Immunotherapy

Title Status Study Conditions Intervention
Results
Autologous Tumor-Infiltrating Lymphocytes in Patients with Pretreated Metastatic Triple- Recruiting No Results *Metastatic Triple-Negative *Drug: Tumor-infiltrating
Negative Breast Cancer Available Breast Cancer lymphocytes (TIL)
LN-145
Correlation Between TILs and Blood Cell Counts in Triple Recruiting No Results *Triple-Negative Breast *Other: Blood sample
-Negative Breast Cancer Patients Available Cancer
Effects of MK-3475 (Pembrolizumab) on the Breast Tumor Recruiting No Results *Triple-Negative Breast *Drug: Merck 3475
Microenvironment in Triple -Negative Breast Cancer Available Cancer Pembrolizumab
*Radiation: Intraoperative
radiation therapy
(IORT)
Cabiralizumab in Combination With Nivolumab and Recruiting No Results *Triple-Negative Breast *Drug: Paclitaxel
Neoadjuvant Chemotherapy in Patients With Localized Triple-Negative Available Cancer *Drug: Carboplatin
Breast Cancer *Biological: Nivolumab
*Biological: Cabiralizumab
*Procedure: Tumor biopsy
*Procedure: Bone marrow
*Procedure: Blood draw
Preoperative Lenvatinib Plus Pembrolizumab in Early-Stage Recruiting No Results *Triple-Negative Breast *Drug: Lenvatinib
Triple-Negative Breast Cancer (TNBC) Available Cancer *Drug: Pembrolizumab
Modifications of Immune Microenvironment Induced by Unknown No Results *Triple-Negative Breast *Other: biomarker evolution
Neoadjuvant Chemotherapy in Triple-nNegative BC status Available Cancer
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Table 2 (Continued).

Title Status Study Conditions Intervention
Results
7. Carboplatin and Paclitaxel With or Without Atezolizumab Active, not No Results sInvasive Breast Carcinoma *Drug: Atezolizumab
Before Surgery in Treating Patients With Newly Diagnosed, recruiting Available +Stage Il Breast Cancer *Drug: Carboplatin
Stage II-Il Triple-Negative Breast Cancer AJCC v6 and v7 *Procedure: Lumpectomy
+Stage IIA Breast Cancer *Procedure: Mastectomy
AJCC v6 and v7 *Drug: Paclitaxel
«Stage IIB Breast Cancer
AJCC v6 and v7
+Stage Il Breast Cancer
AJCC v7
«Stage IlIA Breast Cancer
AJCC v7
«Stage IlIB Breast Cancer
AJCC v7
+Stage IlIC Breast Cancer
AJCC v7
*Triple-Negative Breast
Carcinoma
8. Comparison of the Breast Tumor Microenvironment Recruiting No Results *Triple-Negative Breast *Other: Breast tissue collection
Available Cancer *Other: Blood sample collection
*Hormone Receptor
Positive Malignant
Neoplasm of Breast
9. Treatment of Advanced or Metastatic Triple-Negative Breast Cancer With Adoptive Therapy Not yet No Results *Metastatic Triple-Negative *Drug: PD1+ TILs (NUMARZU-
of PD1+ TILS recruiting Available Breast Carcinoma 001) product infusion
10. | A Phase Il Trial of Camrelizumab in Combination With Apatinib for Neoadjuvant Treatment of Recruiting No Results *Breast Cancer Drug: Anti-PD-1 monoclonal
Early-Stage TNBC With a High Proportion of TILs Available Triple-Negative Breast antibody
Cancer Drug: VEGFR2 Tyrosine Kinase
Inhibitor

Notes: Data from US National Library of Medicine. ClinicalTrials.gov. Available from: https://clinicaltrials.gov/ct2/results?cond=TNBC+-+TripleNegative+Breast+Cancer&term
Abbreviations: TNBC, triple-negative breast cancer; TIL, tumour infiltrating lymphocytes; BC, breast cancer; PD-1, programmed cell death protein |; AJCC, American Joint Committee on Cancer; VEGFR2, vascular endothelial growth

factor receptor 2.
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more on the role of the TME and TIL in TNBC. One study is researching the effect of autologous TIL in pretreated metastatic
TNBC. TIL have shown benefits even in advanced disease,”” which makes this an important topic of research to find
a potential better treatment option for metastatic TNBC.

Conclusion
Through a review of the current literature we found that TIL have several strengths, making them vital for managing
TNBC:

1. TIL are currently one of the most reliable prognostic biomarkers in TNBC. They have been linked with an improved
clinical outcome in TNBC and a better response to systemic treatment of TNBC.?**3 TILs have the strongest
association to breast cancer outcome in TNBC.?" A high number of TIL was asociated with a better DFS and better
08,%%% in one study even with a better pCR.>> Chemotherapy has been asociated with a increased chance of pCR and
improved survival with increased TILs in TNBC? TIL infiltration is undeniably an independent prognostic marker, that
has shown clinical significance even in large-scale meta-analysis.?*>°

2. Patients with a high TIL infiltration were proven to have a lower risk of recurrence and are associated with better
pCR rates after neoadjuvant therapy, even in early stage TNBC, making them effective in identifying potential
candidates for therapy de-escalation.

3. TIL seem to predict benefit from using immunotherapy, with some researchers advocating that all patients with
advanced TNBC who are PD-L1+, CD8+, or TIL+ should receive atezolizumab and nab—paclitaxel.21 As such, TIL
could already be seen as not only prognostic biomarkers but predictive ones as well. Additionally, with immunother-
apy’s advancement in the future, the role of TIL when planning a patient’s treatment will only grow in the future.

4. Defining TIL or a specific subset of TIL (eg, CD8+) on a hematoxylin and eosin slide is relatively cost-effective
and done routinely throughout the world; they could therefore replace PD-L1 assays as a companion diagnostic
test for atezolizumab and pembrolizumab for patients with advanced TNBC.?!

5. As it is becoming clear that a combination approach of chemotherapy and immunotherapy will most likely become
the standard treatment of TNBC in future, it is vital to use a biomarker that predicts a good response to both. At the
time of writing this article, TIL fit this role better than any other potential biomarker, further increasing their
importance in the management of TNBC.

Also accounting for the fact that we already routinely include some similar prognostic markers like lymphovascular
invasion and histological grade, we firmly believe that TNBC patients would benefit greatly from routinely defining TIL
or a specific TIL subset (eg, CD8+). Because of their important role in TNBC management it is also vital to expand our
knowledge of TIL in the future, as there is much room for improvement. We still need to define the different TIL subsets,
their different effects, and their layout in cancer tissue. Our current understanding about the TME and the interaction of
TIL with other cells of the TME is still lacking. Though we know the general composition of the TME,** the cumulative
effect of all the cells of the immune system on disease prognosis is not clearly defined. Moreover, our current knowledge
about the interaction between TIL, chemotherapy and immunotherapy is also incomplete. We need to clearly define the
interactions between these three factors in order to optimize our treatment options in the future. Finding new drugs and
treatment combinations can lead to an even better prognosis for TNBC patients in the future. Furthermore, research is
required in the use of TIL autologous transplants as a possible treatment option. This research is still in its early stages
but may play an important part of TNBC treatment in coming decades. After reviewing the data we have available now,
and as their role will only grow in the future, we firmly believe that routinely defining TIL should be a standard in TNBC
management.
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