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Abstract. Triple-negative breast cancer (TNBC) stands as the most aggressive kind of breast
cancer, characterized by a terrible prognosis. TNBC is more prevalent in patients under 40 years
old and in those with BRCA1 mutations. Treatment for TNBC typically involves chemotherapy,
radiation therapy, targeted therapy, immunotherapy, and other approaches. However, the
discovery of new therapeutic interventions is hampered because of the absence of precisely
defined targets, making immunotherapy a prospective option for giving greater benefits to TNBC
patients. Based on numerous clinical studies, we explore the research development of various
immune checkpoint inhibitors in the therapies of TNBC in this review. Programmed death-1
(PD-1) inhibitors, programmed death-ligand 1 (PD-L1) inhibitors, cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4) inhibitors, antibody-drug conjugates, and PARP inhibitors are
among these inhibitors. Additionally, we briefly introduce novel immunotherapies and
combination therapies.
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1. Introduction
TNBC is breast cancer that expresses neither progesterone receptor (PR), estrogen receptor (ER), nor
human epidermal growth factor receptor-2 (HER-2). One in six occurrences of breast cancer are caused
by it, with a 5-year recurrence and metastasis rate of 15% and a survival rate of approximately 15% after
5 years. Compared to other subtypes, TNBC has a worse prognosis and a higher chance of recurrence.
In TNBC immunotherapy, the immune system's activation is critical. The immune system can resist
foreign or internal bacteria, viruses, and other harmful ingredients, and it prevents tumor growth and
reduces the possibility of metastasis by monitoring, recognizing and destroying cancer cells in real time.
To protect healthy cells, the immune system uses immunological checkpoints to perform self-control
[1]. This method is based on the recognition and binding of T cell receptors (TCRS) to antigens contained
in major histocompatibility complexes (MHCs) on the surface of antigen presenting cells (APCs).
CTLA-4,PD-1, and PD-L1 are all related to T cell immune response inhibition.
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With 288 amino acids, PD-1 is a transmembrane protein. The protein’s structure contains
extracellular IgV domains, a transmembrane region, and a intracellular tail region. PD-1 inhibits TCR
signaling, as evidenced by the two phosphorylation sites found in the immunoreceptor tyrosine-based
switch and inhibitory motif in the intracellular tail region. The PDCD1 gene encodes the human PD-1
protein. One of the ligands of PD-1, PD-L1, is a protein that the human CD274 gene encodes. This
protein is also a transmembrane, weighing 40 kDa in molecular weight. T cell proliferation is inhibited
by signals transmitted by the combination of PD-L1 and PD-1 on T cells. A protein receptor which
functions as an immunological checkpoint and suppresses immune responses is called CTLA-4, or
CD152. The human CTLA-4 gene encodes the CTLA-4 protein. This protein includes an extracellular
V domain (VL), a transmembrane domain, and a cytoplasmic tail region.

Immunotherapy has reflected promising results in many diseases of gastric cancer, kidney cancer,
melanoma and so on. In TNBC, monoclonal antibodies, alone or in conjunction with various treatments
involving chemotherapy, radiation, neoadjuvant therapy, and targeted therapy, seem promising in both
beginning and later stages of the disease.

2. The difficulty of treating TNBC in comparison to other types of breast cancer

TNBC is distinguished by early onset, high malignancy and invasiveness, poor prognosis, and high
recurrence rate. ER, PR and HER-2 are important anti-cancer targets for other breast cancers. The
negative expression of ER, PR and HER-2 means that these three receptors are not expressed on the
surface of breast cancer cells, or their expression levels are low, which will limit endocrine therapy,
targeted therapy, hormone therapy, etc. Common traditional treatments include chemotherapy and
cytotoxic therapy. Although chemotherapy can reduce the risk of recurrence of TNBC, the overall
survival rate has not significantly improved; cytotoxic therapy can cause severe cardiac toxicity and
damage the gastrointestinal tract. Therefore, in recent years, with the continuous enrichment of treatment
methods, immunotherapy, including combination with other treatments, has shown great potential to
have relatively greater survival benefits for TNBC patients.

3. Overview of TNBC immunotherapy

According to current clinical trials and drug research, TNBC immunotherapy mainly includes the
following: checkpoint inhibitor therapy, antibody-drug conjugate therapy, PARP inhibitor therapy, and
some other novel immunotherapy methods (Figure 1).
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Figure 1. Common therapies for TNBC immunotherapy.

3.1. Immune Therapy with Checkpoint Inhibitors

Currently, ongoing clinical studies with immune checkpoint inhibitors can be broadly categorized into
two types: monotherapy and combination therapy with other drugs. The latter is frequently used for
treating locally progressed or metastatic triple-negative breast cancer (mTNBC). In clinical practice,
most immune drugs are monoclonal antibodies targeting PD-1 and PD-L1, as well as some commonly
used monoclonal antibodies against CTLA-4, Lymphocyte activation gene-3 (LAG-3), etc.
Chemotherapy combined with immune therapy has been proven to possess safety and tolerance in other
malignancies. Pure chemotherapy may generate new antigens and disrupt tumor immune evasion
mechanisms [2]. Some cancers also have a low response rate to single-dose immune checkpoint blocking,
so chemoimmunotherapy will have a better effect in clinical treatment and even have a certain
synergistic effect.

3.1.1. PD-1 Inhibitors. Pembrolizumab refers to a humanized monoclonal immunoglobulin G4
antibody which connects to the PD-1 and suppresses its interaction with PD-L1 and PD-L2 [3,4]. The
use of pembrolizumab is one of the methods for clinical treatment of mMTNBC. In a study, conbined with
pembrolizumab (immunotherapy) and eribulin (chemotherapy) was effective in treating mTNBC. The
study included 167 individuals, with 7 in stage Ib and 160 in stage Il. Group 1 had 66 patients that had
never been treated before. The objective response rate and overall response rate (ORR) were both 25.8%;
Group 2 included 101 patients who had already had therapy, and the ORR was counted as 21.8%.
Patients with PD-L1* tumors had a statistically greater ORR (combined positive score 1) than patients
with PD-L1" tumors [5]. Another phase Il clinical trial with pembrolizumab combination therapy, in
comparison to a historical placebo group, patients received an intravenous injection of 200mg paclitaxel
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and oral therapy of 1000mg/m2 capecitabine every two days in the first two weeks of a twenty-one-day
regimen. The main outcome was median progression-free survival (mPFS), while other outcomes were
ORR, safety, and tolerability analysis, all of which showed significant improvement in the results.
Compared with a historical control group treated with capecitabine alone, it was found that 80% of the
subjects showed significant improvement in mPFS after adding paclitaxel for 2 months [6]. In the
treatment of TNBC, the use of Pembrolizumab can improve event-free survival rate, but the prognosis
still needs to be optimized to reduce the occurrence of adverse events (AES) such as pneumonia, rash,
and fatigue.

Nivolumab refers to a monoclonal antibody which targets the immunological checkpoint receptor
PD-1 on the surface of T cells. Nab-paclitaxel has shown significant efficacy in other solid tumors, but
clinical research on TNBC is still limited and currently in the in vitro research stage [7].

3.1.2. Inhibitors targeting PD-L1. Durvalumab is a human immunoglobulin G1k (IgG1«) monoclonal
antibody which can inhibit the cooperation of PD-1 and PD-L1. In a clinical trial of durvalumab together
with olaparib and paclitaxel, 73 participants randomly received standard paclitaxel neoadjuvant
chemotherapy (DOP), and 299 participants received standard care (paclitaxel) control group. The
combined efficacy of durvalumab and Olaparib raised the expected pathological complete response
(pCR) rate from 20% to 37% (exceeding the control), from 27% to 47% in TNBC. AEs included thyroid
dysfunction, fatigue, pneumonia, etc. [8].

Atezolizumab is an IgG1 monoclonal antibody which has been humanized and designed to be anti-
PD-L1. In terms of efficacy, atezolizumab combined with albumin-bound paclitaxel can improve the
treatment effect of TNBC, although this method significantly prolongs overall survival (OS) effect, this
combination therapy also significantly alters PFS and ORR. However, compared with the use of
albumin-bound paclitaxel alone, this combination produces greater toxicity [9]. There were 68 patients
in a phase 2b clinical trial using atezolizumab coupled with anthracycline drugs for the treatment of
mTNBC [10]. In the first group of 40 patients who got pegylated liposomal doxorubicin and
cyclophosphamide at a low intensity, 18% experienced AEs, while the second group of 28 patients who
received placebo, 7% experienced AEs [10]. In this study, the PFS of Group 1 improved after several
months. After 15 months, the PFS of Group 1 further improved, with a rate of 14.7%, while the
progression-free rate of Group 2 was 0% [10]. The combination therapy of atezolizumab monoclonal
antibody had a higher incidence of AEs compared to monotherapy, mainly involving dermatology,
gastrointestinal tract, and hematology, such as lymphadenopathy and subcutaneous nodules in the limbs
[11].

Avelumab refers to an immune checkpoint inhibitor which blocks the PD-1 and PD-L1 pathway but
doesn’t influence their relationship against human 1IgG1 monoclonal antibody which targets PD-L1. In
a phase 1b study of JAVELIN solid tumor, there were 168 metastatic breast cancer (MBC) patients,
comprising 58 TNBC patients, received avelumab treatment for 2-50 weeks. 13.7% of all experienced
grade >3 treatment-related AEs, involving two cases of treatment-related deaths. The main AEs were
fatigue, nausea, and hypothyroidism. The confirmed ORR for TNBC patients was 3.0% and 5.2%. PD-
L1*tumor-infiltrating immune cells demonstrated a better ORR than PD-L1- tumor-infiltrating immune
cells in the total sample (16.70% vs 1.60%) and the TNBC subset (22.20% vs 2.60%) [12]. As a result,
in a subgroup of TNBC patients, avelumab demonstrated adequate safety and clinical efficacy.

3.1.3. Inhibitors targeting CTLA-4. One of the earliest immune checkpoint medications to target the
CTLA-4 pathway was tremelimumab. This IgG2 monoclonal antibody inhibits the interactions of the
antigen-presenting cell ligands B7-1 (CD80), B7-2 (CD86), and CTLA-4 receptor generated on
activated T cells, leading to an anti-tumor effect. There were 18 evaluable patients in a single-arm pilot
study, 11 ER" and 7 TNBC, and only three patients have the response (ORR=17%), hence the project
didn’t progress to Phase 2. It can be seen that pertuzumab has a better clinical benefit rate in TNBC, but
attention should also be paid to the occurrence of AEs such as rash and hepatitis [13].
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Ipilimumab is a CTLA-4 pathway antagonist. It is a human IgG1 monoclonal antibody which blocks
to the CTLA-4 receptor on activated T cells. Despite multiple clinical trials for the therapyt of tumors
that are solid, there has been minimal research on the efficacy and toxicity of TNBC. A total of 19
individuals were included in a clinical trial testing ipilimumab in breast cancer patients, with 12
receiving ipilimumab treatment. Among these 12 patients, 6 received ipilimumab monotherapy, and the
remaining 6 patients received cryoablation treatment in addition to ipilimumab monotherapy. Following
combination immunotherapy, there was a rise in T helper type 1 cytokines in the tumor. Therefore, the
combined use of ipilimumab and cryoablation may be beneficial for the therapy of breast cancer. This
medication may cause diarrhea, constipation, and other side effects [14].

3.1.4. Other monoclonal antibody drugs and other targets. Dostarlimab is a PD-1 receptor antagonist
presently being tested in clinical trials for the therapy of many different malignancies. Cemiplimab is a
monoclonal 1gG1 antibody which inhibits the PD-1 pathway. LAG-3 is a novel immunological therapy
target that, in conjunction with PD-1, suppresses T cell activity [15]. Fianlimab (REGN3767) is another
LAG-3 targeting antibody being tested as a neoadjuvant therapy with cemiplimab. Other immunotherapy
techniques targeting checkpoint inhibitors are being studied, including VISTA [16], TIGIT [17], 4-1BB,
and OX40 [18,19].

3.2. Antibody-Drug Conjugates (ADCs)

ADC is a targeted biopharmaceutical composed of monoclonal antibodies, linkers, and drugs, which
uses monoclonal antibodies as carriers to transport small molecule drugs to tumor cells for action.
According to the most recent research findings, Trophoblast cell-surface antigen 2 (Trop-2) is a viable
target for anti-tumor therapy due to its high level of expression on the surface of feeding layer cells.
Trop-2 is a transmembrane calcium signal transduction factor which is represented in humans by the
TACSTD2 gene. It is commonly overexpressed in several forms of malignant epithelial cancers,
including breast cancer [20]. Trop-2 actively interacts with multiple critical molecular signaling
pathways that have historically been linked to cancer formation and progression, hence contributing to
tumor progression.

Sacituzumab-govitecan-hziy (SG) refers to an anti-Trop-2 antibody-drug combination that has
showed significant therapeutic results in patients with mTNBC when compared to chemotherapy. PFS
and OS were both superior to monotherapy [21]. Patients with moderate or high Trop-2 expression
showed the best efficacy. In a clinical trial including 468 patients, 235 were given SG and 233 were
given chemotherapy (median age 54 years, all previously treated with paclitaxel). The mPFS with SG
treatment was 5.6 months, 3.9 months higher than chemotherapy. Three patients in each group died
following AEs, but none of the deaths were considered related to SG treatment [21]. AEs associated
with SG in the treatment of mMTNBC include neutropenia, vomiting, nausea, and dyspnea [22].

3.3. PARP inhibitors

PARP inhibitors are pharmacological inhibitors of poly ADP-ribose polymerase (PARP) that have been
shown to have a significant effect in BRCA-related MBC and to enhance PD-L1 on the tumor cells,
blocking T cell-mediated tumor killing [23]. Although PARP inhibitors are targeted drugs, combining
them with checkpoint inhibitors can restore immune recognition in PARP inhibitor-treated breast cancer
patients. Two regularly used monotherapy PARP inhibitors are olaparib and talazoparib. Table 1
displays the clinical data for both of them.

Olaparib, with the chemical formula C24H23FN4Os and the chemical structure depicted in FIG.2, is
an enzyme involved in DNA repair that is used to block PARP. In the PETREMACII experiment,
patients with primary TNBC more than 2 cm were given olapani alone for 10 weeks before
chemotherapy. 18 of 32 patients (56.3%) exhibited an objective response to olapani. Aside from
hereditary HR mutations, olapani had a high clinical response rate, fewer adverse events, and a low
likelihood of fatigue [24]. Another combination of vastatin with olapani and paclitaxel therapy has been
described above.
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Table 1. The clinical data of Olaparib and Talazoparib.

Drug clinical research therapeutic regimen mPFS (mth) ORR (%)
. OlympiAD . ) 59.90% vs
Olaparib (49.6% TNEC) Olaparib vs chemo-therapy 7 vs 4.2 28.80%
.. EMBRACA . 62.60%vs
Talazoparib (46%TNBC) talazoparib vs che-motherapy 8.6vs5.6 27.20%

Talazoparib, with the chemical formula C19H14F2NsO and the chemical structure shown in FIG.2, is
an oral PARP inhibitor for treating advanced breast cancer with germline BRCA mutations. In a TNBC-
containing test using aviote monoclonal antibodies and tarazopanil, the ORR was 18.2% and the median
duration of remission (MDOR) was 11.1 (3.4-20.4) months; The ORR in the BRCA mutation and DNA
damage repair (DDR) positive breast cancer cohort was 34.8%, and eight of nineteen patients got relief
with DDR positive tumors, including six patients with BRCAL1/2 mutant tumors, with an MDOR of 15.7
months. When the data was shut off, the response of three patients with BRCA mutant malignancies was
nevertheless underway [24]. Anemia, thrombocytopenia, and neutropenia are the main AEs. The
combination of Avelumab and Talazoparib has a good promise for treating TNBC, according to this
experiment [25].
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Figure 2. The chemical structure of Olaparib and Talazoparib.

4. Other novel immunotherapies

Other novel immunotherapeutic methods, such as cancer-testis antigens (CTA), chimeric antigen
receptor-modified T cells (CAR-T), RNA vaccines, as well as novel antigen vaccines, are still under
investigation and some clinical trials have revealed promising therapeutic prospects in.

4.1. Targeting cancer-testis antigens for immunotherapy

CTA is a tumor-associated antigen that has attracted widespread attention as a potential clinical
biomarker in targeted immunotherapy due to its cancer-restricted expression and strong immunogenicity.
Immunohistochemistry was used to evaluate the expression of NY-ESO-1, MAGEAL, MAGE-A4, KK-
LC-1, and PRAME in 51 TNBC patients. KK-LC-1, MAGE-A4, and NY-ESO-1 expression was
substantially greater in TNBC than in non-TNBC; 76.47% of TNBC had at least any one of the five
CTA:s. Patients who have MAGE-A4 or PRAME expression demonstrated substantially longer disease-
free survival [26].

4.2. CAR-T therapy

CAR-T therapy refers to a more precise and efficient immunotherapy. The key barriers to treatment
progress include molecular heterogeneity, low immunogenicity, and a lack of effective medicines, which
the CAR-T therapy method effectively overcomes. This method combines resonant stimulation with T
cell effector function. Although advances in the therapy of resistant hematologic malignancies have been
made, there are still significant hurdles in the application of CAR-T therapy in solid tumors. The
following are the primary barriers to CAR-T therapy in the treatment of solid tumors: 1. Only a subset
of tumor cells contacted by CAR-T express the CAR-T-redirected target antigen; The immune-
suppressive features of the tumor microenvironment limit CAR-T antitumor efficacy; 3. The
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extracellular matrix is an extremely crucial physical barriers linking tumor cells and CAR-T in solid
tumor CAR-T treatment [27]. Many antigens have been discovered as possible targets for CAR-T cell
treatment in TNBC through preclinical models and early clinical trials.

4.3. RNA vaccines

RNA vaccines are synthetic vaccines that are relatively safer compared to traditional vaccines. Their
role is to use RNA to educate cells to generate antigens.Researchers created nanoparticles (NPs) to
deliver mRNA vaccines expressing the tumor antigen MUCL1 to dendritic cells in the lymph nodes in
order to activate and increase tumour-specific T lymphocytes in an RNA vaccination investigation.
CTLA-4 monoclonal antibodies are being combined associated with mRNA vaccines to increase anti-
tumor efficacy. When in comparison with either vaccinations or monoclonal antibodies alone,
combining vaccines with anti-CTLA-4 monoclonal antibodies can remarkably boost anti-tumor immune
responses [28]. This shows that NP-based mMRNA vaccines associated with CTLA-4 inhibitors used to
treat TNBC could be a promising combination immunotherapy.

4.4. Multi-epitope peptide vaccine.

In cancer immunotherapy, multi-epitope peptide vaccines are receiving widespread attention. Currently,
multiple multi-epitope peptide vaccines targeting TNBC are being designed, such as those based on
Semaphorin 4A (Sema4A), myeloid zinc finger protein 1 (MZF1), and SOX9. Sema4A is a signaling
protein recently identified as a major regulatory factor in TNBC progression; MZF1 is a transcription
factor and a carcinogenic inducer of TNBC metastasis; SOX9 is also considered a key regulatory factor
in TNBC metastasis. Using appropriate adjuvants and epitope combinations, these research teams
identified and evaluated the potential of antigen peptide-induced immune responses against Sema4A,
MZF1, and SOX9, and conducted immune simulation studies and computer cloning on the constructed
vaccines, indicating that in the target organisms, the designed chimeric vaccines can elicit robust
humoral and cellular immunological responses [29-31]. Based on this evidence, these types of vaccines
may become a promising therapy for TNBC in the future.

5. Combination therapy

When compared to monotherapy, combination therapy has a greater effect in the therapy of TNBC.
Current first-line treatment options typically include making use of immune checkpoint inhibitors in
conjunction with chemotherapy, as well as the combination therapy of immune checkpoint inhibitors
and PARP inhibitors, as discussed in the preceding section. There are, of course, several different
combination regimens.

5.1. Combination Immunotherapy Based on Ferroptosis

Ferroptosis is a type of iron-dependent controlled death of cells characterized by the generation of lipid
peroxides that differs genetically and biochemically from other kinds of regulated cell death such as
apoptosis. The study team proposed and experimentally verified the combination therapy of GPX4
inhibitor, which inhibits glutathione peroxidase 4 (GPX4), and immune checkpoint inhibition for LAR
tumors based on ferroptosis research in the context of breast cancer. A ferroptosis map was created by
integrating multi-omics data from a large cohort of TNBC samples (n=465), indicating diverse
phenotypes in iron death-related metabolites and pathways in TNBC. It has been demonstrated that
inhibiting GPX4 not only promotes tumor iron death but also boosts anti-tumor immunity. Combination
therapy with anti-PD1 antibodies and GPX4 inhibitors outperformed monotherapy [32].

5.2. Combination immunotherapy of angiogenesis inhibitors, PD-1 immune checkpoint inhibitors, and
chemotherapy

The FUTURE-C-Plus phase 11 trial was designed to assess the possibility of combining famitinib (an
angiogenesis inhibitor), camrelizumab (a PD-1 monoclonal antibody), and chemotherapy in patients
who have advanced immunomodulatory TNBC. The objective response rate was 81.3%, and the mPFS
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was 13.6 months, with no treatment-related fatalities recorded [33]. This study demonstrates the triple
combination regimen's effectiveness, safety, and therapeutic potential in immunomodulatory TNBC.

6. Conclusion

This article mostly provides a synopsis of the medicines and treatments available for TNBC
immunotherapy. Although TNBC is the toughest type of breast cancer to fight against, and developing
an optimum treatment plan for TNBC patients is a substantial unmet need, it is indisputable that
immunotherapy has made significant advances in tumor treatment, providing promise for transforming
outcomes for some patients. Significant progress has been achieved in TNBC checkpoint inhibitors and
therapeutic medicines in recent years, resulting to the identification of various novel immunotherapies.
This investigation and advancement of immunotherapy options holds promise for the future treatment
of TNBC. Immunotherapy is still in its infancy, and it faces a number of hurdles that must be overcome
and investigated further. Basic and translational research have the potential to create new opportunities
for the treatment of TNBC and other cancers that now lack viable pharmacological treatments.
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