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ABSTRACT 

Breast cancer is the one of leading causes of death and the most prevalent cancer worldwide. Currently, standard treatment 

options in breast cancers rely on surgery, chemotherapy, hormone therapy, and radiotherapy. Surgery, radiotherapy, 

chemotherapy have serious side effects. The most common subtype of breast cancer is hormone-receptor-positive, where 

hormone therapy is very effective. HER2+ breast cancers are another subtype, and anti-HER2 agents are also efficacious on 

that group. However, these agents are not effective in triple negative breast cancers in which hormone and HER2 receptors are 

negative. Again, resistance, which can be seen even in hormone and HER2 receptor positivity, is a common problem. Complex 

mechanisms play role in the resistance, such as epi(genetic) changes in signaling pathways that are important for the cancer 

cells survival and progression. Different treatment strategies, alone or combinations with each other, have been evaluated to 

overcome these problems. Recently, several agents blocking these targets have contributed significant clinical outcomes. In 

addition, although breast cancers are usually immunologically cold tumors, immunotherapeutic strategies have played an 

important role in the treatment of breast cancer. Several monoclonal antibodies, adoptive cell strategies, bioengineered 

immunotherapy and different vaccine applications have been explored for these purposes.  

For selection of the most appropriate therapy options, molecular or immunological mechanisms should be considered. This 

review discusses major targeted therapies and immunotherapies based on ongoing therapy trials on breast cancers. 
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INTRODUCTION 

Globally, in 2020, 2.3 million women were diagnosed with 

breast cancer (BC) and 685,000 women died from BC. By 

the end of 2020, this disease is the most prevalent cancer 

worldwide, with 7.8 million women diagnosed in the last 5 

years [1]. 

Common therapeutic applications are surgery, 

radiotherapy (RT), chemotherapy (CT), hormone therapy, 

targeted therapy, and immunotherapy in BCs [2-4]. The 

last two have received a lot of attention in recent years. 

Surgery, RT, CT have serious side effects, resulting in long 

hospital stays and huge costs. In addition, hormonal 

treatments are ineffective in triple negative BC and 

problems with treatment resistance may occur during 
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treatment [5,6]. Again, there are no effective treatment 

options for metastatic BC [7]. In addition to surgery, it is 

generally given neoadjuvant (pre-operative) therapy to 

shrink a large tumor and/or adjuvant (post-operative) 

therapy to reduce the risk of recurrence [8]. The decision 

to go for neoadjuvant therapy is highly determined by the 

type of carcinoma and the tumor, node, metastasis (TNM) 

stage of the disease [5]. Due to still incurable, the treatment 

options are mostly palliative for metastatic BCs [3,5]. 

As shown in Table 1, the most common molecular subtype 

of BCs is the hormone receptor positive (HR+) group [9]. 

In the luminal B subtype, a small proportion of tumors 

could be HER2-positive. Thus, HER2-positive expression 

is not necessarily a universal finding in luminal B tumors. 

Rather, these tumors could be HER2-negative while 

expressing high Ki67 levels and more aggressive 

phenotypes compared to luminal A [9]. These subtypes are 

characterized by the expression of the estrogen receptor 

(ER+) and/or progesterone receptor (PR+) and generally 

respond to hormone therapy. The other subtype of BCs is 

human epidermal growth factor receptor 2+ (HER2+), 

which is higher proliferation marker [10,11]. The 

expression of hormone receptors is not a very robust 

prognostic factor, rather predictive for potential use of 

endocrine therapies. Not all HER2-targeted therapies 

available are monoclonal antibodies, small molecule 

tyrosine kinase inhibitors are also available [9,12]. 
 

Luminal A-Like Luminal B-Like HER2-Overexpressing Triple-Negative 

ER + + - - 

PR ≥20% <20% - - 

HER2 - + + - 

Frequency 30%-40% 20%-30% 12%-20% 15%-20% 

Prognosis Favorable Intermediate Unfavorable Unfavorable/Poor 

Table 1: The molecular subtypes and their features in BCs. 

Fortunately, most BCs are sporadic which means they 

don’t pass to the children from parents with BC. Hereditary 

BCs are only making up 5% to 10%. One of the most 

important causes for BCs is mutations that occurred in 

tumor suppressor genes such as BRCA1, BRCA2, and 

PALB2. The family history of the disease is also a very 

strong risk factor even in the absence of high prevalence 

gene mutations [13].  

ER and HER2 are the best-determined targets for treatment 

of BCs. The hormone therapies and HER2-targeted agents 

have shown effective results for HR+ and HER2+ BCs, 

respectively [11,14]. Nonetheless, these agents aren’t 

effective in triple-negative breast cancers (TNBC). In 

addition to that problem, acquired resistance to these 

agents is frequent even the presence of ER and HER2 [11]. 

Complex molecular mechanisms including several 

aberrations and signaling pathways are involved in 

endocrine resistance. Of them, activation of 

PI3K/Akt/mTOR pathway and cyclin D/CDK/pRb 

pathway, ESR1 gene mutations, cross talk between ER and 

growth factors receptors signaling, and epigenetic 

alterations are well-defined mechanisms [15-18]. The 

molecular mechanisms of resistance to monoclonal 

antibodies are also multifactorial, including 

downregulation or loss of HER2 expression, high 

p95HER2 expression, loss of PTEN and so on [19]. 

To overcome the increasing drug resistance or side effects, 

new therapeutic strategies are urgently needed.  By 

selecting the most appropriate molecular 

mechanisms/pathways, targeted therapeutics should be 

considered as viable therapeutic options with fewer side 

effects against TNBC and resistant ER and HER2+ BCs 

[5,19].  

In this review, it was discussed major targeted therapies 

and immunotherapies based on ongoing therapy trials on 

BCs. It also highlights clinical significance of the 

combination therapy options, including targeted or 

immune therapy. 
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TARGETED THERAPY IN BREAST CANCERS 

Targeted therapy in cancer therapy is the inhibition of the 

growth of cancer cells through its use in certain ways [19]. 

Compared to CT, hormone therapy is newer, more 

effective treatments that can attack certain breast cancer 

cells with less harm on healthy cells [20]. 

Like many other malignancies, BC is also a very 

heterogeneous cancer. For optimal treatment selection, the 

BC subtype must be determined [21]. Not only their 

efficacy, but also the safety, dosage, and route of 

administration of the targeted agents must be thoroughly 

evaluated. For these reasons, the decision to go for 

alternative agents targeting different pathways, which are 

important for the survival and spread of BCs, can overcome 

resistance and improve the clinical situation in the 

optimum situation [5,19]. 

Targeted Therapy in Hormone Receptor (HR)+ BCs 

HER2-targeted agents in HR+HER+ BCs 

ER takes an important place in proliferation, survival, and 

invasion of BC cells. For treatment of HR+ BCs, endocrine 

therapy targeting estrogen/ER pathway has been most 

successful. But resistance to endocrine therapy is an 

important problem, in which complex mechanisms play 

role. Activation of certain estrogen-independent growth 

and survival signaling pathways based on genomic or 

epigenetic variations has been associated with endocrine 

resistance. These pathways have been considered as 

therapeutic targets [22]. 

About 10% of ER+BCs express HER2 (ERBB2) gene, 

which is the one of four subunits (HER1, HER2, HER3, 

HER4) of HER [23]. This patient population with 

ER+HER+ BC (Table 1, Luminal B) is associated with a 

higher risk of relapse group than the ones don’t express 

HER2 (ER+HER-) (Table 1, Luminal A). This may be due 

to incomplete cell cycle arrest, which is perhaps stopped 

under treatment with endocrine agents alone. The various 

studies indicated that adding HER2-targeted agents to the 

hormonal therapy is more effective in the ER+HER+ 

patient population [24]. 

In a study compared the efficacies of trastuzumab (an anti-

HER2 monoclonal antibody) combined with anastrozole 

and anastrozole alone, the combined group demonstrated a 

longer progression-free survival (PFS) (4.8 versus 2.4 

months) in the metastatic ER+HER+ patient population. 

This combination also displayed a higher clinical benefit 

rate (CBR) (42.7% vs 20.3) [25]. In another study 

evaluated the combination of letrozole and lapatinib (a 

HER1/HER2 kinase inhibitor) and letrozole alone, it 

demonstrated a significant difference in PFS (8.2 vs 3 

months) and overall response rate (ORR) (28% vs. 15%) 

[26]. 

Adding trastuzumab to standard hormonal therapy resulted 

in reduction of relapse in treatment ER+HER+ BCs 

[27,28]. Thus, the addition of HER2-targeted agents to the 

hormonal therapy must be a standard application for these 

population. 

PI3K/Akt/mTOR pathway in HR+ BCs 

The phosphoinositide 3 kinase (PI3K)/Akt/target of 

rapamycin (mTOR) pathway is a cardinal pathway in the 

transduction of cell growth and proliferation in BCs. This 

pathway also plays a significant role in endocrine 

resistance [29,30]. The PI3K heterodimer, with the 

regulatory subunit (p85) regulating the activation of the 

catalytic subunit (p110), has the central role in this 

pathway. Gain-of- function mutation in PIK3CA-subunit 

gene occurs at approximately one-third of ER+BCs. This 

mutation increases cell survival in HR+ BCs [31]. Akt can 

activate the ER pathway in an estrogen-independent 

condition [32]. mTOR, which is a serine/threonine protein 

kinase, takes place downstream of PI3K and Akt. Of its 

subunits, mTORC1 is the target of rapamycin/rapamycin 
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analogs. The other subunit mTORC2 plays role in AKT 

activation [32]. 

Suppressing or downregulating the PI3K/Akt/mTOR 

pathway could be considered as one of the potential 

strategies to prevent BC [7]. Everolimus treatment 

modulates PI3K/AKT/mTOR signaling pathways, leading 

to suppress growth and aggression of breast cancer cells 

[33]. Inhibition of PI3K or AKT signaling reduced cancer 

cell growth and survival [31,33]. As a part of this pathway, 

combination of mTOR inhibitors with endocrine therapy is 

also able to overcome endocrine resistance [32]. It has also 

been found that the PI3K/Akt/mTOR pathway is associated 

with trastuzumab resistance in HER2+ BC. The studies 

implied that inhibitors of the pathway can synergistically 

act with trastuzumab in resistant BCs [29]. Numerous 

inhibitors against PI3K/Akt/mTOR pathway are in 

different phases (Phase I, II or III) of clinical trial [Table 

2]. They can be used as pan - (like pan-PI3K), dual (PI3K 

and mTOR inhibitors), or isoform-specific (like mTORC1 

isoform inhibitors). These agents are generally well 

tolerated and are being evaluated in clinical trials for 

suitability and can be used in combination with other 

targeted agents, endocrine therapy or cytotoxic agents 

[19,32]. 

There are several other factors affecting the 

PI3K/Akt/mTOR pathway. These may also be considered 

for targeted therapy. For example, phosphatidylinositol 

3,4-bisphosphate (PIP2) and 3,4,5-triphosphate (PIP3) 

play role in activation of this pathway. In contrast to these, 

phosphoinositide-dependent protein kinase (PTEN) has a 

tumor suppressor role by blocking PI3K/AKT/mTOR 

pathway via inhibition of the transition from PIP2 to PIP3. 

Because in regular way, the stimulating factors such as 

growth factors and cytokines activate PI3K leads to 

transition from PIP2 to PIP3. PIP3 generation results in a 

conformational change of AKT [7,34]. 

Inhibitors Target Agent 

PI3K inhibitor PI3Kα Alpelisib*   
GDC-0077   
Serabelisib  

PI3Kβ AZD-8186  
pan-PI3K Pictilisib 

AKT inhibitor AKT Uprosertib  
ATP binding pocket Ipatasertib   

Capivasertib 

mTOR inhibitor mTORC1 Everolimus*   
WYE-687 

PI3K/mTOR dual inhibitor PI3K/mTOR Apitolisib   
Bimiralisib   
Dactolisib   

XL765 

Table 2: Example for inhibitors targeting the PI3K-AKT-mTOR pathway.*FDA Approved.

CDK4/6 inhibitors in HR+ BCs 

The G1-to-S phase transition is controlled by cyclin-

dependent kinases 4/6 (CDK4/6). Thus, the action of 

CDK4/6 is vital for cell proliferation [35]. CDK4/6 are 

activated once binding to D-type cyclins. Then they 

phosphorylate the retinoblastoma-associated protein 

(pRb), which releases the E2F transcription factors and 

activates expression of genes required for G1-to-S phase 

transition [19].  

 

CDK4/6-D1-type cyclin relation is associated with 

endocrine resistance and poor clinical outcome. The 

CDK4/6 inhibitors reduce the cell cycle through disturbing 

CDK4/6-D1-type cyclin relation [35].  

Of several CDK inhibitors, palbociclib, ribociclib, and 

abemaciclib have demonstrated efficacy and tolerable 

toxicity profile in clinical trials of BCs treatment.  They 

have recently been approved by the US Food and Drug 

Administration (FDA) and European Medicine Agency 

(EMA) for HR-positive advanced or metastatic BC 
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[15,36]. Especially in the treatment of HR+ HER2- BC 

patients, the CDK4/6 inhibitors ensured a major 

advancement [15]. 

Histone deacetylase inhibitors in HR+ BCs 

Multidrug resistance protein 1 (MDR1) and breast cancer 

resistance protein (BCRP) transporters are key efflux 

transporters that mediate the extrusion of drugs and 

toxicants in cancer cells and healthy tissues. This led to 

hormonal resistance and cell proliferation. The studies 

have demonstrated that inhibition of histone deacetylases 

(HDACs) modulates MDR1 and BCR transporters [37]. 

The exact rational HDAC inhibitors (known to be 

epigenetic modifiers) as potential targeted treatments in 

breast cancer is not clear [38]. Fortunately, this impact of 

HDAC inhibitors is less on normal tissues. HDAC 

inhibitors have also been shown to upregulate various 

tumor suppressor and proapoptotic genes to prevent cancer 

cell proliferation [37]. Consequently, HDAC inhibitors in 

some studies suggested that HDAC inhibition may be an 

important target to overcome resistance in ER+ BCs [19]. 

Even, several HDAC inhibitors such as romidepsin, 

suberoylanilide hydroxamic acid, belinostat, and 

panobinostat have been approved for some other 

malignancies [37]. 

Targeted Therapy in Human Epidermal Growth Factor 

Receptor (HER2)+ BCs 

Approximately one-fifth of BC patients overexpress HER2 

which is associated with the more aggressive phenotype 

[19]. Anti-HER2 antibody trastuzumab, FDA-approved for 

both metastatic and adjuvant therapy, has contributed to 

significant improvement in the outcome of this disease, by 

disrupting HER signaling and inducing antibody-

dependent cell-mediated cytotoxicity (ADCC) [38]. 

Unfortunately, an important challenge is primary and 

acquired resistance to trastuzumab in HER2+ BC patients 

[39]. 

Different mechanisms are considerable as responsible for 

trastuzumab resistance. A crucial role in trastuzumab 

resistance is persistent activation of the PI3K/AKT 

signaling pathway because of several mechanisms such as 

activating mutations in the p110α subunit of PI3K, 

inactivating mutations in PTEN and up-regulation of Rac1 

[40-42]. Hyperactivation of other tyrosine kinase receptors, 

such as insulin-like growth factor-I receptor (IGF-IR), is 

compensation pathway for the inhibition of HER2 

signaling by trastuzumab [42]. These mechanistic 

pathways could be considered as therapeutic modalities to 

overcome trastuzumab resistance [39].  

In addition to trastuzumab, several monoclonal antibodies 

against HER2 receptor and some inhibitor agents against 

various mechanisms which favor BC have been approved 

by FDA (Table 3). But their major clinical effects on 

clinical outcome occur when they are applied as 

combinational therapies. Combinational therapy attempts 

play a critical role to overcome the intrinsic or acquired 

resistance to trastuzumab. In this regard, trastuzumab 

monotherapy is not the current standard of care in BC 

therapy [43,44]. 

Agents Proprietary Name Agents Proprietary Name 

Monoclonal Antibodies  Antibody/drug conjugates  

Trastuzumab Herceptin Ado-trastuzumab emtansine KADCYLA 

Pertuzumab PERJETA Fam-trastuzumab deruxtecan ENHERTU 

Pertuzumab, Trastuzumab, and Hyaluronidase-zzxf PHESGO Tyrosine kinase inhibitors  

Margetuximab-cmkb MARGENZA Lapatinib TYKERB 
  Neratinib NERLYNX 
  Tucatinib TUKYSA 

Table 3: Various FDA-approved HER2-directed mono- or combinational therapies. 
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Targeted Therapy in Triple-negative BCs (TNBCs) 

TNBCs don’t have receptor expressions for estrogen and 

progesterone, as well as there is little or no HER2 protein 

production. TNBC accounts for about 10-15% of all BCs 

and is frequently associated with an unfavorable prognosis 

[45].  

Due to the molecular heterogeneity and complex biology, 

unlike ER+ and/or HER2+, development of the targeted 

agents in TNBC is problematic. There is also lack given 

specific target to threaten it.  Even so, several promising 

pathways and agents are being investigated including anti-

angiogenic agents and inhibitors against EGFR, PARP, 

PI3K, Src or CDKs [19]. 

Anti-angiogenetic agents in TNBCs 

Angiogenesis is one of the fundamental steps for tumoral 

growth and metastasis [12]. Vascular endothelial growth 

factors/receptors (VEGFs/VEGFRs), particularly VEGF-

A, are among the most prominent factors in angiogenesis 

process, meanwhile in inducing pathological angiogenesis. 

TNBC is associated with a higher level of intratumor 

VEGF-A expression than the other BC subtypes [12,46]. In 

this context, ligand blockade between VEGF and the 

VEGFR axis provides a rationale for evaluating potential 

anti-angiogenic agents. Bevacizumab, the most widely 

studied anti-angiogenic drug in BCs, is a recombinant 

humanized monoclonal antibody against all known 

isoforms of VEGF-A [47]. Ramucirumab is another the 

monoclonal antibody with anti-angiogenetic potential 

against the VEGFR2 external domain [48].  

VEGFRs family is closely related to receptor tyrosine 

kinase (RTK). RTK inhibitors, such as axitinib, pazopanib, 

sorafenib, and sunitinib have anti-angiogenic effects. More 

than ten angiogenesis inhibitors have been approved by the 

US FDA. Some of them, such as cetuximab, vandetanib, 

and erlotinib show dual effect on both VEGF and EGF 

pathways [48]. 

The anti-angiogenetic agents have demonstrated good 

clinical effects in BC patients, particularly when used in 

combination standard chemotherapies [19,48]. 

PARP inhibitors in TNBCs 

The poly (ADP-ribose) polymerases (PARPs) are a group 

of enzymes important in many cellular processes, including 

repairment of single-strand DNA breaks. PARP inhibition 

prevents repair of single stranded breaks and instead leads 

to double stranded breaks. This induces synthetic lethality 

in BRCA1- and BRCA2-related tumor cells. Because 

BRCA mutated cells cannot be repaired via the 

homologous recombination pathway [19,49]. 

PARP inhibitors have shown promising anti-cancer 

activity in several studies. Various PARP inhibitors are 

available FDA-approved as monotherapy including 

olaparib, rucaparib, niraparib, talazoparip [49].  

On using PARP inhibitors, another treatment strategy is 

combination of the PARP inhibitors with cytotoxic CT, 

anti-angiogenesis agents, RT, immune therapy, or by 

inhibiting proteins in the DNA damage-response pathway. 

The combination promises to augment efficacy of PARP 

inhibition and overcome resistance mechanisms [49]. 

Other targets in TNBCs 

Due to overexpression of EGFR in basal-like type of 

TNBCs and PI3K pathway activation as result of loss of 

negative regulators including PTEN, EGFR and PI3K 

pathway are attractive therapeutic targets [19].  

SRC is broadly overexpressed in some BCs subtype and 

can crosstalk with HER2 when facilitated by other 

molecules. This mechanism plays a role in oncogenic 

process. Dasatinib is a SRC family kinase inhibitor, and its 

antitumor effect has been observed on some subtypes of 

TNBC. Like these, dinaciclib is a potent inhibitor of some 

CDK isoforms and was lethality in MYC-overexpressing 

TNBC [50]. 
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IMMUNOTHERAPY IN BREAST CANCERS 

In immunotherapy, it is used to protect the body's natural 

immune system against cancer by enhancing its ability to 

attack cancer cells [51]. Unlike some other cancers such as 

melanoma and renal cell carcinoma to immunotherapies 

responsive, BC has not traditionally been considered 

immunogenic. Hence, the drug development for 

immunotherapy purposes in BCs has been slower than in 

the other cancers. Even so, the immune system may be 

effective on primary tumor growth and prevention of 

metastases in BCs. In BCs, some studies showed that the 

standard therapies such as anthracyclines and trastuzumab 

modulate immunity as part of their mechanism of action 

[52]. Again, it has been reported a significant correlation 

between increased tumor-infiltrating lymphocytes (TILs), 

especially CD8+ T lymphocytes, and better clinical 

outcomes in early-stage BCs [52,53]. 

Besides, HR+ BCs are usually immunologically cold 

tumors with the TILs. HER2+ BCs respond well to HER2-

targeted therapies, which because of partly mediated by 

immune effector mechanisms. TNBC is considered as the 

most immunogenic subtype of BCs. This promise for the 

development of immunotherapeutic agents [3]. 

Intratumoral CD8+ T cells infiltrates are generally 

associated with good prognosis in BCs. Unlike CD8+ T 

cells, CD4+ T cells associated with inconsistent result, but 

usually with poor prognosis. The poor prognosis is 

generally attributed to CD4+ FOXP3+ T regulatory cells 

(Tregs).  

Macrophage infiltrates in BCs frequently associated with a 

poor clinical outcome. In contrast to M1-type macrophages 

inducing Th1 response, M2-type macrophages in tumoral 

microenvironment inhibit the Th1 response by secreting 

immunosuppressor molecules such as IL-10 and TGF-β. 

M2 macrophages are also associated with progression, 

invasion and metastasis of the tumor, as well as secreting 

angiogenic factors such as VEGF [54]. Like TAMs, 

myeloid-derived sup- pressor cells (MDSC) have also 

increased the growth and metastasis of BC [55]. 

Cancer-associated fibroblasts (CAFs) have an important 

role in reducing anti-tumor immunity. They contribute to 

proliferation and invasion of the tumor cells, tumoral 

angiogenesis, shaping the extracellular matrix (EMC) that 

facilitate tumor progression, and immunosuppression in 

tumor microenvironment [56-58]. 

The adaptive immune system is regulated by different 

immune checkpoints, mainly cytotoxic T lymphocyte-

associated antigen 4 (CTLA-4) and PD-1/PD-L1. These 

checkpoints are important in self-tolerance and in 

regulation of the anti-tumoral immune response [54]. 

Cancer immunotherapy covers a broad spectrum, from an 

approach that focuses on attacking tumor cells to a strategy 

that targets the tumor microenvironment (TME) [59]. This 

article does not focus on approaches targeting TME. 

Immunotherapy in Triple-Negative and HER2+ BCs 

The characterization of the molecular portrait led to use the 

novel targeted therapy strategies. Like that, the immune 

profile of BCs has opened a door for immunotherapeutic 

strategies. Compared to standard CT, the immune-based 

approach has generally been demonstrated to improve 

progression-free survival (PFS) and overall survival (OS) 

and the pathological complete response rate (PCRR) in 

BCs [60-62]. TNBC is considered as the most 

immunogenic subtype of BCs, as well as lack of 

therapeutic targets in this group. Thus, the studies aiming 

immunotherapy mainly focused on TNBC [3,63]. 

There are some strategies for immunotherapeutic purpose 

[62]: 

1. Passive immunotherapy: This strategy includes the 

infusion of monoclonal antibodies (moAbs) which 

targeting cancer-specific antigen. Consequently, it 
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yields death of the cancer cells by the lysis or ADCC 

way. Another option of this strategy is the systemic 

administration of recombinant cytokines. 

2. Active immunotherapy: This strategy consists of the 

administration of immune check point inhibitors 

(ICIs) and vaccines. 

3. Adoptive immunotherapy: In order to eliminate 

cancer cells, adoptive immunotherapy exploits 

immune system cells such as autologous T cells. 

Immune Checkpoints Inhibitors (ICIs) 

CTLA-4 acts as a suppressive molecule able to inhibit both 

the proliferation and the effector functions of T cells [64]. 

PD-1 is an inhibitory receptor acting as a suppressor of 

both adaptive and innate immune responses [65]. CTLA-4 

overexpression is observed in about 50% of BC patients 

[66]. PD-L1 expression has been associated with positive 

lymph node metastasis, higher histological grade, larger 

tumor size, triple-negative subtype, and HER2 positivity 

[5]. Immune checkpoints inhibitors (ICIs) have been 

widely studied in BC treatments. PD-L1 has been widely 

used [63]. These inhibitors block CTLA-4 and/or PD-

1/PD-L1, allowing effector T cells to attack the tumor 

[66,67]. 

The immune-based approach has generally demonstrated 

effective clinical outcomes. However, many patients do not 

benefit from immunotherapy. To increase immunogenicity 

in BC, several combination strategies have been 

recommended, including anti-PD-1/PD-L1 or other 

immune modulatory molecules [60,62]. Atezolizumab and 

pembrolizumab are the FDA- and the EMA-approved ICIs 

in combination with CT for TNBC patients. 

Pembrolizumab was also approved by the FDA as a single 

agent for nine cycles for patients with high-risk stage II or 

III TNBC after surgery [62,68]. 

While atezolizumab is an anti- PD-L1 moAb, 

pembrolizumab is an anti-PD-1 moAb. Thus, both block 

the interaction between PD-1 and PD-L1 [69,70]. 

Both atezolizumab and pembrolizumab provided 

successful clinical activity with an acceptable safety profile 

in single agent immunotherapy trials. Moreover, their 

combination with CT, RT or targeted agents or different 

ICIs enhanced the immune responses through synergistic 

effects. These observations have promoted the 

development of novel therapeutic strategies, particularly in 

combination [60,61,69-71]. 

Several other ICIs such as nivolumab (an anti-PD-1 moAb) 

as well as avelumab and durvalumab (anti-PD-L1 moAbs) 

are under investigation for efficacy and safety, alone or in 

a combination. Unlike the others, avelumab provokes 

ADCC more [72-74]. 

Most of the studies on the effects of anti-CTLA4 inhibitors 

in breast cancer combined CTLA4 inhibitors with other 

treatments such as aromatase inhibitors, RT, and CT [5,66]. 

Despite the encouraging results, many patients do not 

respond to immunotherapy in the initial or ongoing steps 

of the therapy. As a result of multifaceted escaping 

mechanisms driven by either intrinsic factors related with 

tumor cell or extrinsic factors that involve the TME, tumor 

resistance develops against immunotherapy [63]. 

Variations in the gene expressions (for ex., affect PD-1 or 

IFN-γ), reduction/ loss of tumor antigens expression, 

reduction/loss of MHC expression, release of immune 

suppressive cytokines (i.e., IL-10, TGF-β) are among the 

major intrinsic factors that play important role in resistance 

against immunotherapy [75-77]. The migration of Tregs, 

MDSCs or TAM (particularly M2 macrophages) to TME, 

the PD-L1/CTLA-4 upregulation, secretion of 

immunosuppressive factors (such as TGF-β and IL-10) 

[75-79] are extrinsic factors operating within the TME. 
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In order to overcome the resistance to ICIs, novel 

immunotherapeutic strategies are being explored. 

Adoptive Cell Therapy (ACT) 

Different strategies have been evaluated for ACT. As one 

of the important, autologous or allogenic TIL-based 

therapy has been tested for all BC subtypes. In this strategy, 

the isolated TILs from the TME are reinfused back into the 

patient after ex-vivo activation and expansion by using IL-

2 [80]. 

But many patients don’t respond to TIL-based therapy. In 

order to overcome these obstacles, chimeric antigen 

receptor-T cell (CAR-T) therapy strategy appears to be 

important among other alternative strategies [5,62]. CAR-

T cell therapy relies on modifying T cell receptors (TCR) 

to give T cells the new ability to target a specific protein. 

Several CAR-T cells have been engineered to target 

different breast cancer antigens such as HER2, EGFR, 

HGFR/cMET, ROR1, AXL, MUC1, MSLN, CD70, 

CD133, CD44v6, EpCAM, CSGP4, ICAM1, TEM8, 

TROP2, FRα, GD2, NKG2D, CEA [81]. 

The results of CAR-T preclinical trials were promising in 

BCs; however, the therapy requires more optimization by 

testing their safety and activity. 

Vaccines 

Cancer vaccines represent a therapeutic approach to induce 

a durable immunologic response to eradicate tumor cells. 

In BCs, peptide/protein-based, cell-based and gene-based 

vaccination strategies have been evaluated in clinical trials. 

But none has led to significant benefits. Despite the 

disappointing results, various approaches have been 

explored to raise the efficacy of cancer vaccines such as 

combination with anti-HER2 monoclonal antibodies or 

immune checkpoint blockade [82]. In mice models, the 

combination of DC-based vaccines with PD-1/PD-L1 

inhibitors has produced measurable antitumor activity and 

survival benefits [83]. 

Peptide-based vaccines focus on eliciting antigen-specific 

T-cell response against overexpressed antigens on tumor 

cells such as HER2 and MUC1 in breast cancer [84,85]. 

This group vaccines commonly use a cytokine adjuvant to 

increase the efficacy [86]. 

Gene-based vaccines can be either recombinant tumor-

associated antigens expressed by viral vectors/bacterial 

plasmids or DNA vaccines. DNA vaccines are frequently 

combined with immunostimulatory molecules, such as toll-

like receptors (TLR). Both the recombinant and DNA 

vaccines help to activate targeted cellular and humoral 

immunity [4,87]. 

In the cell-based vaccination, whole tumor lysates are used 

instead of a specific antigen for their immunogenicity. 

Whole-cell tumor vaccines may induce a broader immune 

response [88,89]. 

In another cell-based vaccination, the patient is given in 

vitro activated DCs against BC cell antigens. Activated 

DCs prime and activate CD8 T cells specifically for 

tumoral antigens [90]. 

Combination Therapy in BCs 

Various strategies are under development to increase 

cancer targeting efficiency and disrupt metastasis [91-93]. 

BC therapy necessitates a multidisciplinary approach 

involving surgery, RT, CT, hormone therapy, targeted 

therapy, and immunotherapy. To ensure a good quality of 

life from BC treatments, it is aimed to maximize 

therapeutic efficacy and to minimize undesirable effects 

such as recurrence, resistance and toxic effects. The 

carefully chosen combination of therapeutic interventions 

appears to offer this potential opportunity [94]. 

Combination therapy attempts play a critical role in both 

eliminating undesirable effects and increasing the 

synergistic effect. The proper identification of the subtypes 
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and molecular pathways of BC would provide to select the 

best therapeutic strategy, alone or along with each other 

[29,43,87,95]. 

Numerous combination CT regimens have been evaluated 

in BC treatment so far such as CT plus immunotherapy, CT 

plus targeted therapy, targeted therapy plus 

immunotherapy, immunotherapy plus immunotherapy 

(Figure 1) [95,96]. 

 
Figure 1: A schematic representation of the major combination 

therapy options in BCs (Drawn using the information in 

references. Various dual or multiple combination options are 

available for breast cancer: for examples, TT+IT, TT/IT+ST, 

TT/IT+ST, ST+CT, ST+RT, ST+HT (dual) or ST+CT+RT 

(multiple), as well as targeted therapies directing to the different 

points on same pathway. 

ST: Surgical Therapy; RT: Radiotherapy; CT: Chemotherapy; 

HT: Hormonal Therapy; TT: Targeted Therapy; IT: 

Immunotherapy 

Abscopal Effect 

Abscopal effect in oncology is a term used to describe 

systemic, non-target effect, antitumor effects triggered by 

local applications of radiation targeting local tumors. Its 

mechanism has not yet been fully resolved and in fact the 

term refers to any biological effect triggered by local 

therapy [97]. 

In the mechanisms of the abscopal effect, such studies 

suggest that the antitumor immune response induced by 

local RT is one of the key factors. The RT-induced local 

tissue destruction results in antigenic spreading. The 

antigenic spreading enhances the secretion of 

chemoattractant molecules, namely CXCL16, which 

activate CD8 effector T cells [98]. 

The combination ICIs with RT ensured a longer tumor 

growth delay, and a better long-term survival in mice [99]. 

This synergistic strategy may be an important treatment 

option for incurable metastatic BCs and for converting 

non-responders to immune therapy to responders. 

CONCLUSION 

Breast cancers are highly heterogeneous with several 

subtypes. They are generally immunologically cold 

tumors.  Each subset of breast cancer has different 

prognostic features and differs from each other in terms of 

therapeutic approach. With associated complex 

mechanisms, such as epi(genetic) changes in signaling 

pathways important for cancer cell survival and 

progression, resistance to therapeutic agents is a common 

problem. However, significant advances have been made 

in the targeted and immunotherapy of BCs in recent years. 

Knowledge of its molecular or immunological mechanisms 

plays a critical role in choosing the most appropriate 

treatment option. Several agents that block key pathways 

for breast cancer have contributed to significant clinical 

outcomes. Some of them, even immunotherapeutic, have 

recently been approved by the US FDA and EMA. Taken 

together, these developments in targeted therapies and 

immunotherapies hold promise for future clinical trials 

targeting breast cancers. 

LIMITATION 

This review is not a systematic review study and is 

vulnerable to selection bias. For the best treatment 

modality for BC patients, it is needed further trials. In the 

selection of the therapy strategy should be considered 
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subtypes, stages and molecular characteristic of BC, suffer 

from which the patient. 
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