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Abstract: Depression is a common co-morbidity among cancer cases, which has a detrimental influence on cancer 
treatment and prognosis. Recent advancements in the neurobiology of depression and cancer pathophysiology 
have revealed several shared biobehavioral mechanisms and introduced new therapeutic strategies. In this re-
view, we summarize the biological mechanisms driving cancer-related depression, including psychosocial factors, 
immuno-inflammatory processes, chronic stress, dysbiosis of gut microbiota, and medically-induced factors. In-
terventions used for cancer-related depression may include psychosocial therapies, pharmacological therapies, 
immunotherapies, psychobiological medications, and dietary strategies. This review could inspire the elucidation 
of possible co-occurring mechanisms and complex interactions between cancer and depression, provide an oppor-
tunity to propose faster and more effective therapies for cancer-related depression, and well as new strategies for 
cancer in the future.
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Introduction

It is widely recognized that both cancer and 
depression are significant reasons of disability 
and death across the globally. The occurrence 
of depression has been rising steadily each 
year, and data from 1990 to 2017 indicate a 
significant rise in its prevalence [1]. World- 
wide, the incidence of depression has risen by 
49.86% [1]. Major depression is highly debili-
tating, with a disability rate reaching 37.3%, 
making it the primary cause of disability among 
psychiatric disorders [2]. WHO statistics sug-
gest that about 4.2% of China’s population suf-
fers from depression [3]. It is anticipated that 
by 2030, major depression will be the key rea-
son of global disability [3]. Cancer represents  
a significant challenge in contemporary medi-
cine and public health. Cancer-related deaths 
account for approximately 15-20% of annual 
global deaths, and this proportion is increasing 
significantly each year [4]. Worse still, when 
these two diseases occur together, it will exac-
erbate the burden on the patients and society.

A cancer diagnosis can be psychologically and 
emotionally stressful for patients, and when it 
exceeds their coping mechanisms, it may lead 
to major depression. While the diagnosis of 
cancer can trigger a rapid onset of psychologi-
cal and emotional stress, the significant inci-
dence of depression in cancer patients may 
extend beyond the realm of psychological 
stress, suggesting the involvement of other 
contributing factors. Cancer-related depression 
(CRD) is a complex condition influenced by psy-
chosocial, biological, and medical factors. Re- 
cent advancements in understanding the neu-
robiology of depression and the pathophysiolo-
gy of cancer have uncovered several shared 
biobehavioral mechanisms.

This review explores the biological mechanisms 
of underlying CRD, including tissue damage, 
inflammatory mediators, chronic stress res- 
ponses, gut microbial pathways, and possible 
medical causes. Additionally, it will briefly dis-
cuss the adverse effects of CRD and therapeu-
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tic strategies aimed at addressing this condi- 
tion.

Correlations between cancer and depression

Depression is more prevalent among cancer 
patients [5]. Research has shown that depres-
sion occurrence rate is obvious higher among 
cancer cases, with rates varying from 1.5% to 
50%, and an average prevalence of 15% to 
29% [6]. In addition, patients diagnosed with 
cancer experience more significant distress 
than those diagnosed with non-oncological dis-
eases [7]. Prolonged high-level mental distress 
may cause cancer patients to develop anxiety, 
depression, or both [8]. Age and gender are 
also essential factors in the incidence of 
depression [8]. There is evidence that age is 
negatively correlated with depression in certain 
cancers in adults, but with no significant corre-
lation in adolescents; Female patients are 
three times more prone to be depressed than 
males in specific cancer types. Moreover, the 
primary site of cancer can significantly affect 
the occurrence of depression. Pancreatic and 
lung cancers are associated with the highest 
incidences, while invasive skin cancers have 
the lowest rates [8].

Conversely, mood disorders was found to ac- 
celerate the progression of chronic inflamma-
tory diseases, such as cancer [9]. Depression 
can drastically diminish patients’ quality of life 
(QOL) and contribute to higher cancer mortality 
rates [10, 11]. A meta-analysis has shown that 
individuals with mild depressive symptoms may 
experience a 25% higher risk of mortality com-
pared to those without depression, while severe 
depression raises the mortality rate among 
cancer patients by 39% [12]. These result indi-
cate a bidirectional association in cancer and 
depression, yet the specific biological mecha-
nisms underlying this connection are not com-
pletely clear.

A glance at pathogenic theories of depression

Depression, which a complex disorder with a 
multifactorial origin, and its pathogenesis is 
still not fully determined. Current theories in- 
clude the psychosocial and genetic hypothesis, 
the monoamine hypothesis, the HPA axis dys-
function model, as well as the neurotrophic  
and inflammatory hypotheses. Additionally, the 
microbiota-gut-brain axis is increasingly being 

recognized as a key factor in understanding 
depression. However, no single hypothesis fully 
explains the pathological mechanisms of de- 
pression, as many of these mechanisms inter-
act with each other. Therefore, the etiology of 
depression cannot be explained from a singular 
perspective.

Genetic and psychosocial hypothesis

Although the etiology of Major Depressive 
Disorder (MDD) remains unclear, considerable 
research utilizing diverse models has explored 
the genetic and environmental factors, which 
are associated with the disorder [13]. In recent 
years, certain research has highlighted the sig-
nificant influence of genetic factors in contrib-
uting to depression [14]. MDD has a heritability 
ranging from 30 to 50% [15]. Genomic research 
has identified over 100 genetic loci and neuro-
nal calcium signaling pathways related to high-
er risk of MDD [16]. Although numerous genetic 
researches have been conducted, there has 
not been a definitive identification of a single 
genetic variant that significantly elevates the 
risk for MDD [15]. It is proposed that genetic 
variants alone have a limited impact on disease 
risk, and the combination of multiple genetic 
factors with environmental influences, like 
stress, may be key in developing major depres-
sive disorder (MDD) [17].

Traumatic or stressful life experiences are sig-
nificant environmental risk factors for the on- 
set MDD. The exact pathomechanism linking 
social stress to depression remains unclear. 
The uncertainty mainly arises from the chal-
lenge of distinguishing social factors from ge- 
netic ones in cases and the impracticality of 
using animal models to study relevant environ-
mental stressors [16]. Research into microglia 
and astrocyte damage has underscored the 
function of glial cells in the emergence of 
depressive-like behaviors induced by environ-
mental factors [18]. Furthermore, depression 
may cause various comorbidities, including 
neurodegenerative diseases, cardiovascular di- 
seases, metabolic disorders, and endocrine 
disorders [16]. The association in depression 
onset and different diseases is complex, with 
the two often influencing each other. The coex-
istence of additional conditions amplifies the 
social and economic consequences of depres-
sion [19].
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The monoamine theory

Tricyclic antidepressants (TCAs) block the reup-
take of synaptic serotonin (5-HT) and norepi-
nephrine (NE) by inhibiting the serotonin trans-
porter (SERT) and norepinephrine transporter 
(NET), thereby raising the concentrations of 
5-HT and NE in the synaptic cleft [20]. Des- 
pite structural differences and varying sites of 
action among antidepressants, the monoamine 
theory suggests that shortage in monoamine 
neurotransmitters, like 5-HT, dopamine (DA), 
and NE, are the fundamental causes of clinical 
depression [21].

Specifically, 5-HT is crucial in the pathophysiol-
ogy of depression, and depletion of the 5-HT 
precursor tryptophan leads to decreased levels 
of 5-HT and reduced functional connectivity in 
specific brain zones associated with cognitive 
processes [22]. This hypothesis, however, is 
primarily based on the serendipitously discov-
ered drugs with antidepressant effects. Mo- 
noamine oxidase inhibitors (MAOIs) exert their 
antidepressant effects by inhibiting the degra-
dation of monoamine neurotransmitters in the 
synaptic cleft, they all acutely elevate synaptic 
monoamine levels. Consequently, the observa-
tion that depression can be alleviated by both 
MAOIs and monoamine reuptake provides ro- 
bust support for the monoamine hypothesis.

The HPA axis theory

The HPA axis is intricately connected to depres-
sion; stress activation of it can lead to changes 
to cognition and mood [23]. Elevated HPA activ-
ity is frequently observed as a neurobiological 
change in individuals with depression. The HPA 
axis serves as the main system for stress 
response, orchestrating the production of glu-
cocorticoids (GC). When stress triggers the HPA 
axis, the paraventricular nucleus (PVN) of the 
hypothalamus quickly releases corticotropin-
releasing hormone (CRH) and arginine vaso-
pressin (AVP) [24]. This activation induce the 
anterior pituitary gland to release adrenocorti-
cotropic hormone (ACTH), which then promotes 
the production and release of glucocorticoids 
(GCs) into the bloodstream, ultimately leading 
to elevated levels of these stress hormones in 
circulation.

GCs, including cortisol, bind to glucocorticoid 
receptors (GRs) found in the pituitary gland, 

hypothalamus, and different regions in limbic 
system, including the amygdala, hippocampus. 
These regions are essential for regulating emo-
tional responses and cognitive functions, high-
lighting the significant role GCs play in both 
emotional and mental processes. GCs also 
negative regulate the HPA axis. Some scholars 
found that HPA axis dysregulation and elevated 
GC levels are central to the development of 
depression, making GR a potential target for 
depression therapy [25].

Neurotrophic theory

Recent research has established a strong 
association in the onset of depression and 
abnormal activities within the prefrontal cor- 
tex (PFC) and limbic system [26]. These brain 
regions are related to neuroplasticity, and irreg-
ularities in their function have been connected 
to deficits in neuroplasticity, which is a key fac-
tor in the development of depression. This sug-
gests that neurons can restructure in response 
to environmental changes. Neurotrophic fac-
tors that bind to tyrosine kinase receptors are  
a crucial factor influencing this reorganization.

The most well-known and essential factor in 
neuroplasticity across the nervous system is 
brain-derived neurotrophic factor (BDNF) [27, 
28]. It is now understood that BDNF regulates 
neuronal activity and is produced by neurons 
and astrocytes [29]. BDNF, produced by astro-
cytes after extended antidepressant treat- 
ment, may improve synaptic plasticity at pre-
synaptic terminals by facilitating neurotrans-
mitter release [30]. Additionally, BDNF secreted 
by astrocytes can stimulate neurogenesis in 
the adult hippocampus, influencing the long-
term behavioral effects of antidepressants 
[30].

Another neurotrophic factor, glial cell-derived 
neurotrophic factor (GDNF), is crucial for ner-
vous system development and regeneration. Its 
dysregulation may contribute to various neu- 
rological disorders, including depression [31]. 
Recent research indicates that diminished neu-
rogenesis in the hippocampus of individuals 
with depression correlates with decreased lev-
els of GDNF [31].

Inflammation theory

Declining physical well-being and psychological 
health could potentially be related to the exces-
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sive activation of pro-inflammatory factors [32]. 
Several meta-analyses have demonstrated el- 
evated levels of such factors, including IL-6, 
IL-8, IL-1β, TNF-α, soluble IL-2 receptor (sIL-2R), 
and C-reactive protein (CRP), in the peripheral 
blood of MDD case [33, 34]. Longitudinal stud-
ies have found that higher CRP levels can pre-
dispose individuals to future depressive symp-
toms, supporting the theory that immune ac- 
tivation may cause the onset of depression 
[35].

Proinflammatory cytokines can activate indole-
amine-2,3-dioxygenase (IDO), diverting trypto-
phan from the 5-HT pathway to the kynurenine 
(KYN) pathway (Figure 1), thus reducing 5-HT 
production [36]. In microglia, KYN can be fur-
ther metabolized into quinolinic acid (QUIN), a 
strong agonist of the N-methyl-D-aspartate 
(NMDA) receptor, which stimulates glutamate 
release, significantly increasing Ca2+ efflux and 
inhibiting glutamate reabsorption by glial cells. 
Hyperexcitability of NMDA receptors, caused by 
inadequate synaptic clearance, results in neu-
ronal death through excitotoxicity [37].

The glutamatergic system is very closely relat-
ed to the depression [38]. Glutamine synthe-
tase converts glutamate into glutamine, which 
subsequently enters GABAergic neurons and is 
metabolized into GABA. QUIN also blocks the 
expression of glutamine synthetase, which le- 
ads to reduced production of GABA, the prima-
ry inhibitory neurotransmitter in the developed 
brain. Numerous studies indicate that a disrup-
tion in GABAergic transmission may significant-
ly impact the pathogenesis process of depres-
sion [39]. QUIN and other tryptophan degra- 
dation products amplify the release of inflam-
matory cytokines, caused stronger production 
of these signaling molecules [40]. They also 
exacerbate both oxidative and nitrosative 
stress, which promote the cellular damage 
[40]. This process results in lipid peroxidation, 
impairing the integrity of cell membranes, as 
well as mitochondrial dysfunction, which dis-
rupts cellular energy production, and DNA da- 
mage, potentially leading to mutations and 
impaired cellular functions [40]. The human 
brain is highly vulnerable to oxidative stress for 
lower antioxidant defenses and high oxygen 
usage, making it more prone to oxidative 
damage.

Increased pro-inflammatory cytokines, com-
bined with reduced signals from anti-inflamma-
tory mediators, can shift T cell differentiation 
towards the Th1/Th17 helper T cell phenotype 
instead of regulatory T (Treg) cells. This shift 
further enhances the generation of pro-inflam-
matory mediators (e.g., interferon, IL-2), there-
by creating a vicious cycle [41, 42]. Additionally, 
inflammasomes present in microglia have the 
capacity to be triggered by reactive oxygen  
species (ROS), which initiates a cascade that 
caused the increased expression of inflamma-
tory cytokines, including TNF-α, IL-1β, and IFN-γ 
[43].

Microbiota-gut-brain axis theory

Recently, observations have noted disturbanc-
es in the microbiota-gut-brain axis among pa- 
tients suffering from depression [44]. Stressful 
stimuli can significantly impact the function of 
the gut microbiota, leading to positive influence 
in the production of inflammatory mediators, 
particularly IL-6 and IFN-γ [45]. Additionally, 
these stressors contribute to a reduction in the 
levels of short-chain fatty acids (SCFAs), which 
is a key factor in maintaining overall homeosta-
sis [45]. Increased inflammatory cytokine lev-
els may result from microbiota disruption, 
which can also compromise the intestinal bar-
rier [46].

Toxic byproducts generated by proinflammatory 
cytokines or microbiota alterations may breach 
the blood-brain barrier, elevating cytokine lev-
els in brain-resident cells [47, 48]. Specifically, 
with these inflammatory cytokines, microglia 
and astrocytes are activated, and altered in 
their interactions. Alterations in glial cells affect 
brain networks that are crucial for learning, 
memory, and the regulation of emotions, and 
mood modulation, potentially leading to de- 
pressive symptoms or anxiety episodes [49].

Pathogenic mechanisms of cancer-related 
depression

A cancer diagnosis can be very stressful psy-
chologically and emotionally for the patient. 
While sadness is a common response to a  
cancer diagnosis, excessive stress that over-
whelms a patient’s coping abilities can result in 
significant depression. Depression induced by 
cancer is a multifaceted condition that encom-
passes psychosocial, biological, and medical 
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Figure 1. The immunoinflammatory mechanisms of CRD occurrence. TRP is metabolized in the body mainly to 5-HT 
and TRP. TRP generates 5-HT by the enzyme TPH, and 5-HTPDC. TRP is metabolized to KYN in response to IDO and 
TDO, with subsequent metabolism broadly categorized into two pathways: the TRP-KYN-3-HK-QUIN pathway located 
in microglia and the TRP-KYN-KYNA pathway located in astrocytes. QUIN is a potent NMDA receptor agonist that 
causes neuroexcitotoxicity and neurodegeneration associated with depression. Intermediate product 3-HK induces 
neuron cell death through oxidative stress mediated by free radicals. KYNA is the only endogenous antagonist of 
NMDA receptors and can attenuate QUIN-induced excitotoxicity. Cancer-induced inflammation and the excessive ac-
cumulation of pro-inflammatory cytokines (e.g., IFN-γ, IL-1β) can enhance the activity of IDO and KMO. This promotes 
tryptophan metabolism in favor of the TRP-KYN-3-HK-QA excitotoxic pathway, which causes an increase in QUIN 
and neuron cell death. Overproduction of QUIN causes an imbalance between excitotoxicity and neuro-protection, 
resulting in depression. Elevated QUIN also down-regulates glucocorticoid receptors, causing negative feedback 
dysregulation of the HPA axis, leading to an excessive release of glucocorticoids, which not only causes depression 
but also further activates TDO. IDO also exhibits immunosuppressive properties, reducing the number of immune 
cells and impairing their functions, which can facilitate cancer progression.
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elements. Although a cancer diagnosis can 
lead to a rapid onset of psychological and emo-
tional stress, the elevated prevalence of de- 
pression in cancer cases may partly due to the 
psychological stress of the illness alone. Re- 
cent research into the neurobiological aspects 
of depression and the underlying pathophysiol-
ogy of cancer has revealed overlapping biobe-
havioral mechanisms.

Psychosocial factors

The progression of cancer-related depression 
is a continuous process that begins with non-
pathological sadness, advances to adjustment 
disorder, evolves ultimately into major depres-
sion [50]. Stressors are general factors that 
cause the organism to adapt to various internal 
and external stimuli. Cancer, as a life-threaten-
ing event, acts as a stressor for patients upon 
diagnosis. Once diagnosed with cancer, pa- 
tients will inevitably develop fear due to the 
uncertainty of the poor prognosis [51]. Thus, 
effective cancer control is cited as an impor-
tant factor influencing their emotions [52]. 
Moreover, cancer pain is a major stressor, with 
depression occurring more frequently in cancer 
cases who experience pain than that do not 
[53]. Of the elderly cancer patients with pain, 
79.6% experienced depression [54].

Families dealing with cancer face significant 
financial burdens due to expensive treatment 
costs and extensive nursing care. Therefore, 
the health status of the family and the cost of 
medical care significantly impacts the stress 
levels of cancer patients. Research shows a 
strong link between depression rates in cancer 
patients and the amount of social support they 
receive, both objective and subjective. Higher 
levels of support are associated with a lower 
likelihood of experiencing depression [55]. 
Emotional support from friends and family, 
along with a positive outlook, are significant 
protective factors that can help prevent the 
depression in cancer patients [8].

Immunoinflammatory mechanisms

Beyond socio-psychological factors, biological 
mechanisms are crucial to the onset of cancer-
related depression. Evidence suggests that in- 
flammation could promote the progression of 
both cancer and depression [56]. The presence 
of tumors leads to the release of various proin-

flammatory cytokines, causing neuroinflamma-
tion [57]. Immune mechanisms are implicated 
in the pathogenesis process of depression and 
the heightened mortality observed in cancer 
patients [58]. Both preclinical and clinical data 
indicate that elevated levels of proinflammato-
ry cytokines are linked to various “disease syn-
dromes” characterized by symptoms like anhe-
donia, irritability, cognitive impairment, fatigue, 
loss of appetite, sleep disturbances, and hei- 
ghtened pain sensitivity [59]. These symptoms, 
which partly overlap with those of depression, 
show some response to antidepressant treat-
ment. Thus, immune crosstalk with nervous 
system is thought to be a significant promote 
the progression of somatic and affective symp-
toms of depression in cancer patients and may 
also impact the progression of cancer [60].

It is well-established that tumor-associated 
inflammation is initiated by hematopoietic gr- 
owth factors, cytokines, resulting from onco-
gene expression triggered by driver mutations 
[61]. An additional mechanism that contributes 
to tumor-associated inflammation is the re- 
lease of damage-associated molecular pat-
terns (DAMPs), which result from rapid tumor 
cell replication, apoptosis, nutrient deprivation, 
and hypoxia [61]. DAMPs are recognized by  
pattern recognition receptors (PRRs), triggering 
a pro-inflammatory cascade.

Inflammation resulting from cancer can trigger 
psychological stress through complex interac-
tions between the central nervous system 
(CNS) and the peripheral nervous system (PNS) 
[5]. These interactions highlight how systemic 
inflammation can influence mental health [5]. 
Peripheral cytokine production amplifies the 
pro-inflammatory response within the central 
nervous system based on enhancing the blood-
brain barrier permeability and via vagal fibers 
linked to the solitary tract nucleus [62]. Fur- 
thermore, growing evidence indicates that peri-
vascular mononuclear cells might enter the 
brain and promote the spread of inflammatory 
signals to astrocytes, which are key producers 
of immunoinflammatory mediators in the brain 
[63].

Proinflammatory cytokines, both centrally and 
peripherally released, can impact brain neu-
rotransmitter systems, particularly the mono-
amine system, which is crucial in depression. 
Inflammatory cytokines activate p38 activity 
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and increase the expression of norepinephrine 
and 5-HT reuptake transporter protein [64], 
causing lower synaptic concentrations of 5-HT 
and NE, which are associated with depressive 
behaviors in cancer patients [65]. These cyto-
kines also diminish the availability of crucial 
nerve growth factors. For instance, brain-de- 
rived neurotrophic factor (BDNF), is crucial in 
neurogenesis. Reduced BDNF levels, combined 
with impaired neurogenesis, are significantly 
related to the progression of depression [66].

Tryptophan (TRP) can be metabolized in the 
body mainly to 5-HT, kynurenine (KYN), and 
other substances. TRP acts as a precursor of 
5-HT, generating 5-hydroxytryptophan (5-HTP) 
by the enzyme tryptophan hydroxylase (TPH), 
which is then synthesized into 5-HT by the 
enzyme 5-HT decarboxylase (5-HTPDC) (Figure 
1). Under cancer-induced inflammatory con- 
ditions, the tryptophan-kynurenine metabolic 
pathway will be over-activated, resulting in 
excessive metabolism of TRP to KYN, which 
reduces 5-HT production [67]. Several proin-
flammatory cytokines, such as TNF-α, IL-1β, 
IL-6 and IFN-γ, have been shown to increase the 
activity of IDO, an enzyme involved in TRP catal-
ysis. TRP is first metabolized to the intermedi-
ate product KYN by IDO and tryptophan-2,3-di-
oxygenase (TDO) [59, 68, 69]. The subsequent 
kynurenine pathway can be broadly categorized 
into two distinct branches (Figure 1). One is the 
excitotoxic pathway, primarily characterized by 
the action of kynurenine 3-monooxygenase 
(KMO), which is located in microglia. This en- 
zyme acts on 3-hydroxykynurenine (3-HK) to 
produce QUIN. QUIN is a potent NMDA recep- 
tor agonist that causes neuroexcitotoxicity and 
neurodegeneration associated with depression 
by interfering with the dynamic equilibrium of 
the glutamate-glutamine-GABA cycle [36]. The 
other is the neuroprotective pathway (Figure 1), 
which focuses on the synthesis of kynurenic 
acid (KYNA) catalyzed by the enzyme kynuren-
ine aminotransferase (KAT) located in astro-
cytes. KYNA is the sole endogenous an- 
tagonist of NMDA receptors and serves as a 
potential endogenous antioxidant. The primary 
function of KYNA is to mitigate excitotoxic neu-
rotoxicity induced by QUIN.

Under normal conditions, the production of 
KYNA and QUIN maintains a dynamic balance. 
However, in the presence of foreign inflamma-

tion or when the organism is under stress, 
there has promoted the release of pro-inflam-
matory cytokines (e.g., IFN-γ, IL-1β). This may 
result in the activation of microglial cells, along 
with the activation of IDO and KMO [67, 70], 
ultimately resulting in a predisposition of the 
kynurenine pathway towards the excitotoxic 
TRP-KYN-3-HK-QUIN pathway. Consequently, 
this creates an imbalance between excitotoxic-
ity and neuroprotection. Meanwhile, the over-
production of 3-HK can lead to neuron cell 
death via oxidative stress damage induced by 
free radicals, which might also be pertinent to 
the pathology of neurodegenerative diseases 
[71]. Moreover, elevated levels of QUIN have 
been shown to damage the medial prefrontal 
cortex, leading to the downregulation of glu- 
cocorticoid receptors and causing excessive 
release of glucocorticoid [72] (Figure 1). This, 
in turn, activates TDO, leading to excessive 
metabolism of TRP to KYN. Excessive metabo-
lism of TRP to KYN will result in reduced levels 
of 5-HT production, this results in diminished 
functional connectivity within certain brain re- 
gions related to emotional and cognitive pro-
cesses [22].

Additionally, IDOs in the tryptophan-kynurenine 
pathway exert immunosuppressive effects by 
impairing the function of immune cells, such as 
T cells, natural killer cells, dendritic cells, and 
neutrophils, which further drive cancer progres-
sion [73] (Figure 1). These mechanisms might 
collectively exert a crucial function in the evolu-
tion of CRD.

Chronic stress and the HPA axis

For patients, the diagnosis and treatment of 
cancer impose chronic stress on both the body 
and mind. Stress activates the sympathetic 
nervous system (SNS), inhibits the parasympa-
thetic nervous system (PSNS), and sets off the 
hypothalamic-pituitary-adrenal (HPA) axis res- 
ponse [74-78]. The activation of the HPA axis in 
response to stress orchestrates a unified reac-
tion from the immune, endocrine. This coordi-
nation is crucial for restoring biochemical and 
physiological equilibrium and preserving the 
body’s overall balance. However, HPA axis hy- 
peractivity caused by chronic stress is now con-
sidered to be a hallmark of major depression 
[79-82].
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In the HPA axis, higher cortisol levels and their 
feedback suppression of additional ACTH and 
CRH release are crucial in mood regulation 
within the hippocampus [83]. Over-activation of 
that axis caused excessive release of stress-
related cortisol, leading to desensitization of 
glucocorticoid receptors [84]. This desensitiza-
tion can negatively feedback-regulate the HPA 
axis, exacerbating the post-stress cortisol over-
load [85]. It is suggested that this desensitiza-
tion may be caused by tumor-released proin-
flammatory cytokines interfering with the tran- 
slocation or normal function of glucocorticoid 
receptors [74].

Endogenous glucocorticoids, which act as pow-
erful anti-inflammatory agents, generally sup-
press the production of proinflammatory cyto-
kines. However, due to rapid tumor replication, 
metabolism, and apoptosis, large amounts of 
DAMP were produced. DAMPs activate the PRR, 
which leads to the inactivation of the intraleu-
kocytic glucocorticoid receptor by p38MAPK, 
weakening the anti-inflammatory effects of glu-
cocorticoids, and increasing inflammatory cyto-
kine expression [86, 87]. Furthermore, chronic 
stimulation of SNS increases the release of NE, 
which binds to adrenergic receptors on ma- 
crophages, leading to increased activation of 
NF-κB and elevated cytokine expression [75, 
88]. Proinflammatory cytokines decrease the 
sensitivity of the remaining activated glucocor-
ticoid receptors, subsequently diminishing the 
anti-inflammatory efficacy of glucocorticoids 
and further elevating cytokine production [89], 
forming a positive feedback circle. Excessive 
cortisol levels diminish the function of the hip-
pocampal 5-HT system and reduce the levels of 
various neurotrophic factors [90], which leads 
to the degeneration of hippocampal neurons 
and ultimately results in depression.

Intestinal microbial pathway

Microorganisms with intricate functions have 
been identified as potential components of the 
tumor microenvironment, originating from mu- 
cosal sites and normal adjacent tissues [91]. 
Various events, such as diet, potential stress, 
tumors, and certain illnesses, can disrupt the 
balance of intestinal flora, resulting in dysbio-
sis. Recent research suggests that gut micro-
biota can affect an organism’s stress levels 
and behaviors via the brain-gut axis [92]. When 

the gut flora from depressed cases is trans-
planted into germ-free mice, the mice exhibit 
physiological characteristics resembling those 
of depressed individuals, including symptoms 
such as pleasure deprivation and anxiety-like 
behaviors [93]. Therefore, dysregulation of the 
gut microbiota in cancer cases may be a possi-
ble pathway contributing to cancer-related de- 
pression.

The gut microbiota influences central nervous 
system function with the help of the brain-gut 
axis mainly through four pathways: immune, 
metabolic, vagus nerve, and neuroendocrine 
(Figure 2). In immune pathways, chronic stress 
can lead to dysbiosis of the intestinal flora, sub-
sequently triggering the release of inflammato-
ry mediators, primarily IL-6 and IFN-γ [45]. 
Disruption of the intestinal flora, along with 
altered levels of inflammatory cytokines, can 
weaken the integrity of the intestinal barrier. 
This weakening may allow gut bacteria and 
microbial patterns to enter circulation, tri- 
ggering inflammasome activation and a hei- 
ghtened pro-inflammatory response [94, 95]. 
Furthermore, under inflammatory conditions, 
the blood-brain barrier permeability is reduced, 
and cytokines or toxic by-products caused by 
altered microbiota may cross the barrier of 
blood-brain and enter the brain, causing activa-
tion of microglia and atrophy of astrocytes [96]. 
These alterations in glial cells can influence the 
brain networks responsible for mood regula-
tion, potentially resulting in depressive symp-
toms or anxiety attacks. Furthermore, when the 
intestinal barrier is compromised, it allows for 
the movement of Gram-negative bacterial lipo-
polysaccharide (LPS) into circulation, which 
then activates the immune system [97]. This 
activation triggers the release of IL-6, IFN-γ, 
CRP, and TNF-α [97]. These cytokines exert a 
critical function in perpetuating the chronic 
activation of the immune-inflammatory path- 
way.

In the metabolic pathway, the mechanism of 
action of gut microbes may be associated with 
their secretion of metabolites [98]. Gut flora 
secretions cross the gut epidermis and enter 
the internal circulatory system. Microbial me- 
tabolites have the potential to influence brain 
function, either directly or indirectly [99, 100]. 
Among these, SCFAs are considered crucial in 
influencing the signaling intermediate to the gut 
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Figure 2. The brain-gut axis in cancer-related depression. The main communication pathways between the brain-gut 
axis in the context of gut microbiota homeostasis include immune, metabolic, vagus nerve, and neuroendocrine 
pathways. ① Immune pathway: Alteration of the gut microbiota and translocation of LPS activates the immune 
system. The induced pro-inflammatory cytokines can then affect brain function either directly through the blood-
brain barrier or using the vagal pathway. ② Metabolic pathway: The intestinal microbiota produces a large number 
of metabolites (SCFAs, GABA, 5-HT, etc.), which can enter the brain through the peripheral circulation, affecting the 
glial cells and neural plasticity. In addition, these metabolites also affect brain function by affecting both the vagus 
nerve and the HPA axis. ③ Vagus nerve pathway: Changes in the gut microbiota, microbial products, and microbiota-
dependent immune mediators can directly interact with intestinal neurons and the vagus nerve, which can be 
transmitted via sensory circuits to brain regions involved in cognition and mood. ④ Neuroendocrine pathway: The 
neuroendocrine pathway is mainly regulated through the HPA axis. The HPA axis can be activated by chronic stress, 
as well as by the immune-inflammatory response induced by microbial alterations in the gut and by metabolites. 
The large amounts of cortisol released by over-activation of the HPA axis cause shifts in the composition of the gut 
microbiota as well as changes in the permeability of the gut barrier.

and the brain [101]. Increasing SCFAs amelio-
rates neuroinflammation and stimulates the 

production of BDNF, which is associated with 
neuroplasticity in the brain [102]. Gut probiot-
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ics, Lactobacillus and Bifidobacterium, which 
produce the neurotransmitter GABA, can inhibit 
tumor development by reversing chronic stress 
in the body through the inhibition of the HPA 
axis and the nervous system [103]. However, 
GABA metabolism may be decreased when the 
intestinal flora is dysbiotic [104]. These chang-
es in metabolites affect CNS function through 
various mechanisms, which may contribute to 
CRD.

The vagus nerve stretches from the brainstem 
down to the stomach and intestines, acting as 
a conduit between the gut and the brain’s neu-
ral functions. Various microbial products, hor-
mones regulated by the microbiota, and im- 
mune mediators dependent on the microbiota 
can directly engage with the enteric neurons 
and the vagus nerve within the gut. It has been 
shown that Lactobacilli can rely on the vagus 
nerve to regulate GABA receptor mRNA ex- 
pression, thereby influencing the production of 
depressive-like behaviors [105]. Research indi-
cates that the application of a vagus nerve 
stimulator activates hippocampal 5-HT1B re- 
ceptors and enhances BDNF expression in 
mice subjected to chronic restraint stress, 
which contributes to the reduction of depres-
sive behaviors [106]. Changes in gut-metabo-
lized neurotransmitters such as GABA and 5-HT 
can also activate the vagus nerve and affect 
synaptic transmission function, which in turn 
can contribute to mood problems such as 
depression. Pro-inflammatory molecules can 
also induce apoptosis of vagal neurons and 
alter synaptic function [107]. Result in highlight 
the vagus nerve’s role in microbiota-linked 
depression.

In the neuroendocrine pathway, the central 
component of the neuroendocrine pathway is 
the HPA axis. The gut microbiota is crucial for 
the normal development of the HPA axis, with 
proper gut colonization being essential for the 
formation of this stress-related signaling path-
way [108]. Alterations in the gut microbiota can 
result in the enhanced production and secre-
tion of cytokines, including IL-1β, IL-6, and 
TNF-α [97]. These cytokines are capable of 
crossing the blood-brain barrier and triggering 
the activation of the HPA axis. Certain intestinal 
metabolites like SCFAs, GABA, 5-HT, and ace-
tylcholine are also involved in the HPA axis 
[109]. Gut microbiota is linked to neuropsychi-

atric disorders through its influence on the 
gene expression pattern of the HPA axis and 
subsequent HPA response [110]. When the 
HPA axis is activated, it triggers a substantial 
release of cortisol from the adrenal glands, 
which subsequently contributes to the onset of 
depression. Additionally, during chronic stress, 
the overactivation of the HPA axis results in 
alterations in gut motility and further disrupts 
both the composition and stability of the gut 
microbiota, along with modifying the permea-
bility of the intestinal barrier [111], which will 
result in a vicious cycle of CRD formation.

Medical causes

It should be noted that conventional chemo-
therapeutic agents, hormone deprivation ther-
apies, immunotherapies, and other cancer 
treatments may cause adverse neurological 
effects on the psyche [112]. For example, in 
studies investigating hormone suppression 
therapy for prostate cancer, the occurrence of 
depression and anxiety was notably higher 
compared to baseline levels throughout the 
nine-month treatment period [113]. Mood  
disorders affect 37% of patients with solid 
tumors receiving buparlisib-targeted therapy 
[114]. Furthermore, approximately half of pa- 
tients with advanced-stage non-small cell lung 
carcinoma experience sleep disturbances and 
persistent fatigue while undergoing treatment 
with PD-1/PDL1 inhibitors [115]. CAR-T therapy 
has been linked to various neurological com- 
plications, such as encephalopathy, agitation, 
movement disorders, aphasia, and ataxia 
[116].

The alteration of cytokine levels in tumor 
patients due to tumor therapy may contribute 
to the development of psychiatric side effects 
[117]. The tissue and cellular damage resulting 
from treatments like chemotherapy, radiation 
therapy, and surgical procedures in cancer 
patients post-diagnosis triggers the release of 
DAMPs. These molecules bind to PRRs on leu-
kocytes, particularly macrophages, which then 
initiate the production of various pro-inflamma-
tory cytokines, including IL-1, IFN-α, IL-6, and 
TNF-α [87]. Ionizing radiation and specific che-
motherapy drugs can independently trigger 
NF-κB activation, bypassing the need for tissue 
damage, thereby this process further amp- 
lifies the production of inflammatory mediators 



Mechanisms and therapy of cancer-related depression

4207	 Am J Cancer Res 2024;14(9):4197-4217

[118]. Immunotherapy stimulates the body’s 
immune cells, such as T cells, NK cells, and 
dendritic cells, resulting in the generation of 
substantial levels of cytokines. Some immuno-
therapy components bind to Toll-like receptors, 
elevating levels of pro-inflammatory cytokines 
[119]. Some of the exogenous cytokines used 
in immunotherapy, including IFN-α, studies 
have shown that up to 50% of patients may 
experience depression as a result of these 
treatments [75, 78, 88].

Certain medications have been linked to trig-
gering cancer patients’ depressive symptoms 
by directly influencing neurotransmitter regula-
tion in the brain. For example, haloperidol, a 
dopamine receptor-2 antagonist used to man-
age chemotherapy-induced nausea, can reduce 
dopamine activity and contribute to depressive 
symptoms [120].

Adverse effects of cancer-related depression

The phenomenon of depression and anxiety in 
oncology patients, characterized by feelings of 
helplessness, despair, and panic, not only com-
plicates treatment and reduces patient com- 
pliance, but also suppresses the patient’s 
immune function, hastening the advancement 
of the disease, affecting the patient’s overall 
well-being, survival, and even influencing their 
choice of treatment [121].

Depressed patients exhibit a greater mortality 
risk than non-depressed individuals with can-
cer [11]. Firstly, depression impacts treatment 
participation, leads to reduced adherence, and 
is associated with higher mortality rates [10, 
11]. A study focusing on breast cancer out-
comes revealed that only 51% of patients suf-
fering from depression initiated chemotherapy, 
in stark contrast to the 92% of non-depressed 
patients who accepted the treatment [10]. This 
distress as well as psychological burden may 
result in decreased treatment engagement  
and higher suicidal tendencies in depressed 
cancer patients compared to regular depressed 
patients [122].

Patients with cancer-related depression are 
also in a chronic stress response for a long 
time. Research in animals and humans indi-
cates that chronic stress reactions in cancer 
patients may play a role in advancing cancer 
and promoting metastasis [50]. Chronic stress 

is thought to increase mortality risk in depress- 
ed patients relative to those without depres-
sion [12]. Chronic stress can remodel the 
tumor’s immune microenvironment and sup-
press the antitumor immune response [123, 
124]. Research on UV-sensitive mice under 
stress and non-stress conditions revealed a 
higher incidence of squamous cell carcinoma  
in the chronically stressed group [125]. The 
stress group exhibited decreased IFN-γ expres-
sion, higher infiltration and circulating levels of 
regulatory T cells, lower infiltration rates of Th 
cells, and a shorter latency period before tumor 
development [125]. Depression has been dem-
onstrated to reduce the count of circulating NK 
cells in healthy adults, which are crucial for 
tumor surveillance [126]. Surgery, a primary 
treatment method for tumors, can induce 
chronic stress that may result in an elevated 
number of myeloid-derived suppressor cells 
(MDSCs) within the tumor microenvironment 
[127]. Chronic stress results in ongoing HPA 
axis activity, leading to glucocorticoid resis-
tance and an overproduction of pro-inflamma-
tory cytokines. This process impairs the adap-
tive immune response and increases immuno- 
suppression, thereby, in turn, diminishing the 
body’s capacity to fight cancer effectively [128].

In addition, chronic stress responses can di- 
rectly impact tumor cells through gene regula-
tion. This stress response upregulates the ex- 
pression of transforming growth TGF-β1, vascu-
lar endothelial growth factor (VEGF), and IL-10, 
thereby inducing the epithelial-mesenchymal 
transition (EMT) of tumor cells, which subse-
quently promotes tumor metastasis [127]. 
Another mouse study observed that chronic 
sympathetic nervous system stimulation during 
chronic stress interfered with the P53 tumor 
suppressor gene, reducing its critical tumor 
suppressor effects [129]. Activation of the HPA 
axis also leads to elevated glucocorticoids and 
increased expression of the P53 suppressor 
(i.e., MDM2) [129]. Catecholamines have also 
driven tumor growth by phosphorylating and 
inactivating pro-apoptotic molecules in a model 
of prostate cancer [130]. Chronic stress can 
also stimulate angiogenesis, increasing the 
invasiveness of certain tumors. In ovarian can-
cer models, chronic stress results in elevated 
catecholamine levels in tissues, increased 
expression of angiogenic factors (including 
VEGF), and increased formation of preinvasive 
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enzymes through protein kinase A stimulation 
[130].

Clinical treatment strategies for CRD

Effective treatment for depression is crucial for 
patients suffering from cancer-related depres-
sion, as it significantly enhances their quality  
of life and chances of survival [10, 11]. Unlike 
patients with common depression, individuals 
with CRD experience a more complex etiology 
and may endure greater psychological stress. 
Additionally, certain drugs or therapies used in 
cancer treatment can exacerbate the develop-
ment of depression and interact with antide-
pressant medications, thereby affecting the 
management of depressive symptoms. Stu- 
dies have shown that patients with metastatic 
breast cancer who receive treatment for de- 
pression experience a significantly longer medi-
an survival of 28.5 months compared to those 
who don’t receive treatment [131]. While psy-
chosocial and pharmacological approaches are 
both successful in addressing depression am- 
ong cancer patients, the optimal way to com-
bine and apply these therapies remains unde-
termined [132]. Given that advanced cancers 
often have a limited survival prognosis, it is cru-
cial to consider the onset and duration of anti-
depressive medications.

Psychological intervention in CRD

Meta-analyses suggest that psychological in- 
terventions offer substantial relief for symp-
toms of anxiety and depression in individuals 
with cancer [133]. The commonly used psycho-
logical intervention techniques include cogni-
tive behavioral therapy (CBT), group psycho-
therapy, reading therapy, music therapy, in- 
dividual psychotherapy, and interpersonal ther-
apy. As the incidence of CRD is closely relat- 
ed to the social support received by cancer 
patients, it is also essential to provide patients 
with psychosocial supportive therapy on top of 
CBT. A clinical practice has shown that CBT 
combined with psychosocial support treatment 
for patients with depression can effectively 
alleviate their psychological pressure of pa- 
tients and eliminate the psychological barriers, 
thus promoting the recovery of the patient’s 
cognitive function and ultimately achieving a 
curative effect [134]. Additionally, it has been 
reported that psychological intervention can 
also reduce cancer mortality [135].

Medication in CRD

The main medications for managing cancer-
related depression are tricyclic antidepres-
sants (TCAs) and selective serotonin reuptake 
inhibitors (SSRIs) [136]. Although their exact 
mechanisms aren’t fully understood, both are 
known to trigger brain adaptations that en- 
hance 5-HT neurotransmission, thereby improv-
ing mood [78, 137]. However, CRD patients are 
different from normal depressed patients due 
to the more complex treatment they receive. 
Therefore, it is essential to use antidepres-
sants cautiously, since SSRIs can often exacer-
bate nausea and vomiting [132], and the anti-
cholinergic effects of TCAs may exacerbate 
delusions linked with chemotherapy [78, 132].

Antidepressants can interact with chemothera-
py drugs, potentially causing neurological toxic-
ity by either reducing the metabolism of the 
antidepressant or due to the combined effects 
of the cancer treatments. Certain antidepres-
sants might diminish the effectiveness of che-
motherapy drugs, for instance, the interaction 
between specific SSRIs like fluoxetine and par-
oxetine. Concomitant prescriptions are found  
in 20-30% of breast cancer patients taking 
tamoxifen, which reduces its metabolism by 
inhibiting the CYP2D6 enzyme, significantly 
lowering the drug’s effectiveness and increas-
ing the risk of breast cancer recurrence [138, 
139]. Currently prescribed antidepressants 
may have a minimal impact on alleviating 
depression in advanced cancer patients due to 
their delayed onset of action [140]. Thus, it is 
essential to identify new alternative or comple-
mentary treatment strategies for CRD patients.

Immunotherapy in CRD

Some immunotherapies administered to tumor 
patients may induce psychiatric side effects by 
altering cytokine levels. If cytokine imbalances 
can be effectively managed, immunotherapy 
could result in improved prognosis and a reduc-
tion in tumor-associated depression. IL-2 can 
promote the production of 5-HT through the 
STAT5-TPH1 pathway [141] and has been found 
to be reduced in depressed patients [142]. 
Clinical data on the use of IL-2 in treating 
depression are limited, and IL-2 injections may 
lead to multiple side effects, including vascular 
leak syndrome and pulmonary edema [143]. 
These complications limit its broader applica-
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tion in clinical settings. However, if these ad- 
verse effects could be reduced, IL-2 could 
potentially be beneficial in managing depres-
sion among cancer patients. Elevated levels of 
TNF-α and IL-6 have been associated with the 
severity of depression. Infliximab, which inhib-
its TNF-α, and tocilizumab, an inhibitor of IL-6, 
may help in reducing symptoms of depression 
[144, 145]. However, some studies have re- 
ported contrary findings, as tocilizumab, which 
block the IL-6 receptor has been linked to an 
increase in depressive symptoms [146].

Though some evidence connects cytokines 
with depression and antitumor effects, but 
developing antidepressants is really challeng-
ing. The dual nature of cytokines makes inhi- 
biting specific ones potentially harmful. Thus, 
selectively targeting central inflammation asso-
ciated with depression, while avoiding effects 
on peripheral immune responses, is a signifi-
cant challenge.

The critical role of IDO in the development of 
tumors and depression has heightened inter-
est in IDO-inhibiting compounds within the field 
of immuno-oncology. Since cancers sustain an 
immunosuppressive microenvironment through 
activation of the IDO and kynurenine pathways 
[147], inhibition of IDO may be beneficial in 
increasing response rates to anticancer immu-
notherapy, while also affecting the neuronal 
activity in the brain. While the effectiveness of 
IDO inhibitors for treating cancer and depres-
sion is still largely theoretical, they could offer 
new therapeutic targets for enhancing depres-
sion management in cancer patients.

Targeting the brain-gut axis in CRD

Increasing research highlights the role of micro-
biota, gut permeability, and immune-inflamma-
tory processes in tumor-associated depres-
sion. Microbes and their metabolites can in- 
fluence the blood-brain barrier and overall brain 
health [148]. Additionally, gut dysbiosis is also 
crucial in cancer through dynamic regulation of 
cancer gene expression and immune surveil-
lance [149]. Thus, regulating the gut-microbe-
brain axis could offer a potential approach for 
both treating and preventing tumor-associated 
depression.

The developing discipline of psychobiology 
explores how certain probiotics might regulate 

the brain-gut connection and impact mental 
well-being. The enhancement of HPA axis func-
tioning has been cited as the primary rationale 
for the use of probiotics [150]. Findings from 
randomized controlled trials involving probio- 
tic use in patients with depression indicate  
that psychobiotic supplements can moderately 
yet significantly reduce depressive symptoms 
[108]. Psychotropic probiotics strengthen the 
intestinal barrier, modulate immune activity 
within the gut-associated lymphoid tissue 
(GALT), and contribute to inflammation, while 
also impacting vagal stimulation [151].

Moreover, adopting a gluten-free diet can 
impact the communication between the gut, 
microbiota, and brain by altering the gut micro-
biota and modifying gut permeability [152-154]. 
Research suggests that combining a gluten-
free diet with probiotic supplements can sup-
press the immune-inflammatory response in 
depression, reducing inflammation, strength-
ening the intestinal barrier, and easing depres-
sive symptoms [153]. In a similar manner, die- 
tary fiber has been demonstrated to enhance 
immune function and prevent depressive disor-
der by regulating intestinal flora [155], a pro-
cess attributed to the suppression of oxidative 
stress and inflammation. Overall, the findings 
suggest that behavioral interventions, par- 
ticularly those involving dietary modifications, 
might effectively prevent the development of 
depression [156, 157].

As an innovative method for addressing de- 
pression, psychobiology needs further research 
to better understand how psychobiotics work, 
identify the most effective strains and dosag-
es, and assess their long-term impact. This 
research will pave the way for personalized  
psychobiotic treatments tailored to individual 
needs. Additionally, future studies may develop 
fecal transplants targeting depression after 
identifying the specific pathogenic bacteria 
[158].

Summary and perspective

Cancer-related depression is a complex and 
multifactorial psychological condition that of- 
ten goes unrecognized. Understanding the im- 
munoinflammatory mechanisms, HPA axis me- 
chanisms, and gut microbial pathways, as well 
as their relationship with cancer prognosis, is 
crucial. New therapeutic strategies aimed at 
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targeting cancer-related depression by inhibit-
ing pro-inflammatory signaling and neuroendo-
crine pathway transmission could be promising 
approaches that warrant considerable atten-
tion. Additionally, further identification of the 
most effective combinations of pharmacologi-
cal and psychosocial treatments for cancer-
related depression is essential.

In summary, a deeper exploration of the com-
mon and interactive mechanisms between can-
cer and depression will provide clearer causal 
inferences and inform potential new treatment 
options. An expanded could also provide new 
insights into designing preventive strategies for 
managing depression in cancer survivors, ulti-
mately easing the suffering of cancer patients 
and reducing the health burden on healthcare 
systems and society as a whole.
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