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Abstract
COVID-19 has affected several aspects of health care systems 
worldwide. While our understanding of the impact of cancer and 
its treatment on COVID-19 mortality is improving, there is still 
little known regarding the possible mechanisms by which 
COVID-19 might affect cancer cells, especially breast cancer. 
Several factors activated during COVID-19 have been implicated 
in tumorigenesis and the development of metastasis. 
Inflammation, hypoxia, reduced levels of angiotensin-converting 
enzyme 2, and elevated levels of interleukin 6 and some other 
cytokines that are hallmarks of COVID-19 are capable of 
inducing tumor relapse and metastasis. Understanding the 
interaction between COVID-19 and breast cancer cells is essential 
for evaluating the potential long-term risks of COVID-19 in 
patients and for scheduling necessary preventive, screening, and 
therapeutic interventions. 
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Introduction 

Since the beginning of the COVID-19

pandemic, several experts have suggested 

that patients with cancer were more prone 

to developing severe infection and had a 

higher rate of mortality from COVID-19

(1, 2). 

A recent study in the United States 

estimated 33,890 excess deaths among 

cancer survivors over the age of 40 as a 

result of COVID-19 (3). While our 

understanding of the impact of cancer and 

its treatment on COVID-19 mortality is 

improving, there is still little known 

regarding the possible mechanisms by 

which COVID-19 might impact cancer 

cells. As a result, the potential long-term 

effects of COVID-19 on cancer prognosis 

remain unclear (4). 

As COVID-19 alters regulations that are 

implicated in cancer pathogenesis, there 

are concerns about potential interactions 

between the two diseases (4). Regarding 

breast cancer, there are reports on 

discontinuation of screening, delaying the 

surgeries, and alterations and adaptation of 

chemotherapy and radiotherapy protocols 

to reduce hospital visits, which, in turn, 

might result in increased rates of disease 

progression, morbidity, and mortality (5). 

Furthermore, there are speculations that 

COVID-19 might have detrimental effects 

on tumor microenvironment and 

pathophysiology, and, as a result, patients 

with a history of cancer who develop 

COVID-19 might be at higher risk of 

cancer-related death. 

Although there is no robust evidence that 

COVID-19 might modulate cancer 

pathophysiology, it seems prudent to 

assume that COVID-19 may create a 

microenvironment favorable to cancer 

recurrence, for instance, by awakening the 

dormant breast cancer cells (6). 

Therefore, it seems essential to understand 

the impacts of COVID-19 on tumor cells 

and their microenvironment as COVID-19

might have a negative impact on the 

survival of patients with cancer. Also, 

scheduling timely preventive and 

therapeutic interventions depends on the 

understanding of the potential long-term 

risks of COVID-19 in cancer patients.  

In this review, we briefly overview the 

potential effects that COVID-19 might 

have on breast cancer tumorigenesis and its 

relapse. 

Chronic inflammation 

Cytokine release and inflammation are 

hallmark events occurring during severe 

COVID-19. There is evidence that this 

phenomenon may have a role in activating 

dormant cancer cells (DCCs) (4). DCCs 

are cells that survive oncological 

treatments and usually disseminate early 

and localize in specific compartments of 

metastasis-prone distant organs, where 

they enter a clinically asymptomatic period 

called metastatic dormancy (6). During this 

period, DCCs are hardly detectable with 

current diagnostic methods. 

It has been suggested that all patients with 

a history of cancer may have DCCs (6). 

Reactivation of these cells under the 

influence of several microenvironmental 

triggers such as inflammatory signals 

might lead to tumor relapse and metastasis 

(4, 6). 

Distinguishing between self and non-self is 

one of the cardinal characteristics of the 

immune system. It has been shown that 

inflammation can cause the immune 

system to lose this ability. This can, to 

some extent, explain why chronic 

inflammation caused by viral infections 

might be associated with increased tumor 

growth and metastasis (4). 
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COVID-19-induced inflammation may 

affect the tumor cells by means of the 

above-mentioned mechanisms. 

Hypoxia 

COVID-19 is frequently accompanied by 

thrombosis and tissue hypoxia. In solid 

tumors, these events are considered 

hallmarks of poor prognosis. Pathological 

hypoxia is a major factor which leads to 

tumor cell survival (7). 

Hypoxia induces neovascularization and 

enhances angiogenesis, and these, in turn, 

facilitate extravasation and dissemination 

of tumor cells to other parts of the body 

(7). 

Hypoxic microenvironments present in 

COVID-19 patients may play several roles 

in breast cancer recurrence. The first 

possible impact is that hypoxia might 

cause cancer cells to enter the dormant 

state and survive, a phenomenon that can 

result in tumor relapse and metastasis. 

Second, hypoxia can cause the existing 

And third, hypoxia can generate aggressive 

drug-resistant phenotypes that lay the 

ground for subsequent tumor relapse (6). 

Angiotensin-converting enzyme 2 

The local renin-angiotensin system has 

been demonstrated to influence cancer 

cells to proliferate and infiltrate other 

tissues. 

As angiotensin-converting enzyme 2 

(ACE2) gene expression in human breast 

tissue is high (even higher than in the lung 

tissue), some experts have suggested that 

COVID-19 might be able to cause the 

transformation of normal breast cells (8).

ACE2 gene expression is negatively 

associated with breast cancer progression 

and metastasis. Compared with malignant 

breast cells, normal breast cells have 

significantly higher levels of ACE2 

protein. Therefore, the inactivation of 

ACE2 can result in malignant growth in 

breast cells and consequently local 

infiltration and metastasis (8). 

One crucial step in the entrance of SARS-

CoV-2 into target cells is its binding to the 

ACE2 receptor. Recent data indicate that 

COVID-19 can downregulate ACE2 

expression on cells and block ACE2, 

precluding its protective effects against 

tumorigenesis (8). 

Inflammatory cytokines 

Cytokine release syndrome (CRS) is a life-

threatening consequence of severe 

COVID-19. Recent data indicate that many 

cytokines that can promote tumorigenesis 

might be elevated in the plasma of patients 

with severe COVID-19 (4). These 

cytokines include but are not limited to 

interleukin 6 (IL-

endothelial growth factor, tumor necrosis 

factor- - -1 (especially IL-

granulocyte colony-stimulating factor, 

granulocyte-macrophage colony-

stimulating factor, and transforming 

demonstrated that elevated levels of IL-1b 

and IL-6 are involved in the progression 

and relapse of breast cancer.  

Elevated levels of IL-6 and other cytokines 

released during severe COVID-19 can 

result in an extensive activation of nuclear 

factor kappa B (NF-

and non-immune cells (6). NF-

protein complex with multiple key roles in 

the cell, including controlling DNA 

transcription, cytokine production, and cell 

survival. Activation of NF-

premetastatic niches may contribute to 

DCC awakening. This might occur both 

directly by stimulating cancer cell 

proliferation and indirectly by promoting 

the formation of a prometastatic 

microenvironment (6). 
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Neutrophils and neutrophil extracellular 

traps 

COVID-19 is often associated with 

profound immune system alterations,  

including a reduced number of natural 

killer cells and T cells in the peripheral 

blood, and a dysregulated activation of 

monocytes, neutrophils, and tissue 

macrophages (6). Activated neutrophils 

release several tissue-damaging products 

including neutrophil extracellular traps 

(NETs) that are web-like structures of 

proteins and DNA. 

NETs entrap pathogens and provide a 

suitable environment for a high 

concentration of antimicrobial 

components. On the other hand, they also 

create a physical barrier that prevents 

immune cells from accessing tumor cells 

(6). As a result, they contribute to tumor 

immune evasion and protect tumor cells 

from CD8+ T cell- and NK cell-mediated

cytotoxicity (6). Furthermore, they are 

actively involved in the awakening of 

DCCs (6). In breast cancer, NETs have 

been linked to enhanced disease 

progression and metastasis. 

Conclusion 

The interaction between COVID-19 and 

breast cancer is complex. Evidence

suggests that breast cancer patients who 

develop COVID-19 are probably at higher 

risk of disease recurrence and metastasis. 

Further research is needed to improve our 

knowledge of the biology of SARS-CoV-2

and its correlation with breast cancer 

prognosis. 
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