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Abstract. Triple-negative breast cancer (TNBC) is a specific subtype, the most lethal and with 

the worst prognosis, and is prone to develop drug resistance during advanced chemotherapy. 

The combined application of radiotherapy and immunotherapy has gradually entered the public 

eye. The PD-L1 / PD-1 immune checkpoint inhibitors can enhance the local effect of 

radiotherapy and relieve the immunosuppressive effect in tumor patients, and the up-regulation 

of PD-L1 expression caused by radiotherapy also helps the checkpoint inhibitors to play a 

stronger effect. More patients with TNBC can gain a higher benefit from this.  
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1.  Background 

1.1.  TNBC 
In recent years, breast cancer has become the most common cancer type which was according to the 

2020 WHO cancer study data. Among them, triple-negative breast cancer (TNBC) is a special subtype, 
which is also the most lethal and has the worst prognosis, accounting for 15% to 20% of all breast 
cancer types [1]. The pathological characteristics of triple-negative breast cancer are estrogen receptor 
(ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER-2) are all 
negative [2], Its clinical features are poor differentiation and highly invasive, prone to early metastasis 
and recurrence, and poor prognosis. Because of its expression as triple negative, both traditional 
endocrine therapy and molecular targeted therapy are not sensitive. In clinical practice, chemotherapy 

is the standard treatment for advanced TNBC, but its therapeutic effect is still not ideal. Patients often 
show chemotherapy resistance at the early stage, which cannot prolong their survival. Therefore, it is 
urgent to find new treatments for TNBC patients.  

Drug resistance of TNBC is one of the main reasons for the low benefit of patients undergoing 
chemotherapy, and the ATP-binding cassette (ABC) transporter is one of the main mechanisms. ABC 
exists on the cell membrane and uses ATP water to transport different kinds of anticancer drugs out of 
the cell, weakening the therapeutic effect, which is closely related to the generation of drug resistance 

[3]. Among all the subtypes of breast cancer, TNBC, the expression of ABC in the patient was 
significantly increased. While receiving chemotherapy, anticancer drugs also increased the expression 
of transporters, making the patients develop drug resistance very early.  
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As we are constantly exploring the treatment of drug-resistant TNBC, radiotherapy, and 
immunotherapy have gradually come into view. Many studies have shown that local radiation therapy 
with the appropriate radiation dose can activate the body's systemic immune function, and its effect is 
more obvious when applied in combination with immunotherapy.  

1.2.  Immune mechanism  
The immune system in TNBC patients has a dual effect on the tumor, which can simultaneously cause 
the anti-tumor immune effect to kill the tumor and induce the tumor to form immune tolerance. The 
role of the immune system can be divided into three processes: clearance, balance, and escape [4]. 
Specific and non-specific immunity jointly clear the tumor cells, and the tumor cells that fail to be 

completely killed in this process undergo escape and will enter the immune equilibrium stage, which 
then produces immune tolerance. Immune escape refers to escape the monitoring of the body so that 
tumor cells are protected from the attack of the immune system, such as down-regulating MHC I 
molecules and affecting the immune response of T cells. At the same time, an inhibitory tumor 
microenvironment (TME) is established in the body, including immunosuppressive cells, with obvious 
immune escape, making the tumor continue to grow and invade the metastasis [5].  

2.  Radiotherapy 

The main treatments for tumors are chemotherapy, radiotherapy, and targeted therapy. It is currently 
believed that radiation therapy can directly kill the primary tumor by inducing single-strand breaks, 
double-strand DNA damage, chromosomal aberrations, and mismatch repair [6]. Recent studies have 
found that the appropriate radiation dose and compartmentalization can increase the tumor-infiltrating 
immune cells, reverse the inhibitory tumor microenvironment, generate the immune activation effect 

in the irradiated area, and then kill the tumor cells. The body's immune response stimulated by 
radiation therapy promotes mature DCs (dendritic cells to tumor tissue, identify and present tumor 
antigen, activate T lymphocytes and initiate anti-tumor immune response [7, 8]; Meanwhile, increase 
chemokine and vascular adhesion molecules to promote the migration of T cells to tumor tissue. Local 
radiotherapy can also cause a remote effect (abscopal effect), which reduces the local tumor lesion and 
the tumor lesion outside the target area, which is related to the infiltration of immune cells into the 
tumor microenvironment promoted by radiotherapy [9]. In addition to immune activation, radiotherapy 
can also induce immunosuppressive effects in the body [10].  

Immunosuppressive molecules are up-regulated and the inhibitory tumor microenvironment is 
strongly expressed, hindering the specific immune responses of T cells [11]. For example, radiation 

leads to the up-regulation of programmed death ligand 1 (PD-L1) ，which is on the surface of tumor 

cells, combined with programmed death receptor 1 (PD-1) expressed on the surface of T cells. Their 
combination can inhibit the effects of T cells to reduce anti-cancer treatments. Tumor cells damaged 
by radiotherapy recruit regulatory T cells (Treg), macrophages, marrow-like inhibitory cells (MDSC), 
and other immunosuppressive cells to reduce the body's immunity and promote the growth, metastasis, 
and spread of tumor cells.  

The mechanism and effect of treating TNBC with radiotherapy have dual effects. Different 
irradiation doses, segmentation, and irradiation times have different effects on the results, suitable for 
radiotherapy can increase tumor local T cell infiltration, reduce the content of Treg, tumor tissue 

activated immune and immune suppression to achieve a good balance, achieve the purpose of anti-
cancer, prolong the survival of patients.  

3.  Immunization therapy  

Immune checkpoint, which refers to the programmed death receptors and their corresponding ligands. 
The PD-1 / PD-L1 interaction in normal tissue prevents tissue damage and limits the inflammatory 

response mediated by T cells and other components of the immune system during infection. TNBC, in 
the patient, tumor cells express PD-L1 which combined with PD-1 on T cells, weaken their immune 
function to escape the recognition and elimination of T cells [13]. The tumor cells of such breast 
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cancer subtypes of TNBC express more PD-L1 , which is also responsible for their poor prognosis 
[14]. Therefore, blocking the mutual effect between PD-1 and PD-L1 could enhance the aggression of 
T cell-mediated specific immunity and kill tumor cells.  

The FDA, the EMA, and other agencies have approved the treatment of immune checkpoint 

inhibitors (ICIs) in tumors. At present, Durvalumab and Atezolizumab have been approved for the 
treatment of cancer in China. They all belong to PD-L1 immune checkpoint inhibitors, while 
Nivolumab, Pembrolizumab, and Tislelizumab all belong to PD-1 inhibitors. These drugs can inhibit 
the growth of tumors, reduce the volume of tumors, and even appear complete regression, prolong the 
survival of cancer patients, and improve the quality of life of patients. Compared with radiotherapy 
and chemotherapy, the toxic effect produced by this immunotherapy is significantly reduced, which is 
a highly efficient new anti-cancer method, and has become a research hotspot of different anti-cancer 
therapies in recent years.  

PD-L1 / PD-1 immune checkpoint inhibitors block PD-L1/PD-1, "rescue" T cells, to play an anti-
cancer immune response, destroy the role of highly immunosuppressive cells, and restore the body's 
anti-tumor immunity. Radiation therapy can activate or suppress the immune response. PD-L 1 / PD-1 
immune checkpoint inhibitors reduce the immunosuppressive effects of radiotherapy and restore the T 
cell-mediated anti-tumor immune response [15]; the combination reduces the radiation dose and 
reduces the side effects of radiotherapy, such as skin damage, nausea, and vomiting, to benefit cancer 
patients.  

4.  A combination of radiotherapy and immunotherapy 

The combination of radiotherapy and immunotherapy is theoretically mutually beneficial. PD-L1 / PD-
1 immune checkpoint inhibitors can improve the local effect of radiotherapy and relieve the 
immunosuppressive effect, and the up-regulation of PD-L1 expression caused by radiotherapy also 
helps the checkpoint inhibitors to exert a stronger effect.  

A phase 2 clinical study evaluated the effectiveness and practicality of Pembrolizumab + 
radiotherapy (RT) in mTNBC patients not screened for PD-L1. Seventeen patients had been selected to 
participate the experiment , with Pembrolizumab added to an RT irradiation which had a specific dose. 
The ORR of this experiment was 17. 6%. Among the patients, 3 of them were complete responses 
(CRs), 13 people were progressive diseases and 1 person was stable disease . Before the end of 
treatment, 8 of them died because of disease progression. Of the nine female patients evaluated at 
week 13, three achieved CR, with a 100% reduction in tumor volume. The most common side effects 

of this trial were dermatitis; adverse events due to Pembrolizumab were lymphopenia, fatigue, and 
infection [16]. The combined anticancer effect of Pembrolizumab + RT is better than a single method 
of treatment, and it is additionally clearly effectual in the "king of breast cancer" TNBC. However, if 
TNBC patients can be screened for PD-L1, better therapeutic benefits may be obtained.  

A study about brain metastasis in breast cancer demonstrated the potential of radiotherapy to 
increase the sensitivity of breast cancer brain metastasis to immune checkpoint inhibitors. Murine 
breast cancer has distant metastases, brain metastases, immune cells such as T cells, and tumor cells 
expressing PD-L1, which can be treated by PD-L1 / PD-1 pathway blockade. The combination of 

classical fractionated whole brain radiotherapy (WBRT) and PD-1 immune checkpoint inhibitor up-
regulates the proportion of T cells and infiltrates tumor tissue. At the same time, the application of 
radiotherapy suppresses the compensatory inhibitory response of lymphocytes induced by PD-1 
immune checkpoint inhibitor anticancer therapy [17]. Compared with the separate application of 
radiotherapy or immunotherapy, the survival time of mice was significantly prolonged, and the safety 
and therapeutic benefits were also clearly shown.  

5.  Boundedness 

Immune checkpoint inhibitors are a hot topic in anti-cancer therapy, and the efficacy and safety of 
such drugs are also obvious, but immunotherapy still has many limitations. Before and after treatment, 
PD-L1 expression levels will change and even turn negative [18, 19]. When tumor biopsy or PD-L1 
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screening is desired, the results will also be affected by many factors, such as the difference between 
the primary focus and the metastatic focus, the different preservation methods of the examination 
biopsy, and so on [20-22].  

In practical clinical application, PD-1 / PD-L1 immune checkpoint inhibitors still have many 

problems to be solved, for example, when the systemic injection of immune checkpoint inhibitors will 
cause serious toxic side effects on many tissues and organs, fever, edema, liver toxicity, etc. ; and 
immune checkpoint inhibitors are not suitable treatments for all patients, often appear ineffective [23]. 
Different tumor micro-environments have unique immunosuppressive mechanisms, requiring the 
selection of new methods and injected doses based on the different immune cell compositions. And the 
high price is expensive and will bring an economic burden to patients. The efficacy of radiotherapy 
also varies from person to person. Due to personal health status and physical conditions, the effects 
and side effects after treatment are not the same, and many patients have little effect or cannot tolerate 

it. Radiation therapy may be such as dermatitis, tissue damage at the irradiation site, or permanent 
organ damage, and these side effects can limit daily life and even reduce the quality of life. Therefore, 
how to select the appropriate immune checkpoint inhibitors, the sequence and timing of injection, the 
injection dose; the irradiation method, the segmentation method, and the irradiation dose of radiation 
therapy are all facing the current problems.  

6.  Conclusion 

Existing experimental results prove that the combination of radiotherapy and immunotherapy is safe 
and effective, better than a single treatment, and patients can benefit from it. Up to now, many 
prospective research trials on triple-negative breast cancer are still ongoing, such as NCT03464942, 
NCT03004183, etc, using different segmentation methods and irradiation doses, combined with 
different kinds of ICIs for therapy of patients with certain conditions. However, the results of these 
experiments cannot be evaluated at present, and the factors are different among the trials, so the 

influencing factors should be excluded to further explore the specific mechanism and benefits of the 
combination of radiotherapy and immunotherapy in TNBC.  

7.  Look into the distance 

Immunotherapy has made many remarkable achievements in the practice of TNBC treatment and has 
become an emerging hot spot at present. The therapy of resistant TNBC is safe and effective, but how 

to enhance the response rate of combination therapy, to achieve the purpose of controlling and even 
curing the tumor and maintain the quality of patients’ life is still our facing challenges. TNBC is the 
most aggressive subtype of breast cancer, characterized by low survival, a high rate of distant 
metastasis, few effective treatments, and poor prognosis. Recent clinical studies have combined TNBC 
to overcome the early emergence of resistance by traditional chemotherapeutic means. Looking 
forward, the clinical research of drug resistance TNBC will find new and more suitable treatments, 
individualized treatment regimens, precise patient stratification, and combination regimen, so that 

more patients can benefit from combination therapy.  
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