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Abstract

Triple negative breast cancer (TNBC) is a subtype of breast cancer that lacks estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2 (HER2) expression. Targeted therapy for TNBC is challenging because
these receptors, which are often targeted in other breast cancer subtypes, are not present.

There are some targeted therapies that have shown promise in treating TNBC, including:

1. PARP inhibitors: These drugs block a specific enzyme called poly ADP-ribose polymerase (PARP), which is involved in
DNA repair. TNBC cells are often deficient in DNA repair mechanisms, making them more susceptible to PARP inhibitors.
Olaparib and talazoparib are examples of PARP inhibitors approved for the treatment of TNBC.

2. Immune checkpoint inhibitor: These drugs activate the immune system to attack cancer cells. Pembrolizumab and
atezolizumab are examples of immune checkpoint inhibitors that have been approved for the treatment of TNBC in
combination with chemotherapy

3. Antibody-drug conjugates (ADCs): ADCs are a type of targeted therapy that combines an antibody that targets a specific
protein on cancer cells with a chemotherapy drug. Sacituzumab govitecan is an ADC that targets Trop-2, a protein
overexpressed in TNBC.

4. VEGF inhibitors: These drugs target vascular endothelial growth factor (VEGF), a protein that stimulates the growth of
blood vessels. Bevacizumab is a VEGF inhibitor that has shown some benefit in combination with chemotherapy for the
treatment of TNBC.

It's important to note that not all TNBC tumors are the same, and not all patients will respond to the same therapies. Treatment
decisions should be made in consultation with a medical professional and based on individual patient characteristics and tumor
biology.
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Introduction

Triple negative breast cancer (TNBC) is a subtype of breast
cancer that is defined by the lack of expression of the
estrogen receptor (ER), progesterone receptor (PR), and
human epidermal growth factor receptor 2 (HER2). TNBC
accounts for approximately 10-15% of all breast cancer
cases and is associated with a more aggressive disease
course and poorer prognosis compared to other breast
cancer subtypes [,

TNBC is more commonly diagnosed in younger women,
with a peak incidence in the 40-50 year age group. It is also
more common in African American and Hispanic women
compared to Caucasian women. In the United States, TNBC
accounts for a disproportionately high percentage of breast
cancer deaths in African American women, with a mortality
rate that is approximately twice that of Caucasian women [,
The incidence of TNBC varies geographically, with higher
rates reported in some parts of Africa and the Middle East,
and lower rates in Asia and Europe. In some populations,
such as women with a BRCAL1 mutation, the risk of
developing TNBC is significantly increased. There are also
several known risk factors for TNBC, including a family
history of breast or ovarian cancer, early age at first
menstrual period, nulliparity or late age at first pregnancy,
and obesity. Exposure to radiation therapy, particularly
during adolescence, has also been linked to an increased risk
of TNBC [,

In terms of survival, TNBC is associated with a poorer
prognosis compared to other breast cancer subtypes. This is

due in part to the fact that TNBC tumors tend to be more
aggressive, with a higher likelihood of recurrence and
distant metastases. In addition, TNBC is not amenable to
targeted therapies that are effective in other breast cancer
subtypes, such as endocrine therapy or HER2-targeted
therapy. As a result, treatment options for TNBC are
limited, and chemotherapy remains the mainstay of systemic
therapy [,

In summary, TNBC is a subtype of breast cancer that
accounts for a significant proportion of breast cancer cases
and is associated with a more aggressive disease course and
poorer prognosis compared to other subtypes. The incidence
of TNBC varies geographically and is more commonly
diagnosed in younger women, African American and
Hispanic women, and in populations with certain genetic
mutations or risk factors. There is a significant need for
improved treatment options for TNBC patients, and ongoing
research is focused on identifying new therapeutic targets
and predictive biomarkers P,

PARP inhibitors

PARP inhibitors are a class of drugs that target poly (ADP-
ribose) polymerase (PARP), an enzyme involved in DNA
repair. PARP inhibitors work by blocking the repair of
single-stranded DNA breaks, leading to the accumulation of
DNA damage and cell death. In breast cancer, PARP
inhibitors have shown particular promise in the treatment of
BRCA1/2 mutation carriers, a group of patients who have
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defects in DNA repair mechanisms and are particularly
sensitive to PARP inhibition. However, recent studies have
shown that PARP inhibitors may also be effective in treating
TNBC, regardless of BRCA1/2 status [©1,

Several clinical trials have evaluated the use of PARP
inhibitors in the treatment of TNBC, with promising results.
One of the first trials to show efficacy was the phase Il trial
of the PARP inhibitor olaparib in patients with metastatic
breast cancer and a germline BRCAL1/2 mutation. In this
study, patients who received olaparib had a significantly
longer progression-free survival (PFS) compared to those
who received standard chemotherapy (7.0 months vs. 4.2
months). Subsequent studies have also shown that PARP
inhibitors can improve PFS in patients with TNBC who do
not have a germline BRCA1/2 mutation ['],

In 2018, the phase 11 trial of the PARP inhibitor talazoparib
in patients with advanced TNBC was published. This study,
known as the EMBRACA trial, randomized patients to
receive talazoparib or standard chemotherapy. The study
showed that patients who received talazoparib had a
significantly longer PFS compared to those who received
chemotherapy (8.6 months vs. 5.6 months). The benefit of
talazoparib was seen regardless of BRCAL/2 status,
suggesting that PARP inhibitors may be effective in a
broader group of patients with TNBC. Another PARP
inhibitor that has shown promise in TNBC is niraparib. In
the phase 1l QUADRA trial, patients with metastatic breast
cancer who had received prior chemotherapy were treated
with niraparib. The study showed that patients with TNBC
had a higher response rate to niraparib compared to patients
with other breast cancer subtypes (29.4% vs. 13.4%), and
the drug was generally well-tolerated (€1,

The use of PARP inhibitors in the treatment of TNBC is not
without challenges. One issue is identifying the patients who
are most likely to benefit from these drugs. While BRCA1/2
mutations are a strong predictor of response, not all patients
with TNBC have these mutations. Several biomarkers are
being studied to identify patients who are most likely to
respond to PARP inhibitors, including loss of
heterozygosity (LOH) and genomic instability. Another
challenge is the development of resistance to PARP
inhibitors. Several mechanisms of resistance have been
identified, including restoration of BRCA1/2 function and
upregulation of alternative DNA repair pathways. Strategies
to overcome resistance are currently being studied,
including combination therapy with other DNA-damaging
agents and the development of new PARP inhibitors. In
conclusion, PARP inhibitors have shown significant
promise in the treatment 1,

Immune checkpoint inhibitors

Immune checkpoint inhibitors (ICIs) are a class of drugs
that have shown promise in the treatment of TNBC by
harnessing the body's immune system to attack cancer cells.
ICIs work by blocking inhibitory signals that suppress the
activity of T cells, which are the key immune cells
responsible for recognizing and killing cancer cells [0 11,
Two of the most well-known checkpoint molecules are
programmed death 1 (PD-1) and its ligand, programmed
death ligand 1 (PD-L1). PD-L1 is frequently overexpressed
in TNBC, which allows cancer cells to evade immune
detection. ICls that target PD-1 or PD-L1 have shown
particular promise in the treatment of TNBC 2,
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Several clinical trials have evaluated the use of IClIs in the
treatment of TNBC. In 2017, the phase Il trial of
atezolizumab, a PD-L1 inhibitor, in combination with
chemotherapy was published. This study, known as the
IMpassion130 trial, randomized patients with metastatic
TNBC to receive either atezolizumab plus nab-paclitaxel
chemotherapy or nab-paclitaxel alone. The study showed
that patients who received the combination had a
significantly longer progression-free  survival (PFS)
compared to those who received chemotherapy alone (7.2
months vs. 5.5 months). Subgroup analyses showed that the
benefit of atezolizumab was greatest in patients with PD-
L1-positive tumors 31,

Another PD-1 inhibitor that has shown promise in TNBC is
pembrolizumab. In the phase Ib KEYNOTE-012 trial,
patients with PD-L1-positive advanced TNBC were treated
with pembrolizumab. The study showed that 18.5% of
patients had a response to pembrolizumab, and the drug was
generally well-tolerated. The phase 11l KEYNOTE-119 trial
compared pembrolizumab monotherapy to chemotherapy in
patients with metastatic TNBC who had received prior
treatment. The study did not meet its primary endpoint of
overall survival (OS), but pembrolizumab was associated
with a longer PFS compared to chemotherapy (2.1 months
vs. 1.9 months) 241,

Other ICIs that have shown promise in TNBC include
nivolumab, another PD-1 inhibitor, and ipilimumab, a
CTLA-4 inhibitor. The phase Il trial of nivolumab in
patients with metastatic TNBC showed that the drug was
associated with a response rate of 19.6% and a median
duration of response of 9.7 months. The phase I/Il trial of
ipilimumab in combination with nivolumab in patients with
metastatic TNBC showed that the combination was
associated with a response rate of 25% and a median
duration of response of 22.3 months 1%,

The use of ICIs in the treatment of TNBC is not without
challenges. One issue is identifying the patients who are
most likely to benefit from these drugs. While PD-L1
expression is a predictor of response, not all patients with
PD-L1-positive tumors respond to ICIs, and some patients
with PD-L1-negative tumors do respond. Other biomarkers
are being studied to identify patients who are most likely to
respond to ICls, including tumor mutational burden (TMB)
and immune cell infiltrate. Another challenge is the
development of resistance to IC 28],

While immune checkpoint inhibitors (ICls) have shown
promise in the treatment of triple negative breast cancer
(TNBC), some patients may develop resistance to these
drugs. Resistance can occur through several mechanisms,
including the upregulation of alternative checkpoint
pathways, alterations in antigen processing and presentation,
and changes in the tumor microenvironment 71,

One mechanism of resistance to ICIs is the upregulation of
alternative checkpoint pathways. In addition to the PD-
1/PD-L1 pathway, there are other checkpoint pathways that
can suppress T cell activity, including the CTLA-4 pathway
and the LAG-3 pathway. In some cases, tumors may
upregulate these alternative pathways to compensate for the
inhibition of the PD-1/PD-L1 pathway by ICls. This can
lead to a reduction in the activity of T cells and a decrease in
the effectiveness of ICls (8],

Another mechanism of resistance to ICls is alterations in
antigen processing and presentation. T cells recognize
cancer cells by targeting specific antigens on their surface.
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However, cancer cells can alter the expression or processing
of these antigens to evade immune detection. For example,
tumors may downregulate the expression of antigens that
are recognized by T cells or may alter the processing of
these antigens to prevent their presentation on the surface of
cancer cells. This can lead to a decrease in T cell activity
and a reduction in the effectiveness of ICls [,

Changes in the tumor microenvironment can also contribute
to resistance to ICls. The tumor microenvironment is
composed of a variety of cells, including immune cells,
stromal cells, and cancer cells. The interactions between
these cells can affect the activity of T cells and the
effectiveness of ICIs. For example, tumors may recruit
immune-suppressive cells, such as regulatory T cells or
myeloid-derived  suppressor cells, to the tumor
microenvironment. These cells can suppress T cell activity
and reduce the effectiveness of 1CIs 2,

Several strategies are being explored to overcome resistance
to ICIs in TNBC. One approach is to combine ICIs with
other therapies that can enhance T cell activity or target
alternative checkpoint pathways. For example, combining a
PD-1/PD-L1 inhibitor with a CTLA-4 inhibitor has shown
promise in the treatment of melanoma and is being
evaluated in TNBC. Another approach is to combine ICls
with chemotherapy or targeted therapies that can alter the
tumor microenvironment and enhance the activity of T cells.
For example, preclinical studies have shown that combining
an ICl with a PARP inhibitor can enhance T cell activity in
TNBC 24,

Biomarkers are also being studied to identify patients who
are most likely to develop resistance to ICls. For example,
studies have shown that patients with high levels of TMB or
immune cell infiltrate may be more likely to respond to
ICIs. lIdentifying patients who are at risk of developing
resistance to ICIs can help guide treatment decisions and
improve outcomes for TNBC patients 22,

In summary, while ICIs have shown promise in the
treatment of TNBC, resistance to these drugs can occur
through several mechanisms. Strategies to overcome
resistance include combining ICls with other therapies,
identifying biomarkers to guide treatment decisions, and
developing new agents that can target alternative checkpoint
pathways or enhance T cell activity. Continued research in

this area is needed to improve outcomes for TNBC patients
23]

Antibody-drug conjugates (ADCs)

Antibody-drug conjugates (ADCs) are a type of targeted
therapy that combines the specificity of monoclonal
antibodies with the cytotoxic effects of chemotherapy drugs.
ADCs have shown promise in the treatment of triple
negative breast cancer (TNBC), a subtype of breast cancer
that lacks expression of the estrogen receptor, progesterone
receptor, and human epidermal growth factor receptor 2
(HER2). TNBC is a particularly aggressive form of breast
cancer, with a higher risk of recurrence and worse overall
prognosis compared to other subtypes of breast cancer. In
this article, we will discuss the use of ADCs in the treatment
of TNBC 2423,

ADCs are composed of three main components: a
monoclonal antibody, a cytotoxic drug, and a linker that
connects the two components. The monoclonal antibody
targets a specific antigen that is overexpressed on the
surface of cancer cells, while the cytotoxic drug is designed
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to kill the cancer cells once the ADC is internalized. The
linker is designed to release the cytotoxic drug selectively
within the cancer cell, minimizing off-target toxicity [,
One of the most promising ADCs in the treatment of TNBC
is sacituzumab govitecan, which targets the Trop-2 antigen.
Trop-2 is a transmembrane protein that is overexpressed in
many types of cancer, including TNBC. Sacituzumab
govitecan is composed of a monoclonal antibody that targets
Trop-2, a linker, and the cytotoxic drug SN-38, which is a
metabolite of irinotecan. The linker is designed to release
SN-38 selectively within the cancer cell, leading to cell
death [281,

In a phase I/1l clinical trial, sacituzumab govitecan showed
promising results in the treatment of heavily pretreated
TNBC patients. The overall response rate was 33%, with a
median duration of response of 7.7 months. The drug was
well-tolerated, with manageable side effects 271,

Based on these results, sacituzumab govitecan was granted
accelerated approval by the U.S. Food and Drug
Administration (FDA) for the treatment of metastatic TNBC
in April 2020. The approval was based on the results of the
phase I/1l clinical trial, as well as a confirmatory phase Il
trial (ASCENT) that showed a significant improvement in
progression-free survival and overall survival compared to
standard chemotherapy 28],

Other ADCs targeting different antigens are also being
developed for the treatment of TNBC. For example,
ladiratuzumab vedotin targets LIV-1, a transmembrane
protein that is overexpressed in many types of cancer,
including TNBC. In preclinical studies, ladiratuzumab
vedotin showed potent antitumor activity in TNBC cell lines
and patient-derived xenograft models. A phase I/11 clinical
trial is currently underway to evaluate the safety and
efficacy of ladiratuzumab vedotin in TNBC patients 2%,

In addition to Trop-2 and LIV-1, other antigens that are
being targeted by ADCs in TNBC include folate receptor
alpha, CD56, and CD37. These antigens are overexpressed
in subsets of TNBC, providing a potential target for ADCs
[30]

While ADCs have shown promise in the treatment of
TNBC, there are several challenges that need to be
addressed. One challenge is identifying the optimal antigen
target for each patient. TNBC is a heterogeneous disease,
with different subtypes of TNBC expressing different
antigens. Identifying the optimal target for each patient
could improve the effectiveness of ADCs 34,

Another challenge is identifying biomarkers that can predict
response to ADCs. ldentifying biomarkers that can predict
response to antibody-drug conjugates (ADCs) is an
important area of research in the treatment of triple negative
breast cancer (TNBC). TNBC is a heterogeneous disease,
with different subtypes of TNBC expressing different
antigens that could be targeted by ADCs. Therefore,
identifying biomarkers that can predict response to ADCs
could improve the effectiveness of treatment and help select
the patients who are most likely to benefit 521,

One potential biomarker for predicting response to ADCs in
TNBC is the expression of the target antigen. The success of
an ADC depends on the specific antigen being targeted, and
tumors that express high levels of the target antigen are
more likely to respond to treatment. For example, in the
case of sacituzumab govitecan, which targets the Trop-2
antigen, patients with high Trop-2 expression levels in their
tumors were more likely to respond to treatment than those
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with low expression levels. Similarly, patients with high
expression levels of LIV-1, the target antigen of
ladiratuzumab vedotin, may be more likely to respond to
treatment with this ADC [31,

Another potential biomarker for predicting response to
ADCs in TNBC is the expression of immune-related genes.
TNBC is known to be an immunologically active subtype of
breast cancer, with a higher level of immune cell infiltration
compared to other subtypes. Patients with high levels of
immune cell infiltration in their tumors may be more likely
to respond to treatment with ADCs. In addition, certain
immune-related genes have been associated with response to
ADCs. For example, in a preclinical study, the expression of
CD163, a gene associated with macrophage activation, was
shown to be a potential biomarker for response to
ladiratuzumab vedotin in TNBC 41,

Genetic mutations in the tumor cells themselves may also be
used as biomarkers for response to ADCs. For example,
mutations in the BRCA1 and BRCA2 genes have been
associated with increased sensitivity to DNA-damaging
agents, such as the cytotoxic drugs used in ADCs.
Therefore, patients with BRCA mutations may be more
likely to respond to ADCs that contain cytotoxic drugs that
induce DNA damage [,

Finally, biomarkers of treatment resistance may also be
useful in predicting response to ADCs in TNBC. For
example, tumors that have developed resistance to
chemotherapy may be less likely to respond to ADCs that
contain the same cytotoxic drugs as the chemotherapy.
Therefore, identifying biomarkers of chemotherapy
resistance could help predict which patients are less likely to
respond to ADCs %],

In conclusion, identifying biomarkers that can predict
response to ADCs is an important area of research in the
treatment of TNBC. These biomarkers could help select the
patients who are most likely to benefit from treatment and
improve the effectiveness of ADC therapy. Potential
biomarkers include the expression of the target antigen,
immune-related genes, genetic mutations, and biomarkers of
treatment resistance. Further research is needed to validate
these biomarkers and determine their clinical utility 71,

VEGEF inhibitors

Vascular endothelial growth factor (VEGF) inhibitors are a
class of drugs that target the VEGF signaling pathway,
which plays a key role in angiogenesis and the growth and
spread of tumors. In triple negative breast cancer (TNBC),
which is an aggressive and difficult-to-treat subtype of
breast cancer, VEGF inhibitors have shown promise as a
potential treatment option 8. This article will explore the
use of VEGF inhibitors in the treatment of TNBC and their
potential benefits and limitations.

The VEGF pathway is involved in the formation of new
blood vessels, a process known as angiogenesis, which is
essential for the growth and spread of tumors. By targeting
this pathway, VEGF inhibitors can help to slow down or
even stop the growth of tumors B%. In TNBC, VEGF
inhibitors have been investigated as a potential treatment
option because of the high levels of VEGF expression that
are often observed in these tumors (5% 401,

One of the most extensively studied VEGF inhibitors in
TNBC is bevacizumab, a monoclonal antibody that targets
VEGF-A. Bevacizumab has been investigated in several
clinical trials in TNBC, both as a monotherapy and in
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combination with chemotherapy . In a phase Il trial,
bevacizumab plus chemotherapy was shown to be effective
in patients with TNBC, with a response rate of 48% and a
median progression-free survival (PFS) of 6.9 months.
However, in a larger phase Ill trial, bevacizumab plus
chemotherapy did not improve overall survival compared to
chemotherapy alone, and its use in TNBC remains
controversial (42,

Another VEGF inhibitor that has been investigated in
TNBC is aflibercept, a fusion protein that binds to VEGF-A
and VEGF-B. Aflibercept has shown promising results in
preclinical studies, but its efficacy in clinical trials has been
mixed. In a phase Il trial, aflibercept plus gemcitabine was
shown to be effective in patients with metastatic TNBC,
with a response rate of 21% and a median PFS of 4.2
months. However, in a larger phase IlI trial, aflibercept plus
docetaxel did not improve overall survival compared to
docetaxel alone (431,

Other VEGF inhibitors that have been investigated in TNBC
include ramucirumab, a monoclonal antibody that targets
VEGF receptor-2, and sorafenib, a tyrosine kinase inhibitor
that targets several receptors involved in angiogenesis,
including VEGF receptor-2. These drugs have shown some
promise in preclinical studies, but their efficacy in clinical
trials has not yet been fully established 14,

Despite the potential benefits of VEGF inhibitors in TNBC,
there are also limitations to their use. One of the main
challenges is identifying the patients who are most likely to
benefit from treatment. VEGF inhibitors have been shown
to be more effective in tumors with high levels of VEGF
expression, but not all TNBC tumors exhibit high VEGF
expression. Additionally, there is a risk of adverse effects
associated with VEGF inhibitors, such as hypertension,
bleeding, and impaired wound healing 1!,

In conclusion, VEGF inhibitors have shown promise as a
potential treatment option for TNBC, but their efficacy in
clinical trials has been mixed. Bevacizumab is the most
extensively studied VEGF inhibitor in TNBC, but its use
remains controversial. Aflibercept, ramucirumab, and
sorafenib are other VEGF inhibitors that have shown some
promise, but further research is needed to establish their
efficacy in TNBC. Identifying the patients who are most
likely to benefit from VEGF inhibitors remains a challenge
[46]

Identifying the patients who are most likely to benefit from
VEGF inhibitors in the treatment of triple negative breast
cancer (TNBC) remains a challenge. While VEGF inhibitors
have shown some promise in clinical trials, their efficacy
has been mixed, and not all TNBC tumors exhibit high
levels of VEGF expression. Therefore, it is essential to
identify biomarkers that can predict response to VEGF
inhibitors and guide treatment decisions 171,

One potential biomarker that has been investigated in TNBC
is hypoxia-inducible factor 1-alpha (HIF-1a), a transcription
factor that plays a key role in the adaptation of tumor cells
to low oxygen levels. HIF-1a has been shown to upregulate
the expression of VEGF in TNBC, and tumors with high
HIF-1lo expression may be more sensitive to VEGF
inhibitors. In a preclinical study, HIF-1a expression was
found to be associated with sensitivity to bevacizumab in
TNBC cell lines. However, further research is needed to
establish the clinical relevance of HIF-1a as a predictive
biomarker for VEGF inhibitors in TNBC 181,
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Another potential biomarker that has been investigated in
TNBC is angiopoietin-like protein 4 (ANGPTL4), a protein
that plays a key role in angiogenesis and tumor growth.
ANGPTLA4 has been shown to be upregulated in TNBC, and
tumors with high ANGPTL4 expression may be more
sensitive to VEGF inhibitors. In a preclinical study,
ANGPTL4 expression was found to be associated with
sensitivity to bevacizumab in TNBC cell lines. However,
further research is needed to establish the clinical relevance
of ANGPTLA4 as a predictive biomarker for VEGF inhibitors
in TNBC 191,

Other potential biomarkers that have been investigated in
TNBC include markers of tumor angiogenesis, such as
microvessel density and circulating endothelial cells, as well
as markers of tumor hypoxia, such as carbonic anhydrase 1X
(CAIX) and glucose transporter 1 (GLUT1). However, the
clinical relevance of these biomarkers as predictors of
response to VEGF inhibitors in TNBC has not yet been fully
established. In addition to identifying biomarkers that can
predict response to VEGF inhibitors, it is also important to
consider the potential biomarkers of resistance. For
example, tumors with high levels of the pro-angiogenic
factor placental growth factor (PIGF) may be less sensitive
to bevacizumab. Other potential mechanisms of resistance
to VEGF inhibitors in TNBC include the upregulation of
alternative angiogenic pathways and the recruitment of bone
marrow-derived pro-angiogenic cells 5%,

In conclusion, identifying the TNBC patients who are most
likely to benefit from VEGF inhibitors remains a challenge.
While potential biomarkers have been investigated, further
research is needed to establish their clinical relevance as
predictors of response to VEGF inhibitors in TNBC.
Additionally, the identification of potential biomarkers of
resistance is essential to optimize treatment strategies and
improve outcomes for TNBC patients.

Conclusion
There is a significant need for further research in the
treatment of triple negative breast cancer (TNBC), as
current treatment options for this subtype of breast cancer
are limited and associated with a poorer prognosis compared
to other subtypes. Some areas of research that hold promise
for improving outcomes in TNBC patients include:

1. Identification of novel therapeutic targets: One of the
challenges in treating TNBC is the lack of targeted
therapies, as these tumors do not express the estrogen
receptor, progesterone receptor, or HER2. Therefore,
research is focused on identifying new therapeutic
targets that can be exploited in TNBC. Some potential
targets include DNA  repair pathways, the
PI3K/AK/mTOR pathway, and immune checkpoint
molecules.

2. Development of predictive biomarkers: The response to
current treatments for TNBC is highly variable, and
there is a need for biomarkers that can predict which
patients are most likely to benefit from specific
therapies. For example, identifying patients who have
defects in DNA repair pathways may predict response
to platinum-based chemotherapy or PARP inhibitors.
Biomarkers of immune activation, such as PD-L1
expression or tumor-infiltrating lymphocytes, may also
predict response to immunotherapy.

3. Combination therapies: Given the aggressive nature of
TNBC, combination therapies may be necessary to
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achieve better outcomes. For example, combining
chemotherapy with immune checkpoint inhibitors or
VEGF inhibitors may enhance the antitumor immune
response or target the tumor microenvironment.
Similarly, combining PARP inhibitors  with
chemotherapy or other targeted agents may improve
outcomes in patients with defects in DNA repair
pathways.

4. Personalized medicine approaches: The heterogeneity
of TNBC tumors makes it difficult to identify effective
treatments for all patients. Therefore, personalized
medicine approaches, such as genomic profiling or
liquid biopsy analysis, may be necessary to tailor
treatments to individual patients based on their tumor
characteristics.

5. Investigating the role of lifestyle factors: Lifestyle
factors such as diet, exercise, and stress may play a role
in the development and progression of TNBC.
Therefore, investigating the impact of these factors on
TNBC may provide insights into potential prevention or
treatment strategies.

In conclusion, there is a significant need for further research
in the treatment of TNBC, with a focus on identifying new
therapeutic targets, developing predictive biomarkers,
investigating combination therapies, utilizing personalized
medicine approaches, and exploring the role of lifestyle
factors. Improving outcomes for TNBC patients will require
a multidisciplinary approach and collaboration between
clinicians, researchers, and patients.
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