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As the leading cause of death in people less than 70 years of age, cancer brings 
not only physical damage to patients, but also great psychological stress. Psychologi-
cal stress is a well-known risk factor in cancer initiation, progression and metastasis. 
Studies have reported that chronic psychological stress inhibits anti-tumor immune 
responses, remodels the tumor microenvironment, disrupts intestinal barrier func-
tion and ecological stability, promotes cancer development and metastasis, and re-
duces the therapeutic effect of cancer. Antidepressants were the most common psy-
chotropic drugs prescribed in patients with depression and had been shown to inhibit 
the effects of psychological stress on tumors. Fortunately, recent evidence points to a 
link between antidepressants and cancer immunotherapy based on innate and adap-
tive immunity. Some of the commonly used antidepressants like monoamine oxidase 
inhibitors (MAOIs), selective serotonin reuptake inhibitors (SSRIs), tricyclic antide-
pressants (TCAs) etc., have been reported to enhancing antitumor immune response 
and potential activity against the cancerous cells, acting synergistically in combina-
tion with immune checkpoint inhibitors. The purpose of this review is to evaluate cur-
rent and potential clinical therapies for cancer patients with anxiety and depression. 

Keywords: Psychological stress, cancer immunotherapy, antidepressants, tumor im-
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Abbreviations: MAOIs- Monoamine Oxidase Inhibitors; SSRIs- Selective Serotonin 
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Introduction
Clinical data presents that patients with cancer experience more 

severe psychological stress than patients with other diseases [1], 
48.2% of cancer patients suffered from depression and 28.2% from 
anxiety in China [2]. Cancer diagnosis, treatment, and survivor may 
increase patients’ susceptibility to depression and anxiety [3,4]. 
Cancer is also likely to contribute to the development of depression 
by modulating the circadian clock-driven inflammatory states[5]. 
Depression and anxiety were associated with a significantly 
increased risk of incidence and mortality in cancer patients [6]. 

Psychological Stress and Cancer Immunotherapy 

Cancer immunotherapy is considered to be the most likely 
therapy to completely cure cancer, inhibiting cancer growth by 
restarting and maintaining the tumor-immune cycle and restoring 
the body ‘s normal anti-tumor immune response [7]. However, 
psychological stress impairs the efficacy of cancer immunotherapy 
by suppressing innate and adaptive immune systems. Psychological 
stress discussed here is defined as chronic psychological stress that 
can induce changes in the hypothalamic-pituitary-adrenal (HPA) 
axis, sympathetic nervous system (SNS) activation, and secretion of 
other related hormones [8,9].  

Impairment of DCs: Dendritic cells (DCs) are professional 
antigen presenting cells that play a key role in inducing immune 
responses and immune tolerance. DC-based vaccines proved 
feasible and safe and may be suitable for all cancer types [10]. 
Chronic psychological stress elevates plasma corticosterone 
and upregulates the expression of glucocorticoid-induced factor 
TSC22D3, blocking the type I Interferon (IFN) response of DCs and 
the activation of IFN-γ+ T cells, and disrupts immune surveillance 
and defense [11]. In mouse models of melanoma, chronic 
stress suppresses the efficacy of cancer vaccines [12] and the 
immunostimulant CPG-C by impairing DCs and CD8+ T-cell function 
[13]. 

Malfunction of NK: Natural killer cells (NK) are innate immune 
cells that inhibit tumors, and the stress hormones glucocorticoid 
(GC) rely on Interleukin (IL)-15 and IL-18 to induce programmed 
death-1 (PD-1) expression and decrease IFN-γ production on NK 
cells, and IL-12 can eliminate the effect of GC on NK cells [14]. 
However, chronic psychological stress decreased IL-12, enhanced 
the level of IL-10, induced the conversion of TH1 response to TH2 
response, and promoted GC to inhibit the function of NK cells [15]. 

Malfunction of CTL: Chronic psychological stress promotes 
CD8+T cell dysfunction by up-regulating exhaustion phenotypes 
such as T cell immunoglobulin and mucin domain - 3 (TIM3) 
and lymphocyte activation gene - 3 (LAG3) expression by CD8+T 
cells in the tumor microenvironment. PD-1 is an important 
immunosuppressive molecule, and tumor cells acquire immune  

 
escape by expressing programmed death ligand 1 (PD-L1) to bind 
to PD-1 on T cells, causing T cells to lose their lethality [16]. Stress 
hormones epinephrine and norepinephrine impair the therapeutic 
effect of Anti-PD1 through β-adrenergic signaling [17].

Infiltration of MDSC: Myeloid-derived suppressor cells 
(MDSCs) are heterogeneous immature immune cell populations 
that inhibit T cell proliferation and activity and are involved in 
the development, invasion, metastasis, as well as drug resistance 
of a variety of cancers. Chronic psychological stress promotes 
regulatory T cell infiltration in peripheral blood and tumor tissues, 
upregulates CXC chemokine motif ligand (CXCL) 5 in tumor tissues, 
enhances the expression of CXC chemokine receptor (CXCR) 2 and 
pERK1/2 expressed by MDSCs in bone marrow, and recruits MDSCs 
to infiltrate into tumoral and distant tissues [18].

Antidepressants Enhancing Anti-Tumor Immune Response

Timely and effective intervention for anxiety and depression 
helps to improve the quality of life in cancer patients, and reduce 
cancer incidence and mortality [6,19]. Antidepressants refer to a 
group of psychotropic drugs mainly used to treat mental illness 
with emotional depression as a prominent symptom. There are 
various studies which show that antidepressants approved for 
clinical depression have shown promising anti-cancer activities 
and enhancing anti-tumor immune response [20].

TCAs: TCAs blocked the reuptake of NA and 5-HT by 
noradrenergic and serotonergic nerve terminals and increased 
the concentration of monoamine transmitters in the synaptic cleft, 
which clinically showed improvement in depressive symptoms. 
Amitriptyline blocks autophagy by inhibiting autophagosome-
lysosome fusion and enhances the expression of death receptors 
(DR) 4 and 5 necessary for apoptosis, sensitizes tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) -resistant 
A549 lung cancer cells, and promotes TRAIL-induced apoptosis 
[21]. Imipramine, a tricyclic antidepressant, combined with the 
mitochondrial uncoupling agent niclosamide ethanolamine (NEN) 
can induce cancer cell death by activating a comprehensive stress 
response pathway and catabolizing the CLEAR network [22].

SSRIs: The main mechanism of action of SSRIs is antidepressant 
effects in the central nervous system by selectively inhibiting 5-HT 
reuptake. Fluoxetine (FLX) induced cell cycle arrest and autophagy 
restraining cancer cells’ growth via triggered the ATF4-AKT-mTOR 
signaling pathway in non-small cell lung cancer [23]. Indoleamine-
2,3-Dioxygenase (IDO) exerts immunosuppressive effects by 
oxidize tryptophan to kynurenine and is upregulated in a variety 
of cancers. IDO inhibitors combined with immune checkpoint 
inhibitors are considered effective strategies for tumor control [24]. 
FLX administration reversed chronic stress induced high IDO1 and 
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IDO2 expression suppressing kynurenine pathway and enhancing 
cellular immunity [25]. In lung cancer models, FLX increased CD4+ 
Th and CD8+ Tc cells, and reduced Tregs (CD25+ FOXP3+). FLX 
increased IL-2 and IFN-γ by promoting the differentiation of Th 
into Th1 cells, while decreased the concentrations of IL-4, IL-6, IL-
10, and IL-17A by inhibiting the differentiation of Th into Th2 and 
Th17 cells [25]. IL-6 was shown to be involved in immune-related 
adverse effects (IRAE) induced by immune checkpoint inhibitor 
(ICB) therapy, and the combination of IL6 blockade and ICB 
enhanced antitumor immune responses and reduced symptoms of 
IRAE [26]. Therefore, the combination of FLX with ICBs may reduce 
symptoms of IRAE by decreasing IL-6.

 Recent studies have reported that FLX reduces 5-HT levels in 
the peripheral circulation, enhances the infiltration of CD8 + T cells 
in tumors, and slows the growth of pancreatic and colon cancer 
in mice, and shows a synergistic effect in combination with Anti-
PD1, which can completely cure large tumors in 20% of mice [27]. 
Sertraline (STL) significantly inhibited the growth and angiogenesis 
of prostate cancer stem cells by inducing oxidative stress and 
promoting cell death via dual activation of apoptosis and autophagy 
process [28]. STL inhibits autophagic flux by up-regulating death 
receptors and reduces TRAIL resistance in lung cancer [29]. FLX 
or STL treatment suppresses the effects of chronic psychological 
stress on tumors by restoring antitumor immune responses [30]. 

MAOI: Monoamine oxidase (MAO), including MAO-A and 
MAO-B, is an enzyme that catalyzes oxidative deamination of 
neurotransmitters and thereby influences mood and behavior. 
MAO-A has been shown to be elevated in a variety of cancers [31]. 
MAOIs have been developed and increase the content of 5-HT 
between synapses in the brain by inhibiting MAO activity and are 
commonly used in the treatment of depression in clinical practice. 
Recent reports indicated that MAO-A expression in tumor is 
associated with T-cell dysfunction and reduced survival in cancer 
patients, restrains antitumor T cell immunity through controlling 
T cell in tumor autocrine serotonin signaling. MAOI treatment 
significantly suppressed tumor growth in a T cell-dependent 
manner and synergized with anti-PD-1 combination therapy [32]. 
In addition, MAO-A was shown to be involved in polarization of TAM 
and influences TAM-associated T-cell antitumor reactivity. MAO-A 
promotes macrophage polarization to M2 via ROS upregulation. 
Phenelzine, a non-selective irreversible MAOI, treatment regulates 
TAM polarization via inhibiting MAO-A and thereby inhibiting 
tumor growth [33].

Conclusion
In summary, psychological stress reduces the therapeutic effect 

of cancer immunotherapy by damaging the innate and adaptive 
immune systems and inhibiting anti-tumor immune responses. 
Relieving psychological stress in clinical oncology patients may be a 

strategy to improve the efficacy of existing cancer immunotherapy. 
The development of new drugs for the treatment of tumors is 
a very long and expensive process. Many oncology drugs have 
been rejected in clinical trials because they are ineffective against 
tumors or adverse effects on healthy cells. Therefore, exploring 
the new therapeutic benefits of anticancer effects of existing 
clinical antidepressants may lead to a therapeutic approach to 
prevent toxicities occurring during clinical trials. Antidepressants 
not only inhibit the negative impact of chronic psychological 
stress on cancer development and treatment, but also show good 
anti-tumor immune effects and enhance the therapeutic effects 
of immune checkpoint inhibitors on tumors. Antidepressants 
combined with immunotherapy may be a new potentially effective 
combination immunotherapy for the treatment of cancer patients 
with depression or anxiety, however there is a lack of clinical trials 
demonstrating its effectiveness in cancer treatment. Moreover, the 
sensitivity of particular cancer types or groups of patients for this 
combination immunotherapy should be evaluated.
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