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Abstract. Breast cancer is a malignant tumor which has the highest incidence in the world, serious 
threatening to women's health. Surgery and chemotherapy are the general symmetric therapy for 
breast cancer. However, the worse prognosis is in triple-negative breast cancer (TNBC) compared 
with other types of breast cancer due to lack of the estrogen receptor (ER), progesterone receptor 
(PR) and human epidermal growth factor receptor 2 (HER2). The characteristics of low differentiation 
and high heterogeneity cause the tumor cells to metastasize more easily, resulting in less effect on 
traditional drug treatment. For now, immune checkpoint inhibitors (ICIs) show greater effect on 
treating some kinds of cancers by restoring T cells function. But the clinical results in TNBC are still 
not very satisfactory, some researchers suggest the combination treatment of ICIs with drug or target 
therapy can provide better effects. This review summarizes the results in clinical trials in both ICI 
and ICI-chemotherapy combination, describes the possibility explanations, and discuss the 
challenges and prospects of ICIs in the treatment of TNBC. 
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1. Introduction 

Data obtained from the WHO, the breast cancer influence approximately 21 million people 

worldwide, which represents 2.6 percent of the global population of women, especially the mortality 

rate of TNBC is up to 23 percent. The associated high incidence and mortality of breast cancer has 

led to it being recognized as a major global health problem, so reducing the incidence of breast cancer 

has become a global research focus. According to St Gallen molecular classification, breast cancer is 

mainly divided into Luminal A, Luminal B, HER-2+ and TNBC [1]. The most special type is TNBC, 

which accounts for about 10% to 15% of breast cancers, leading to fewer choice for treatments [2]. 

In addition, TNBC is closely related to the mutated status of breast cancer susceptibility gene 

(BRCA1/2), and more than 20% of TNBC patients are carriers of this mutation. Biologically, TNBC 

tumors are more aggressive and larger, having a higher tumor grade, and associating with lymph node 

metastasis. Due to the lack of a clear molecular target, TNBC treatment relies on chemotherapy, 

mainly anthracycline and taxeme regimens. Although neoadjuvant chemotherapy treats patients with 

TNBC, it shows a higher clinical response. When immunotherapy has become a more promising anti-

tumor treatment method, it seems to bring new hope to TNBC. The main co-inhibitors, CTLA-4 and 

PD-1, which are mainly involved in preventing T cells from being over-activated in the tumor 

microenvironment (TME) [3]. These immune checkpoints help tumor cells escape through 

suppressing their own anti-tumor immune system and preventing T cells from activating in response. 

ICIs can combine with immune checkpoints and restart the ability of T lymphocytes, which is clearing 

tumor cells. In recent years, as a new strategy of anti-tumor immunotherapy, ICIs have made 

important progress in therapeutic many kinds of solid tumors such as melanoma and lung cancer. A 

number of clinical trials have confirmed that ICIs monoclonal antibody can make the response rate 

and prognosis of TNBC patients higher, but the effect is still unsatisfactory, as the average effective 

rate of patients with multi-line therapy is less than 6%. According to clinical trial data, the current 

application of PD-L1 monoclonal antibody in TNBC is mainly based on combination therapy, such 

as chemotherapy or anti-angiogenic therapy combined with PD-L1 monoclonal antibody. This review 

aims to look back the results of previous clinical trial and discuss the future of ICIs in treating TNBC. 
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2. The characteristics of TNBC 

As the most difficult curable cancer, TNBC has many characteristics that lead to the poor efficacy 

of ordinary treatment. For example, there are more tumor infiltrating lymphocytes (TILs) in TNBC, 

which means that its metastatic and spread is faster at a large extent. Secondly, TNBC also has PD-

L1, which can interact with PD-1 on CTL, inhibiting the function of immune cell to cause immune 

escape and exacerbate cancer spread. However, more TILs indicate inflammation in the tumour 

microenvironment, which make the TNBC is treatable with immunotherapy. In addition, the presence 

of highly expressed of PD-L1 provides a direct target for immunotherapy. Finally, TNBC has much 

more non-synonymous mutations that cause its cancer cells to produce tumour-specific neoantigens 

that active neoantigens-specific CTL to kill cancer cells [3]. This process can also be proved by 

prospective efficacy of ICIs. Therefore, the TNBC includes three classifications, immune-desert 

(cluster 1), innate immune-inactivated (cluster 2) and immune-inflamed (cluster 3), according to its 

tumor microenvironment (TME) of immune escape. The number of immune cells in cluster 1 is poor, 

which means it has lower immune cells infiltration. The immune escape in cluster 2 might be caused 

by inactivation of immunity and lower tumor antigen burden. The characteristics in Cluster 3 is 

excessive infiltration of all kinds of immune cells, which overexpression of immune checkpoints in 

tumor cells may lead to immune escape [3]. As a result, the third cluster tumors may respond better 

to ICIs. 

3. Immune checkpoint inhibitors (ICIs) treatment of TNBC  

Immune checkpoint is a regulatory mechanism within the autoimmune system, which play a key 

function in the immune cells to clear pathogens and cancer cells to distinguish between self and non-

self. A variety of immune checkpoint proteins express on the immune cells to transmit stimulation or 

inhibition signals in the process of immune to achieve the effect of balanced immune response. 

Immune checkpoint can be divided into two different types: active and negatively regulated. 

Negatively regulated immune checkpoints can inhibit immune cell activity and prevent autoimmune 

cells from overreacting and causing self-damage. For example, the functions of immune checkpoints 

are inhibition of T cells activation. T cells are activated through the recognition of TCR and antigen-

presenting major histocompatibility complex (MHC), costimulatory signaling and cytokine receptors 

[3]. The binding of costimulatory molecular of CD28 and B7-1/B7-2 help the activation of T cell. 

The first immune negatively checkpoints discovered on T cell was CTLA-4, which can limit the 

availability of CD28 [3]. 

On T cells, there is high expression of PD-1, which interacted with PD-L1 of tumour cells or other 

tumour stromal cells, inhibiting the killing activity of T lymphocytes and promotes the apoptosis of 

T lymphocyte to suppress the antitumor effect of T lymphocytes [2].  

At present, ICIs is the most effective immunotherapy for cancer treatment. PD-L1 monoclonal 

antibody therapy can regulate the activity of T cells in the TME and restore the anti-tumor property 

of CTL cells through downregulation of the PD-1/PD-L1 signaling pathway, enhancement of T cells 

infiltration of tumors and inhibition of T cells apoptosis [2]. Several recent clinical trials have 

demonstrated some benefit of ICIs in TNBC therapy.  

3.1. ICIs monotherapy 

In clinical trials such as KEYMAT-012 study of the PD-1 inhibitor Pembrolizumab showed that 

the ORR of 32 pretreated and treated PD-L1-positive mTNBC patients was 18.5% [3]. However, a 

larger study of KEYNOTE-086 found 5.3% ORR in 170 patients with pretreatment without PD-L1 

selection, and notably an ORR of 21.4% in 84 treated patients with PD-L1 expression [4]. These two 

experimental data shows that patients with significant treatment effect of ICIs monotherapy are all 

PD-L1 positive TNBC cells. But not all TNBC cells are PD-L1 positive, there is study shows that 

only 46% of TNBC cells are PD-L1 positive. Combination therapy maybe a possible strategy for 

TNBC patients with PD-L1 negative. 
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3.2. ICIs and chemotherapy combination 

Due to the limited effect of PD-L1 monoclonal antibody therapy on patients, according to the 

current clinical trial data, it is mainly used in combination with chemotherapy, which can increase 

the expression of PD-L1 on TNBC cells. SAMANTA D [5] reported that treated TNBC cells of 

human and mouse with gemcitabine, carboplatin, doxorubicin, or Taxol significantly increased the 

PD-L1 expression, which helped to enhance the killing effect of PD-L1 monoclonal antibody on 

tumors.  

Chemotherapy is capable of inhibiting the glycolysis of tumor cells, reducing the level of lactic 

acid [6], and enhancing anti-tumor immunity. Lactic acid can mediate tumor immunosuppression and 

inhibit the proliferation and activity of CTL. Lactic acid is also capable of inhibition IFN-γ, perforin, 

granzyme secretion and NKG2D receptor expression on natural killer (NK) cells. The interaction 

between PD-1 and PD-L1 can inhibit the DCs maturation, activation, degradation, and antigen 

presentation, promote the myeloid-derived suppressor cells (MDSCs) expansion and tumor 

associated macrophage (TAM) differentiation into M2 type. CAO B [7]. found that treating breast 

cancer cells with Adriamycin could significantly inhibit their glycolysis in vitro experiments. 

Inhibition of lactic acid can increase PD-L1 expression by activating GPR81 expression in tumor 

cells. The efficacy of PD-1 monoclonal antibody can also be improved by blocking the production of 

lactic acid. On the contrary, chemotherapy resistant TNBC cell lines showed enhanced glycolysis, 

increased glucose uptake, and upregulated lactic acid production. Treatment with PD-L1 monoclonal 

antibody can weaken tumor glycolysis, reduce lactic acid level, reverse chemotherapy resistance, 

restore glucose utilization by T cells, and improve T cell hyporegiactivity [3]. 

Indeed, the synergistic mechanisms combined chemotherapy and PD-L1 inhibitors are very 

complex. Sometimes chemotherapy may inhibit the activity of cytotoxic T cells and reduce the 

efficiency of PD-L1 monoclonal antibody (MAb), whereas some chemotherapy drugs may enhance 

the efficacy of PD-L1 monoclonal antibody by regulating the tumor immune microenvironment. In 

addition, PD-L1 MAb can enhance chemotherapy to induce apoptosis of tumor cells by activating 

anti-tumor immunity. The I-SPY 2 trial concludes patients who have stage II-III TNBC. This trial 

showed that when adding pembrolizumab to neoadjuvant paclitaxel, the estimated pathological 

complete response (pCR) rate increase triple from 22% to 60% [8]. Also, another trail the 

IMpassion130, atezolizumab combined with albumin-paclitaxel resulted in extension of PFS in 

patients with metastatic TNBC compared to albumin-paclitaxel monotherapy (7.2 months vs 5.5 

months) [3]. These clinical results proved that ICIs of PD-L1 combined with chemotherapy has better 

therapeutic effect, mainly because chemotherapy could increase TILs and the PD-L1 expression on 

TNBC cells, which help enhance the killing effect of PD-L1 monoclonal antibody on tumors. 

3.3. ICIs and targeting therapy combination 

The potential combination of ICIs and other targeted therapy will possibly become the main 

treatment for TNBC in the future. Poly ADP-ribose polymerase (PARP) protein can participate in the 

editing and repair of DNA damage in some HER2-negative tumor cells, while TNBC cells may have 

functional deletion mutations of DNA repair pathways, such as BRCA 1/2 [9]. PARP inhibitors can 

bind to PARP to block the replication fork of DNA, resulting in the disconnection of the DNA double-

stranded structure, making tumor cells unable to complete gene replication [9]. The study also found 

that PARP inhibitors can also participate in transcription; apoptosis and immune regulation, possibly 

enhancing the expression of PD-L1 in TNBC cells to become a potential target. Another target is 

mitogen-activated protein kinase (MAPK), involving in controlling the survival, proliferation, and 

differentiation of cells [10]. MAPK signal cascades are often misaligned in TNBC. Atezolizumab in 

combination with Osimertinib, a MAPK inhibitor, in untreated patients with advanced and mTNBC 

(n = 63) had an ORR of 31.7% in Phase II clinical trial. The ORR of PD-L1 positive subgroup was 

39% in comparison with 19% in the PD-L1-negative subgroup [10].  
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Table 1. Clinical trials of ICIs treatment in TNBC 

Clinical trial Biomarker Regimen 
Number of 

subjects 

Activity 

results 

(ORR, %) 

PD-1/PD-L1 monotherapy 

NCT01848834 

(KEYNOTE-012) 
PD-L1+ Pembrolizumab 32 18.5% 

NCT02447003 

(KEYNOTE-086B) 
PD-L1+ Pembrolizumab 84 21.4% 

NCT02447003 

(KEYNOTE-086A) 

PD-L1+ Pembrolizumab 105 5.7% 

PD-L1- Pembrolizumab 64 4.7% 

NCT01772004 

(JAVELIN) 

PD-L1+ Avelumab 9 22.2% 

PD-L1- Avelumab 39 2.6% 

Chemotherapy combination trials 

NCT01633970 PD-L1+/- Atezolizumab+ Nab-Paclitaxel 33 39.45% 

NCT02425891 

(IMpassion130) 
PD-L1+/- Atezolizumab+ Nab-Paclitaxel 902 56.0% 

NCT02513472 

(ENHANCE-1) 
PD-L1+/- Pembrolizumab+ denibulin 106 26.4% 

NCT03125902 

(IMpassion131) 
PD-L1+/- Atezolizumab+ Paclitaxel 651 

PFS:5.68 

months 

NCT02819518 

(KEYNOTE-355) 
PD-L1+/- 

Pembrolizumab+ 

chemotherapy 
847 

PFS:9.7 

months 

 

Target combination trials 

PARP inhibitors 

NCT02734004 

(MEDIOLA) 

Germline 

BRCAm 
Olaparib+ durvalumab 17 58.8% 

NCT02657889 

(TOPACIO/ 

KEYNOTE-162) 

PD-L1+/- 

Niraparib+ pembrolizumab 

55 21% 

BRCA+/- 15 47% 

BRCA- 27 11% 

MEK inhibitor 

NCT02322814 

(COLET) 
PD-L1+/- 

Nab-paclitaxel vs paclitaxel + 

cobimetinib +atezolizumab 
90 34.4% 

4. Conclusion 

TNBC, as the most difficult curable breast cancer, its data in clinical trials demonstrates that ICIs 

successfully improve the poor prognosis of TNBC. However, it should be noted that in the process 

of summarizing different clinical practices, the heterogeneity in the cell characteristics of TNBC for 

different therapeutic strategies of ICIs monotherapy or combination therapy. The heterogeneity 

characteristics on TNBC cells also make the maximum effects of ICIs treatment. On the other hand, 

it was found that even with the combination treatment of ICIs, the therapeutic effect of TNBC was 

still not satisfactory as expected. Therefore, in the follow-up research process, it is also necessary to 

analyze the tumor microenvironment of TNBC in a variety of ways, to enhance the role of ICIs. For 

example, the immune-microenvironment characteristics of TNBC were analyzed more 

comprehensively by multiple fluorescence staining, single cell sequencing and other technologies. To 

find the time when ICIs can be used as maximum effect, searching for the main molecules that can 

inhibit CTL cell activity in the TNBC immune microenvironment. Studying how specific 

chemotherapy can regulate immune microenvironment of tumor cells, to clarify the specific 
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mechanism of action in combination of PD-(L)1 and chemotherapy. Finally, single cell sequencing 

and multiple fluorescent staining can also be used to find new targets on TNBC cells, providing a 

new direction for treatment.  
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