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Abstract: Breast cancer has become the most common malignant tumor worldwide. Triple-negative breast cancer (TNBC) is a type of
breast cancer that is negative for estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2
(HER2). Compared with other molecular subtypes of breast cancer, TNBC is the most aggressive and highly heterogeneous. TNBC is
insensitive to endocrine and anti-HER2 therapy, and chemotherapy is currently the main systemic treatment. With the continuous
development of detection techniques and deepening research on TNBC molecular subtypes, drugs targeting immune checkpoints and
different targets have emerged, such as atezolizumab, pembrolizumab, poly (ADP-ribose) polymerase (PARP) inhibitors, trophoblast
cell-surface antigen 2 (TROP-2), and antibody-drug conjugates. These therapies provide new hope for TNBC treatment. Based on the
analysis and classification of TNBC, this article summarizes the immunotherapy, targeted therapy, and new treatment combinations,
providing references for the precise treatment of TNBC in the future.
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Introduction
Breast cancer is currently the most common malignant tumor in women worldwide. According to data from the
International Agency for Research on Cancer, there were 2.1 million new cases of breast cancer and nearly 700,000 deaths
due to breast cancer globally in 2020." Breast cancer can be classified into hormonal receptor-positive (HR), HER2-
positive, and triple-negative breast cancer (TNBC) based on molecular markers. TNBC, which accounts for 15-20% of all
breast cancers, is a type of malignant tumor with a poor prognosis. It is characterized by negative expression of estrogen
receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2), and its high degree of
biological heterogeneity and invasiveness, make it the most aggressive and heterogeneous type of breast cancer.> Due to
its unique biological behavior, it is insensitive to endocrine therapy and traditional HER2-targeted therapy, and chemother-
apy is still considered the main systemic treatment for TNBC. However, there is a significant portion of patients who
develop resistance to chemotherapy in clinical practice.* Therefore, identifying therapeutic targets (Such as EGFR, P13k/
AKT/Mtor pathway, etc.) and more effective treatment modalities for TNBC is a clinical challenge and priority that needs to
be urgently addressed.

With the vigorous development of bioinformatics analysis technology and omics research, cancer research is
gradually developing in the direction of multi-omics and refinement. In recent years, a variety of potential therapeutic
targets have been discovered from the aspects of genomics, metabolomics, and proteomics, and many of the research

results have certain clinical transformation value. Therefore, it is a future research direction to formulate corresponding
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treatment plans according to the unique and complex molecular characteristics of tumors of each patient, to achieve
precise treatment of diseases, and to improve treatment efficacy and survival outcomes. This article will summarize the
new progress in the treatment of TNBC, and provide a basis for establishing a precise treatment plan for TNBC in the
future.

Molecular Subtyping of TNBC

TNBC is not a singular tumor but a highly heterogeneous mixed-type tumor, with significant differences in tumor biology
and drug sensitivity among different patients. With the development of detection technologies, researchers can analyze
the biological characteristics of tumors from multiple dimensions such as gene sequences, protein expression, and
metabolism. By identifying specific biological features, they can discover crucial therapeutic targets. Therefore, identify-
ing the molecular subtyping of TNBC will provide a foundation for further finding critical therapeutic targets, developing
targeted drugs, and establishing precise treatment strategies.

Based on different molecular features, multiple methods have been developed to subtype TNBC. In 2011, Lehmann
et al conducted clustering analysis on gene expression profile data of TNBC patients and divided TNBC into six
subtypes, namely basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), luminal androgen receptor (LAR),
mesenchymal (M), and mesenchymal stem-like (MSL).” In 2019, Jiang et al used a transcriptome-wide analysis of
Chinese TNBC samples and categorized TNBC into four subtypes - BLIS, IM, LAR, and MES. They also revealed the
critical molecular targets of each subtype and proposed precise treatment strategies based on molecular subtyping®
(Figure 1).

Immunotherapy

The immune checkpoint receptors, programmed cell death protein 1(PD-1)/ programmed cell death ligand 1 (PD-L1), are
upregulated on activated T cells and are induced in the tumor microenvironment by TNF-y. Tumor cells over-express the
ligand for PD-1 and PD-L1, which inhibits the activation of T cells and cytotoxic T cells through the PD-1/PD-L1 axis,
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shortening the survival time of T cells while weakening their ability to fight against tumor cells, ultimately leading to
cancer immune escape.’ Preclinical studies have also found that blocking the PD-1/PD-L1 pathway can increase
macrophage phagocytosis, thereby slowing tumor growth and extending survival time in mouse models® (Figure 2).

PD-LI Monotherapy for Advanced TNBC

TNBC is more responsive to immune checkpoint blockade therapy than other subtypes of breast cancer due to its higher
level of immunogenicity, tumor-infiltrating lymphocytes (TILs), and PD-L1 expression. Atezolizumab, a PD-L1 inhi-
bitor, is an Fc-humanized monoclonal IgG1 antibody that selectively binds to and inhibits the interaction of PD-1 and
B7.1 receptors with PD-L1, leading to increased T cell sensitivity to tumors. In a Phase I study of a clinical trial, the
safety and antitumor activity of atezolizumab were evaluated in metastatic TNBC patients, showing good clinical
outcomes and potential benefits. Atezolizumab is now a first-line immunotherapy drug for survival benefits in metastatic
TNBC patients.” Although monotherapy is effective, most TNBC patients have a poor response to single-agent
immunotherapy; therefore, adding chemotherapy drugs can directly stimulate T and B cell responses, improve the
tumor immune microenvironment, and enhance tumor immunity through phagocytosis, exerting a multi-effect regulatory

role.!%!!

PD-LI in Combination with Chemotherapy is Used for Advanced TNBC

According to the results of the Phase III IMpassion130 trial, the combination of atezolizumab with albumin-bound
paclitaxel demonstrated significant improvement in progression-free survival (PFS) when compared to the placebo
plus albumin-bound paclitaxel group. Additionally, there was a significant benefit in overall survival (OS) within
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Figure 2 lllustrative diagram of drug treatment mechanisms for triple-negative breast cancer.
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the PD-L1 positive subgroup.'®'® These results suggest that atezolizumab in combination with albumin-bound
paclitaxel is an important first-line treatment for patients with metastatic or locally advanced TNBC. In the phase
III IMpassionl31 trial, patients were randomized to receive atezolizumab plus paclitaxel or placebo plus pacli-
taxel. Adding atezolizumab to paclitaxel did not improve PFS in the PD-L1 positive population. The median PFS
for the atezolizumab plus paclitaxel group and the placebo plus paclitaxel group were 6 months and 5.7 months,
respectively. The final results showed no difference in OS between the two groups. It is speculated that the reason
for this could be the use of steroids, which may have weakened the effect of the immune checkpoint inhibitor, as
patients in IMpassionl131 received more steroids than those in IMpassion130.'

PD-LI in Combination with (Neo) Adjuvant Chemotherapy is Used for Early-Stage
TNBC

In the phase III IMpassion031 trial, untreated stage II-III TNBC patients were randomized to receive chemother-
apy in combination with atezolizumab or a placebo. Chemotherapy consisted of albumin-bound paclitaxel. The
pathological complete response rate for the placebo group was only 41.4%, while the atezolizumab group was
57.8%, indicating that adding atezolizumab to neoadjuvant chemotherapy significantly improved the patient’s
pathological complete response (PCR) rate and safety.'” Another animal experiment demonstrated that as neoad-
juvant therapy, paclitaxel chemotherapy plus PD-L1 inhibitor significantly improved the OS of mice compared to
paclitaxel chemotherapy plus anti-VEGF-A antibody.'® In addition, a Phase II GepaarNUEVO randomized trial
compared the efficacy of neoadjuvant chemotherapy plus durvalumab with placebo in untreated early-stage TNBC
patients. According to the latest results, there was no significant difference between the durvalumab group and the
placebo group in the primary endpoint of PCR. However, significant differences were observed in the secondary
endpoints of disease-free survival (DFS) and OS, with 3-year OS rates of 95.2% and 83.5% for the chemoimmu-
notherapy group and chemotherapy group alone, respectively. The researchers concluded that adding durvalumab
to neoadjuvant chemotherapy significantly improved the long-term outcomes of TNBC patients.'’

Ongoing studies include a trial (NCT03281954) investigating whether neoadjuvant chemotherapy in combina-
tion with atezolizumab is superior to chemotherapy plus placebo given before breast cancer surgery, but the joint
primary endpoints of PCR and event-free survival (EFS) are yet to be reported further.'® An open-label phase IIIb
global study (NCT04148911) is observing the efficacy of atezolizumab plus albumin-bound paclitaxel in partici-
pants with unresectable locally advanced or metastatic PD-L1 positive TNBC. Another study (NCT03371017) is
evaluating the efficacy and safety of atezolizumab in combination with chemotherapy compared to placebo plus
chemotherapy in patients with unresectable recurrent TNBC.

Programmed Death-1 (PD-1) Monotherapy is Effective in Treating Advanced TNBC

Pembrolizumab, a PD-1 inhibitor, was first proposed for TNBC treatment in 2014. The KEYNOTE-012 trial confirmed the
safety and antitumor activity of pembrolizumab monotherapy in advanced TNBC patients.'® In the phase Il KEYNOTE-086
trial, subjects were divided into cohort A and cohort B. Cohort A included previously treated patients with metastatic TNBC,
while cohort B included treatment-naive patients with metastatic TNBC. All patients in cohort B were PD-L1 positive, while
61.8% of patients in cohort A were PD-L1 positive. The results indicated that pembrolizumab as the first-line treatment for
PD-L1 positive metastatic TNBC had significant efficacy.”® However, the phase IIl KEYNOTE-119 trial, which recruited
622 patients with metastatic TNBC, showed that the OS of the pembrolizumab group was 10.7 months, while the
chemotherapy group was 10.2 months. Improvement in OS was observed with increasing PD-L1 enrichment in tumors
classified as PD-L1 positive. Overall, the pembrolizumab group did not significantly improve the OS of previously treated
metastatic TNBC patients compared to chemotherapy.?' This difference may be due to the development of drug and immune

resistance in patients previously treated with systemic therapy.
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Efficacy of PD-1 in Combination with Chemotherapy in Treating Advanced TNBC

In a phase III first-line study (KEYNOTE-355) targeting patients with metastatic TNBC, untreated patients with locally
recurrent or metastatic TNBC were randomly assigned to receive chemotherapy plus placebo or pembrolizumab plus
chemotherapy. The results showed that compared to chemotherapy plus placebo, the pembrolizumab plus chemotherapy
group significantly improved PFS in patients with a higher expression of PD-1. The median PFS for pembrolizumab plus
chemotherapy was 9.7 months, while the median PFS for chemotherapy plus placebo was 5.6 months. Pembrolizumab
plus chemotherapy significantly improved PFS in patients with CPS>10 metastatic triple-negative breast cancer com-
pared to the placebo chemotherapy group.*

PD-1 Combined with Neoadjuvant Therapy for Early-Stage TNBC

The latest development in the treatment of early-stage TNBC is the addition of immune checkpoint inhibitors to
neoadjuvant chemotherapy, which has shown significant advantages in terms of EFS and PCR. The results of
a systematic review indicate that regardless of PD-L1 status, compared to placebo, pembrolizumab has better efficacy
in early-stage TNBC patients.”> A Phase 1b open-multi-cohort KEYNOTE-173 study showed that neoadjuvant che-
motherapy combined with pembrolizumab treatment in high-risk, early-stage TNBC patients resulted in lower toxicity
and effective anti-tumor activity.>* In addition, in the KEYNOTE-522 study, previously untreated stage II or Il TNBC
patients who received neoadjuvant therapy were randomly assigned in a 2:1 ratio to receive standardized chemotherapy
drugs. Midterm analysis showed that in early-stage triple-negative breast cancer patients, compared to those who only
received chemotherapy, the addition of pembrolizumab to chemotherapy significantly increased the PCR rate, and
pembrolizumab combined with chemotherapy was superior to chemotherapy alone. Furthermore, patients who continued
to use pembrolizumab after surgery had significantly prolonged EFS.> Based on the positive results of the KEYNOTE-
522 study, the FDA approved the combination of pembrolizumab and chemotherapy as neoadjuvant therapy and
continued use of pembrolizumab as adjuvant therapy in patients with high-risk early-stage TNBC after surgery.

Ongoing PD-1 studies include a multicenter phase II trial (NCT05068141) aimed at evaluating the efficacy and safety
of PD-1 in combination with albumin-bound paclitaxel in advanced TNBC patients; a randomized phase II trial
(NCT05809895) studying whether the combination of tislelizumab and chemotherapy can improve PFS in breast cancer
patients; and another trial (NCT05447702) evaluating the efficacy and safety of camrelizumab in combination with
apatinib and chemotherapy as neoadjuvant therapy for TNBC patients.

In summary, current studies suggest that compared to single-agent chemotherapy, the use of combination chemother-
apy and immunotherapy in treating TNBC patients can significantly improve anti-tumor effects. Furthermore, early
combination therapy, which involves the addition of immunotherapy to neoadjuvant chemotherapy, may have better and
more long-lasting anti-tumor effects.

Immunotherapy Combined with Radiotherapy

Radiotherapy has a dual effect of inducing DNA damage-mediated tumor cell death and immune modulation, which can
make the tumor microenvironment more inflammatory and promote immune modulation. A study evaluated the efficacy
and safety of the combination of pembrolizumab and radiotherapy in metastatic TNBC patients. The results showed that
the overall response rate (ORR) of patients in the pembrolizumab combined with the radiotherapy group was 17.6%, and
it was found that the combination of the two was safe and showed encouraging results in patients with poor prognosis
and metastatic TNBC.?

The combination of immunotherapy and radiotherapy is promising in the treatment of TNBC and provides a new
treatment direction for advanced TNBC patients. Ongoing studies on radiotherapy combined with immunotherapy
include a phase II study (NCT04690855) aimed at evaluating the efficacy and safety of talazoparib, radiotherapy, and
atezolizumab in PD-L1-positive metastatic TNBC patients; a phase II clinical trial (NCT03483012) that observes
whether the combination of atezolizumab and stereotactic radiosurgery can enhance the immune response of TNBC
patients to cancer, as well as the efficacy and safety of treatment; and a phase II study (NCT04837209) that evaluates the
safety and effectiveness of the combination of durvalumab, niraparib, and radiotherapy in metastatic TNBC.
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Cytotoxic T-Lymphocyte-Associated Protein 4 (CTLA-4)

CTLA-4 is a member of the immunoglobulin-related receptor family that competitively binds to CD80 dimers and CD86
monomers on antigen-presenting cells (APCs) in order to inhibit the co-stimulatory process of T cells, and can also
inhibit autoimmune responses by suppressing TH17 (T helper subsets) differentiation and activating treg cells.”’
Currently, clinical CTLA-4 antagonists include ipilimumab and tremelimumab. One trial showed that combination
therapy with ipilimumab and nivolumab had good efficacy in treating TNBC patients, with patients benefiting from
it.*® In vitro, studies have shown that ipilimumab affects the regulation of the tumor microenvironment and increases
immune responses by releasing IL-2.>° Another clinical study included recurrent malignant tumor patients who were
observed to have enhanced CTLA-4 expression and increased levels of activated T lymphocytes after a single infusion of
ipilimumab.*®

DNA Damage Repair and Targeted Therapy with PARP Inhibition
Poly (ADP-Ribose) Polymerase Inhibitors (PARPi) as Monotherapy and in

Combination with Chemotherapy for TNBC

Poly ADP-ribose polymerase (PARP) is a superfamily of 18 proteins that control genetic stability and DNA repair by
participating in the DNA base excision repair pathway. PARP-1 and PARP-2 proteins are induced by DNA breakage and
are involved in the DNA repair process. Therefore, PARP inhibitors are important therapeutic drugs for BRCA-mutated
TNBC. In a randomized phase IIl OLYMPIA trial (NCT02032823) evaluating olaparib in patients with germline BRCA-
mutated and high-risk HER2-negative primary breast cancer who have completed local treatment or neoadjuvant or
adjuvant chemotherapy, the primary outcome being PFS. In the TNBC subset, the median PFS in the olaparib group was
significantly longer than that in the standard treatment group, with a 3-year disease-free survival of 85.9% in the olaparib
group and 77.1% in the placebo group.’’ In the phase III randomized controlled OlympiAD trial (NCT02000622),
olaparib monotherapy was compared with standard treatment in patients with germline BRCA-mutated and HER2-
negative metastatic breast cancer. Patients were randomly assigned to receive olaparib tablets or TPC (capecitabine,
eribulin, or vinorelbine) therapy. The median OS in the olaparib group was 19.3 months, compared to 17.1 months in the
TPC group. Although there was no significant improvement in OS in the olaparib group compared with TPC, there may
be a meaningful benefit in terms of OS for patients who have not received chemotherapy for metastatic disease.’” While
PARP inhibitors have shown good efficacy in TNBC, the issue of some TNBC cases being insensitive to PARP and
acquired treatment resistance in BRCA-mutated cancer remains a problem in long-term studies. Therefore, PARP
inhibitors have been studied in combination with platinum agents or other homologous recombination sensitizers to
sensitize cancer cells. An ongoing phase II BROCADE3 trial (NCT02163694) is evaluating the comparison between
veliparib in combination with carboplatin and paclitaxel versus placebo in combination with platinum and paclitaxel in
breast cancer patients with BRCA1 or BRCA2 and HER2-negative metastatic or locally advanced unresectable breast
cancer. The median PFS in the veliparib group was 12.5 months, compared to 6.14 months in the control group. Further
analysis showed that the PCR rate in the veliparib plus carboplatin and paclitaxel group and the control group were 51%
and 26%, respectively, indicating a better efficacy in the veliparib group.’® In the GeparOLA trial (NCT02789332), the
efficacy and safety of paclitaxel combined with olaparib in TNBC were studied. Patients were randomly assigned to
receive either paclitaxel plus olaparib (PO group) or paclitaxel plus carboplatin (PCb group), followed by the use of
epirubicin/cyclophosphamide. Subgroup analysis showed that the PCR rate was higher in the PO group than in the PCb
group.®*

Clinical Studies of PARPi in Combination with Immunotherapy for TNBC

PARP inhibitors increase T-cell activity and stimulate antigen-presenting cells, making them an effective combination
target for inducing an immune response. Preclinical models have shown that the combination therapy of PARP inhibitors
and anti-PD-L1 drugs significantly improves treatment outcomes compared to the use of either drug alone.*> The phase
IIT TOPACIO/KEYNOTE-162 trial evaluated the efficacy of the PARP inhibitor niraparib in combination with pem-
brolizumab for the treatment of metastatic TNBC. It was found that patients with BRCA1/2 mutations (ORR 47%) and
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those with a PD-L1 CPS>1 score responded better (ORR 32%) than other groups. In the combination therapy, 4% of
patients experienced grade 3 immune-related adverse events, and no higher-level immune toxicity was observed. The
results indicate that niraparib in combination with pembrolizumab offers promising anti-tumor activity in patients with
advanced or metastatic TNBC, with a higher response rate observed in patients with BRCA mutations.*® Additionally,
the feasibility of combining anti-PD-L1 drugs with PARP inhibitors for breast cancer was also confirmed in the
MEDIOLA trial, where the use of durvalumab in combination with olaparib in BRCA-mutated breast cancer patients
resulted in an ORR of 63%, an mPFS of 8.2 months, and a MOS of 20.5 months.*’

Ongoing studies: Several randomized trials are underway to further evaluate the efficacy of PARP inhibitors in
combination with ICI and chemotherapy in TNBC, including the phase II/IIl MK-7339-009/KEYLYNK-009 trial
evaluating maintenance therapy (NCT04191135); a phase II randomized trial evaluating the efficacy of olaparib in
combination with atezolizumab in BRCA-mutated patients (NCT02849496); another phase II/III study (NCT04191135)
exploring the therapeutic effect of combining olaparib with pembrolizumab and chemotherapy in advanced or metastatic
TNBC patients; a study (NCT03801369) evaluating the efficacy of durvalumab plus olaparib in the treatment of
advanced TNBC; and a trial (NCT02163694) evaluating the efficacy of veliparib in combination with carboplatin and
paclitaxel in patients with advanced breast cancer and BRCA mutation.

PI3K/AKT/mTOR Pathway

The PI3K/AKT/mTOR signaling pathway is implicated in cancer development and treatment resistance. In TNBC, the
PI3K gene is the second most commonly detected mutation after TP53, and PI3K mutations are frequently observed in
residual TNBC. Targeting the relevant targets in the PI3K/AKT/mTOR signal transduction pathway could become a new
treatment strategy for TNBC. Therefore, two promising phase II trials were designed to target the PI3K pathway, which
is altered in about 30% of TNBC and has preclinical evidence of sensitivity to PI3K inhibitors. The PAKT trial showed
that adding an AKT inhibitor (capivasertib) to first-line paclitaxel treatment in TNBC significantly prolonged PFS and
0S. The benefit of PIK3CA/AKT1/PTEN alterations was even more pronounced in tumor patients.*® The LOTUS trial
compared first-line treatment of metastatic triple-negative breast cancer using paclitaxel with or without ipatasertib.*”
The phase I FAIRLANE study also evaluated the efficacy of ipatasertib in combination with paclitaxel in early-stage
TNBC and found that the ipatasertib group had a higher PCR rate in patients with mutations in the PI3K/AKT/mTOR
signaling pathway than the placebo group.*’ In summary, multiple preclinical studies have shown that PI3K/AKT/mTOR
signaling pathway inhibitors are effective in patients carrying key mutations in the pathway. Despite the promising
results, there are still some shortcomings in this field, such as drug-induced adverse effects and bypass activation, which
require further targeted exploration.

Epidermal Growth Factor Receptor (EGFR)

EGFR has ligand-induced tyrosine kinase activity, playing an important role in the cell cycle by promoting tumor cell
division, and proliferation, and stimulating primary tumor occurrence and metastasis. EGFR is overexpressed in about
70-78% of basal-like TNBC samples, making it an effective therapeutic target, especially for BL2 subtype tumors with
enhanced EGFR gene expression.*’ Gefitinib (EGFR inhibitor) can reduce cancer cell proliferation and enhance the
effects of carboplatin and docetaxel, and the combination of gefitinib with other targeted drugs can inhibit tumor growth.
In the phase II clinical trial of neoadjuvant chemotherapy with paclitaxel plus cyclophosphamide in ER-negative early-
stage breast cancer patients, patients were given either gefitinib as an addition or a placebo, the results showed that the
PCR rates were 17% and 12% for the gefitinib and placebo groups, respectively, with a statistically significant difference
between TNBC and non-TNBC patients, suggesting that TNBC is more sensitive to gefitinib.*

Vascular Endothelial Growth Factor (VEGF)

The growth of endothelial cells in blood vessels combined with its corresponding receptor VEGF can promote tumor
angiogenesis, increase blood vessel permeability, and stimulate tumor proliferation and metastasis. Studies have found
that the expression levels of VEGF in TNBC patients (especially the BLIS subtype) are significantly higher than in non-
TNBC patients, thus anti-angiogenic drugs such as apatinib and bevacizumab can effectively prevent tumor development.
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The Gepar Quinto trial found that the addition of bevacizumab to anthracycline-based and taxane-based neoadjuvant
therapy for TNBC can significantly increase the patient’s PCR rate.*> However, due to a high rate of early discontinua-
tion and long treatment duration, the clinical application of bevacizumab treatment has been impacted to a certain extent.
Tumor angiogenesis is a complex process, and to achieve anti-angiogenic treatment for tumors, a series of molecular
mechanisms and precise target studies are required, as well as further clinical trial evaluations of the efficacy and adverse
reactions of anti-angiogenic treatment.

Ganglioside GD2

Breast cancer stem cells (BCSCs) are associated with tumor initiation, metastasis, and chemoresistance. Ganglioside
GD2 is upregulated in primary TNBC tumors compared to normal breast tissue and can identify BCSC. Further research
by Battula et al on targeted BCSC markers revealed that GD2 is a cell surface marker expressed in subsets of breast
cancer cells and promotes tumorigenesis, suggesting that GD2 is a tumor-specific marker in TNBC patients.** Currently,
many studies are developing novel inhibitors targeting the GD2 biosynthetic pathway, with the most promising results
being the production of antibodies targeted against GD2 biosynthesis. Dinutuximab is the first FDA-approved anti-GD2
antibody used as a first-line treatment for pediatric neuroblastoma patients. Recently, studies by Lyet et al have shown the
potential use of detuximab in TNBC treatment.*> These promising results may pave the way for the development of
a TNBC therapy.

HIF-1a is a Critical Target in the Regulation of TNBC

Recent studies have shown that NF-kB, RAS-RAF-MEK-ERK, PI3K/Akt/mTOR, and JAK-STAT signaling pathways
regulate the expression of HIF-1a, which in turn drives TNBC cell proliferation, angiogenesis, and BCSC enrichment.
HIF-1a regulates the transcription of multiple target genes, inducing glycolysis, angiogenesis, invasion and metastasis,
tumor stems cell enrichment, and immune escape.*®** Therefore, in TNBC, HIF-1a primarily induces tumor angiogen-
esis by regulating the expression of VEGF, hepatocyte growth factor, vascular cell adhesion molecule 1, and VEGFR
receptors. However, although targeting HIF-la brings new hope for TNBC patients, they still face challenges.*’
Currently, no drug has been approved for TNBC, and drugs that regulate HIF-1a expression are mainly focused on
preclinical studies, with their actual clinical effects, patient tolerability, and drug regimens still to be further evaluated
and validated.

Antibody-Drug Conjugate (ADC)

ADC is a new type of anti-tumor drug formed by covalently linking cytotoxic drugs and monoclonal antibodies.
Monoclonal antibodies bind to antigens on target cells (ie cancer cells) and deliver the chemotherapy drugs to the
cancer cells. In addition to the powerful killing effect of traditional chemotherapy drugs, it has the tumor targeting of
antibody drugs, which can significantly improve the effectiveness and safety of the drug. Sacituzumab govitecan (SG) is
a targeted antibody against trop-2. SG chemically links a monoclonal antibody hRS7 IgGlxk targeting trop-2 with the
effective payload SN-38 through the cleavable CL2A connector. In vivo, SG binds to trop-2 on the surface of tumor cells,
enters by endocytosis, and the CL2A connector breaks to release SN-38 to inhibit the DNA and RNA synthesis of tumor
cells and exert a powerful tumor-killing effect.

SG as Monotherapy and in Combination with PARPi for the Treatment of TNBC

In the ASCENT trial (NCT02574455), a randomized phase III study, we evaluated the efficacy of SG compared to
physicians’ choice of single-agent chemotherapy in patients with recurrent or refractory metastatic TNBC. A total of 468
patients were randomly assigned to receive SG or chemotherapy. The median progression-free survival (PFS) was 5.6
months and the median overall survival was 12.1 months for the SG group, while the median PFS was 1.7 months and
the median overall survival was 6.7 months for the chemotherapy group. The patient ORR was 35% in the SG group and
only 5% in the chemotherapy group.’® This benefit is known to be correlated with the level of trop-2 expression in the
tumor.’' Currently, the FDA has approved SG for use in adult patients with metastatic unresectable locally advanced
TNBC who have received at least two prior therapies. Meanwhile, in preclinical models of TNBC, SG induced double-
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strand DNA breaks and enhanced the inhibitory effect of PARP inhibitors regardless of BRCA1/2 mutation status. These
data provide a theoretical basis for an ongoing phase I/II study on the safety and efficacy of SG in combination with
PARP inhibitors for the treatment of metastatic TNBC (NCT04039230).

Ongoing studies: The SASCIA trial (NCT04595565) and NeoSTAR trial (NCT04230109) aim to evaluate the role of
SG in adjuvant therapy and neoadjuvant therapy, respectively. In the randomized phase II Saci-IOTNBC trial
(NCTO04468061), the efficacy of combination therapy with pembrolizumab and SG is being studied for PD-L1-
negative TNBC.>?

Datopotamab Deruxtecan (Dato-DXd, DS-1062a)

Dato-DXd is a novel trop2-targeting antibody-drug conjugate that has been evaluated for its anti-tumor activity and
safety in preclinical models. It has demonstrated effective anti-tumor activity by efficiently delivering the drug to the
tumor cells.”®>* In the TROPION-PanTumor phase I trial (NCT03401385), Dato-DXd was evaluated for ORR in
advanced TNBC patients, which was found to be 34%.%

Ladiratuzumab Vedotin (SGN-LIVIA, LV)

LV is a new ADC that targets the zinc transporter protein LIV-1 with the microtubule inhibitor monomethyl auristatin
E (MMAE) as the payload. LIV-1 is highly expressed in metastatic TNBC, and LV (NCT01969643) as a single agent has
demonstrated good efficacy in treating metastatic TNBC, with an ORR of 32% and a median PFS of 11.3 weeks when
used in combination with pembrolizumab.>® In addition, a preclinical study highlighted that ladiratuzumab vedotin can
induce immunogenic cell death, alter the tumor microenvironment, and enhance the efficacy of immune therapy; a phase
Ib/IT trial (NCT03310957) is evaluating the safety and efficacy of SGN-LIV1A in combination with pembrolizumab for
the treatment of late-stage TNBC, with an ORR of 54% reported and the trial ongoing.>”-*®

Glembatumumab-Vedotin

Glembatumumab-Vedotin is another ADC, targeting NMB, which is overexpressed on the surface of breast cancer cells.
Glembatumumab is a monoclonal antibody targeting the extracellular domain of NMB glycoprotein, conjugated with
monomethyl auristatin E.>* A study targeting recurrent breast cancer patients expressing NMB glycoprotein, including
HER-2 positive tumors and TNBC, showed low objective response rates of approximately 6% and 7%, respectively.®’
However, when analyzing only the TNBC group, a better response rate was detected, with the ADC response rate at 18%
compared to 0% for conventional chemotherapy patients. These results can be attributed to the expression of NMB
glycoprotein, which is much higher on the surface of TNBC cancer cells compared to HER-2-positive cells, suggesting
CDX-011 can be used for TNBC treatment.

Conclusion and Future Perspective

TNBC is a subtype of breast cancer that is highly malignant, prone to recurrence and metastasis, and has a poor
prognosis. It is insensitive to endocrine therapy and traditional anti-HER?2 targeted therapy, and chemotherapy is the main
treatment method. Although the use of chemotherapy in solid tumors is rapidly developing, it has not yet achieved good
efficacy. With the development of omics and the in-depth study of TNBC molecular subtypes, targeted therapy and
immunotherapy are changing the clinical practice of TNBC, and TNBC molecular subtype-guided treatment strategies
are expected to contribute to precision treatment. Currently, immune checkpoint blockade with atezolizumab or
pembrolizumab and ADC drug SG provide partial benefit to patients. However, the existing treatment options are still
limited, and there are still many issues and challenges in improving the efficacy of TNBC, such as a comprehensive
analysis of the TNBC ecosystem, the development of clinically accessible new targets, exploration of better drug
combination strategies, and research on resistance mechanisms, etc. In the future, further understanding of TNBC
heterogeneity is needed, including the unique characteristics of each patient and the conduct of precise clinical trials.
More research is needed to improve the efficacy of existing drugs and overcome resistance, to further improve the
prognosis of TNBC patients. We believe that with the further development of TNBC-targeted therapy strategies, TNBC
patients will have the opportunity to achieve better clinical outcomes.
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