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Abstract- The relationship between stress and cancer 

progression has been the subject of increasing scientific 

interest in recent years. Chronic stress has been 

implicated in a variety of physiological changes that may 

influence cancer recurrence and metastasis. This review 

explores the molecular and cellular mechanisms by 

which stress affects cancer progression, with particular 

focus on disease recurrence and metastasis. 

Understanding the impact of stress on cancer biology is 

crucial for identifying potential therapeutic strategies 

that could improve patient outcomes, reduce relapse, and 

prevent cancer spread. 
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I.INTRODUCTION 

Cancer recurrence and metastasis remain two of the 

most significant challenges in cancer treatment. While 

advances in cancer therapies have improved survival 

rates, many patients continue to experience relapses 

and metastatic disease. Recent evidence suggests that 

psychological stress may play a role in the progression 

of cancer, influencing both recurrence and metastasis. 

Psychological stress, especially chronic stress, has 

been shown to induce biological changes that can 

promote tumor growth, alter immune responses, and 

increase the ability of cancer cells to spread. 

This article reviews the existing literature on the 

interplay between stress and cancer, particularly 

focusing on how stress may contribute to cancer 

recurrence and the spread of tumor cells to distant 

organs. By understanding these mechanisms, novel 

strategies to mitigate the effects of stress on cancer 

progression may emerge, leading to improved 

treatment and outcomes for cancer patients. 

Stress and Cancer Progression 

Cancer progression refers to the growth and spread of 

cancer cells within a primary site. Stress-induced 

physiological changes, particularly the activation of 

the hypothalamic-pituitary-adrenal (HPA) axis and the 

sympathetic nervous system (SNS), have been found 

to play a significant role in promoting tumor 

progression. 

1. Stress-Induced Hormonal Changes 

Chronic stress leads to the sustained release of 

glucocorticoids (e.g., cortisol) and catecholamines 

(e.g., norepinephrine, epinephrine). These hormones 

can influence tumor cells through multiple pathways: 

 

Immune Suppression: Cortisol, the primary stress 

hormone, has potent immunosuppressive effects. 

Long-term activation of the HPA axis can reduce the 

body’s ability to mount an immune response against 

cancer cells. This immune suppression could result in 

the survival of pre-cancerous or cancerous cells that 

would otherwise be targeted by the immune system. 

Angiogenesis: Catecholamines and cortisol have been 

shown to promote angiogenesis in tumors. 

Angiogenesis, the formation of new blood vessels, is a 

critical process for tumors to obtain nutrients and 

oxygen. By stimulating angiogenesis, stress hormones 

can facilitate tumor growth and expansion. 

Inflammation: Chronic stress is associated with 

increased levels of pro-inflammatory cytokines. These 

inflammatory mediators create an environment 

conducive to tumor growth and progression, as 

inflammation can promote cell proliferation, inhibit 

apoptosis, and enhance metastatic potential. 
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2. Altered Tumor Microenvironment 

Stress can influence the tumor microenvironment 

(TME), which is the surrounding cellular environment 

in which cancer cells grow. Stress-induced factors 

such as increased cortisol and inflammatory cytokines 

can alter the TME, making it more conducive to tumor 

survival and progression. 

3. Cancer Stem Cells and Resistance to Therapy 

Chronic stress has also been linked to the activation of 

cancer stem cells (CSCs)—a small subset of cells 

within tumors that are responsible for initiating and 

sustaining cancer growth. Stress can increase the 

survival and proliferation of these cells, contributing 

to relapse and the development of therapy-resistant 

cancer. 

Stress and Cancer Recurrence 

Cancer recurrence refers to the return of cancer after 

treatment. It remains a major concern for patients who 

have undergone surgery, chemotherapy, or radiation. 

Stress is believed to play a role in cancer recurrence 

through various mechanisms: 

1. Suppressed Immune Surveillance 

As previously mentioned, chronic stress impairs 

immune function. This is particularly concerning after 

cancer treatment, as the immune system is responsible 

for eliminating residual cancer cells that might have 

been left behind after surgery or treatment. Hormonal 

Regulation and Tumor Dormancy 

Many cancers, including breast, prostate, and ovarian 

cancers, can enter a dormant phase after initial 

treatment. Specifically, cortisol can promote cell 

survival and prevent apoptosis in these dormant cells, 

leading to a higher chance of relapse when the stress 

response is triggered. 

2. Behavioral Factors 

Chronic stress can negatively affect a patient’s health 

behaviors, including diet, physical activity, and 

adherence to treatment regimens. Stress may lead to 

poor health outcomes by affecting these behaviors, 

increasing the risk of recurrence. Additionally, stress 

may interfere with a patient’s psychological well-

being, leading to depression and anxiety, which can 

further diminish the quality of life and hinder the 

recovery process. 

Stress and Cancer Metastasis 

Metastasis is the spread of cancer cells from the 

primary tumor to distant organs. It is responsible for 

the majority of cancer-related deaths, and 

understanding the role of stress in metastasis is critical 

for developing strategies to prevent the spread of 

cancer. 

1. Increased Cancer Cell Migration 

Research has shown that stress can promote the 

migration of cancer cells from the primary tumor to 

distant sites. Stress hormones like norepinephrine and 

epinephrine can bind to receptors on cancer cells, 

activating signaling pathways that enhance cell 

migration to travel to distant organs where they can 

form secondary tumors. 

2. Epithelial-to-Mesenchymal Transition (EMT) 

Stress is known to activate pathways involved in 

epithelial-to-mesenchymal transition (EMT), a 

process that enables cancer cells to acquire migratory 

and invasive properties. EMT is crucial for the 

initiation of metastasis, as it allows epithelial cancer 

cells, which are typically adherent and non-invasive, 

to become more mobile and invasive. Tumor 

Microenvironment and Immune Evasion 

The stress-induced changes to the TME that promote 

tumor growth can also contribute to metastasis. In 

particular, stress can alter immune responses at 

metastatic sites, creating an environment that is more 

conducive to cancer cell survival and expansion 

Potential Therapeutic Interventions 

1. Psychological Interventions 

Psychological interventions such as cognitive-

behavioral therapy (CBT), mindfulness-based stress 

reduction (MBSR), and relaxation techniques have 

shown promise in reducing stress levels in cancer 

patients. These interventions may help regulate the 

physiological stress response and improve the overall 

well-being of patients, which could, in turn, reduce the 

risk of recurrence and metastasis. 
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2. Pharmacological Approaches 

Medications that block the effects of stress hormones, 

such as beta-blockers (which inhibit the effects of 

norepinephrine) and glucocorticoid receptor 

antagonists, have been proposed as potential adjuncts 

to cancer therapy.  

3. Exercise and Lifestyle Modifications 

Regular physical activity and lifestyle changes have 

been shown to reduce stress and improve immune 

function. Exercise not only reduces stress hormones 

but also boosts overall immune health, which could 

help in preventing cancer recurrence and metastasis. 

Neuroendocrine–Immune Interactions in Stress-

Mediated Cancer Progression 

An emerging area of research focuses on the 

interaction between the neuroendocrine and immune 

systems in mediating the relationship between stress 

and cancer progression. Psychological stress activates 

neuroendocrine pathways, particularly the 

hypothalamic–pituitary–adrenal (HPA) axis and the 

sympathetic nervous system (SNS), resulting in the 

systemic release of glucocorticoids and 

catecholamines. These stress mediators have been 

shown to influence immune cell activity and 

inflammatory signaling pathways that are directly 

involved in tumor growth and metastasis (Antoni et 

al., 2006; Cole et al., 2015). 

Glucocorticoids such as cortisol regulate numerous 

physiological processes, including immune 

surveillance and inflammatory responses. Under 

conditions of chronic stress, persistent elevation of 

cortisol can suppress cytotoxic T lymphocyte activity 

and natural killer (NK) cell function, both of which 

play essential roles in identifying and eliminating 

malignant cells. Reduced NK cell cytotoxicity has 

been associated with increased tumor development 

and progression, suggesting that stress-induced 

immune suppression may create a favorable 

environment for tumor survival and dissemination 

(Reiche et al., 2004). 

Similarly, catecholamines released through 

sympathetic nervous system activation can bind to β-

adrenergic receptors expressed on tumor cells and 

stromal cells within the tumor microenvironment. 

Activation of these receptors triggers intracellular 

signaling pathways that promote angiogenesis, tumor 

cell proliferation, and resistance to apoptosis. 

Experimental studies have demonstrated that 

adrenergic signaling can increase the expression of 

vascular endothelial growth factor (VEGF) and matrix 

metalloproteinases (MMPs), molecules that facilitate 

tumor vascularization and extracellular matrix 

remodeling, both of which are critical steps in 

metastasis (Sood et al., 2010; Sloan et al., 2010). 

Another significant mechanism through which stress 

contributes to cancer progression is through the 

modulation of inflammatory pathways. Chronic 

psychological stress has been associated with 

increased levels of pro-inflammatory cytokines such 

as interleukin-6 (IL-6), tumor necrosis factor-alpha 

(TNF-α), and interleukin-1β (IL-1β). These cytokines 

can promote tumor cell survival, stimulate 

angiogenesis, and enhance metastatic potential. 

Moreover, inflammation within the tumor 

microenvironment has been shown to facilitate 

epithelial-to-mesenchymal transition (EMT), a 

biological process that enables cancer cells to acquire 

invasive and migratory properties necessary for 

metastasis (Zhou et al., 2021). 

In addition to these molecular mechanisms, stress may 

also influence cancer progression through epigenetic 

modifications and gene expression changes. Stress-

related signaling pathways have been found to regulate 

transcription factors such as nuclear factor kappa B 

(NF-κB) and signal transducer and activator of 

transcription 3 (STAT3), both of which are known to 

promote tumor survival and inflammatory signaling. 

Activation of these transcription factors contributes to 

the expression of genes involved in tumor 

proliferation, immune evasion, and metastatic spread 

(Cole et al., 2015). 

Collectively, these findings highlight the multifaceted 

role of stress in cancer biology. The neuroendocrine 

and immune pathways activated during chronic stress 

interact to create a tumor-promoting environment that 

supports cancer cell survival, growth, and 

dissemination. These insights emphasize the 

importance of addressing psychological stress as a 
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significant biological factor in cancer progression and 

suggest that integrative approaches combining 

conventional cancer therapies with stress management 

interventions may enhance therapeutic outcomes. 

II.CONCLUSION 

The growing body of evidence linking stress to cancer 

recurrence and metastasis underscores the complex 

interplay between psychological, hormonal, and 

immune responses in cancer progression. Chronic 

stress promotes tumor growth, supports the survival of 

dormant cancer cells, and enhances the ability of 

cancer cells to metastasize. Understanding these 

mechanisms opens the door to novel therapeutic 

strategies that could improve cancer outcomes by 

addressing the effects of stress on cancer biology. As 

research continues, integrating stress management into 

cancer care could become an essential part of 

comprehensive treatment strategies aimed at the 

reducing of cancer cells relapse. 
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