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 Depression in cancer patients remains a significant challenge, with multifactorial origins encompassing 
psychological, biological, and social determinants. Recent research has highlighted the role of the gut 

microbiome, particularly fungal dysbiosis driven by Candida overgrowth, as a contributor to inflammation and 

neuropsychiatric symptoms in oncology. The present hypothesis proposes that targeted probiotic 

supplementation could mitigate Candida-driven dysbiosis, reduce systemic and neuroinflammation, and thereby 

alleviate depressive symptoms in cancer patients. This manuscript reviews the existing evidence for the gut-brain-
immune axis in cancer-related depression, distinguishes the unique role of Candida among gut microbiota 

alterations, evaluates current antifungal and probiotic interventions, discusses safety considerations in 

immunocompromised populations, and outlines research pathways for clinical translation, including candidate 

probiotic strains and the use of biomarkers for personalized therapy. Rigorous clinical trials are required to 

validate efficacy, safety, and optimal implementation strategies. If proven, microbiome-targeted approaches 

could complement current standards, addressing the complex biopsychosocial needs of cancer patients. 
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INTRODUCTION 

Depression affects approximately one-third of individuals 

living with cancer, significantly impacting quality of life and 

prognosis [1]. While psychological and social stressors are 

traditionally emphasized, there is increasing recognition of 

biological contributors–including immune dysregulation and 

disturbances in the gut microbiome–that shape the onset and 

persistence of depressive symptoms in these patients [2, 3]. 

The concept of the gut-brain axis, whereby bidirectional 

signaling between intestinal microbiota and the central 

nervous system modulates mood and behavior, has gained 

traction, with bacterial dysbiosis and increased intestinal 

permeability (“leaky gut”) implicated in a range of 

neuropsychiatric disorders [4-7]. Importantly, while previous 

hypotheses regarding probiotics and depression have focused 

largely on bacterial constituents and have been studied in non-

cancer populations [8], cancer patients present unique 

vulnerabilities; cytotoxic therapies, antibiotics, and 

immunosuppression dramatically alter the gut ecosystem, 

increasing susceptibility to fungal overgrowth, particularly by 

Candida species [9, 10]. 

Candida, a common commensal fungus, can become 

pathogenic in the context of immune suppression, 

chemotherapy, or antibiotic-induced dysbiosis [9-12]. Unlike 

bacterial imbalances, Candida overgrowth is uniquely 

associated with marked increases in gut permeability, 

translocation of fungal metabolites (such as acetaldehyde), 

and potent activation of mucosal and systemic immune 

responses [13-15]. This can lead to the release of pro-

inflammatory cytokines (interleukin [IL]-6, tumor necrosis 

factor alpha [TNF-α], IL-1β) and oxidative stress, which have 

been mechanistically linked to neuroinflammation, altered 

neurotransmitter metabolism, and depressive 

symptomatology [11, 12, 16-22]. Notably, acetaldehyde–a 

byproduct of Candida metabolism–causes DNA damage and 

oxidative stress, which further contribute to neuropsychiatric 

complications (see Figure 1) [23-25]. While inflammation is a 

recognized driver of depression in cancer [26], Candida 

overgrowth represents a particularly critical and 

underexplored contributor, distinct from other microbiota 

alterations due to its robust immunostimulatory and 

neurotoxic potential [22, 27]. Nevertheless, it is vital to 

acknowledge that inflammation is multifactorial in cancer, 

with bacterial dysbiosis, tumor biology, and treatment effects 

also playing significant roles [26, 28]. 

Despite the growing evidence for fungal influences on 

mental health, current clinical strategies for depression in 

cancer patients rarely address underlying mycobiome 

disturbances. Antifungal therapies are typically reserved for 

overt infections and are not tailored to subclinical or chronic 

Candida overgrowth associated with mood symptoms [29, 30]. 

Similarly, widely used antidepressants may have diminished 

https://www.ejgm.co.uk/
mailto:m.khosravi@zaums.ac.ir
https://doi.org/10.29333/ejgm/17676
https://orcid.org/0000-0003-2970-6309


2 / 7 Khosravi / ELECTRON J GEN MED, 2026;23(1):em709 

efficacy where inflammation or neurotransmitter disruption is 

pronounced [11, 12]. These gaps underscore the need for 

integrative approaches that address both biological and 

psychological domains, leveraging advances in microbiome 

science to inform adjunctive therapies. Nevertheless, it must 

be emphasized that, to date, no direct clinical studies have 

assessed whether probiotic supplementation reduces 

depressive symptoms via antifungal mechanisms specifically 

in cancer patients with documented candidiasis. The present 

hypothesis is therefore primarily inferential, based on 

preclinical findings and indirect evidence from non-cancer or 

non-fungal depression studies. 

THE HYPOTHESIS 

The hypothesis advanced herein posits that probiotic 

supplementation–specifically with strains capable of 

antagonizing Candida, restoring microbial balance, and 

exerting anti-inflammatory effects–could attenuate 

depression in cancer patients with evidence of Candida 

overgrowth. This builds on a growing literature linking gut 

dysbiosis to psychiatric symptoms but distinguishes itself by 

focusing on the unique pathophysiological mechanisms of 

fungal (rather than solely bacterial) imbalance in the oncology 

setting [3-8, 13, 27]. Probiotics, defined as live microorganisms 

conferring health benefits when administered in adequate 

amounts, may modulate immune responses, enhance gut 

barrier integrity, and produce neuroactive metabolites that 

influence central mood regulation [8, 31-34]. Notably, certain 

probiotic strains, such as Lactobacillus species (e.g., 

Lactobacillus plantarum, Lactobacillus acidophilus, 

Lactobacillus reuteri, Lactobacillus fermentum, and 

Lactobacillus casei) and probiotic yeasts (e.g., Saccharomyces 

boulardii, Saccharomyces cerevisiae, and Issatchenkia 

occidentalis), have demonstrated anti-Candida activity both in 

vitro and in animal models. Additionally, these probiotics have 

been shown to exert beneficial effects on mood and 

inflammation (see Table 1 and Table 2) [13, 33-36]. However, 

the optimal strain(s), dosing, and formulation remain to be 

established for this specific population. 

 

Figure 1. The hypothetical pathway and mechanism by which 

Candida overgrowth contributes to depression in cancer 

patients [9-25] 

Table 1. Summarizing probable anticandidal properties of lactobacilli, which can be divided into direct and indirect effects [35] 

Mechanism Type Molecule/process Mode of action/effect Details/examples 

Bacteriocins & 
BLS 

Direct 
Plantaricin (Lactobacillus 

plantarum), BLS 

Disrupts cell membrane integrity, depolarizes 

membrane, causes ion leakage and ROS, 
induces apoptosis 

Only a few bacteriocins (e.g., plantaricin) 

studied in detail; membrane 
permeabilization, ROS ↑ 

Organic acids Direct 
Lactic, acetic, benzoic, 

sorbic acids 

Acidifies environment, ATP depletion, 

membrane disruption, inhibits glycolysis; 

intracellular acidification 

Benzoic acid impairs glucose fermentation; 

pH-dependent effects; turgor ↑, oxidative 

stress ↑ 

Fatty acids Direct SCFA, LCFA 

Disrupts fungal membrane, increases 

fluidity/permeability, inhibits ergosterol 
synthesis, detergent-like action 

Chain length may affect potency; causes loss 

of cellular electrolytes/proteins, structure 
damage 

Reuterin Direct 

3-

hydroxypropionaldehyde 

(glycerol-deriv) 

Induces oxidative stress via thiol group 

interaction, growth inhibition, OxyR-mediated 

stress response 

Inhibits various Candida spp.; aldehyde 

group is reactive 

Biosurfactants Direct Glycolipopeptides, others  Prevents adhesion to surfaces/tissues, reduces 

cell wall charge, direct antimycotic activity  

Lactobacillus pentosus biosurfactants; 

mechanism partially unknown 

Enzymes 
Direct Chitinase-like proteins 

(Lactobacillus johnsonii) 

Hydrolyzes chitin in cell wall, leading to cell 

wall degradation and fungal growth inhibition 

Especially active against C. glabrata 

Surface 
molecules 

(EPS) 

Direct Exopolysaccharides (e.g., 
LGG) 

Reduces hyphal transition, decreases adhesion 
to epithelial cells 

Cell wall-associated; mechanism not fully 
clear 

Biological 

competition 

Indirect Mucin binding, exclusion, 

displacement  

Outcompetes Candida for mucosal binding 

sites, reduces fungal adhesion and biofilm 

formation 

EPS aids lactobacilli adhesion; supernatants 

reduce Candida adhesion to HeLa cells 

Induction of 
antimicrobial 

peptides 

Indirect β-defensins, protegrins Stimulates epithelial production of AMPs, 
which damage or permeabilize fungal cell 

wall/membrane  

β-defensin 2/3 upregulated by Lactobacillus 
crispatus; synergistic with 

lysozyme/lactoferrin 
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It is important to situate this hypothesis within the broader 

context of cancer-related depression, recognizing that Candida 

overgrowth is only one of several contributors to systemic 

inflammation and mood disturbance [26, 28]. As such, 

probiotic therapy is envisioned as a potential adjunct to–not a 

replacement for–existing pharmacological, 

psychotherapeutic, and antifungal interventions [29, 30]. 

Clinical implementation would require careful patient 

selection, ideally guided by biomarkers of mycobiome 

composition, gut permeability, and inflammatory status, to 

identify those most likely to benefit and to monitor therapeutic 

response [37-39]. 

Evaluation of the Hypothesis  

The mechanistic rationale for targeting Candida 

overgrowth in cancer-related depression is supported by 

preclinical and clinical evidence. Chemotherapeutic regimens, 

antibiotics, and immunosuppression disrupt the normal 

balance of gut bacteria and fungi, leading to overgrowth of 

Candida, increased intestinal permeability, and translocation 

of fungal antigens and metabolites into systemic circulation [9, 

10, 14, 15]. This triggers a cascade of immune activation and 

cytokine release, which is known to drive neuroinflammation 

and disrupt serotonergic and dopaminergic 

neurotransmission, contributing to depressive symptoms [11, 

12, 16, 18-21]. Comparative studies have shown that Candida 

overgrowth is associated with more severe gut barrier 

dysfunction, higher systemic inflammation, and greater 

neuropsychiatric disturbance than other forms of dysbiosis in 

immunocompromised hosts [13-15, 27]. Furthermore, the 

production of acetaldehyde and other toxic metabolites by 

Candida is particularly neurotoxic and not paralleled by most 

bacterial species [22-25]. 

Probiotics have demonstrated the capacity to restore 

microbial equilibrium, reinforce gut barrier integrity, and 

reduce systemic inflammation in various disease models [40, 

41]. Specifically, Lactobacillus rhamnosus L34 reduced 

Candida-induced colitis and systemic inflammation in murine 

models [13], and Saccharomyces boulardii has shown efficacy 

in reducing Candida colonization and gut permeability in both 

animal and human studies [33, 34]. Several clinical trials and 

meta-analyses have reported improvements in depressive 

symptoms with multi-strain probiotics, including Lactobacillus 

and Bifidobacterium species, in non-cancer populations [8, 34], 

although direct evidence in cancer patients with candidiasis 

remains limited. Importantly, preclinical evidence supports the 

antagonism of Candida by select probiotic strains, mediated by 

competitive exclusion, production of antifungal peptides, and 

modulation of host immunity [13, 33, 34]. This provides a 

strong theoretical basis for clinical exploration in oncology. 

Table 1 (Continued). Summarizing probable anticandidal properties of lactobacilli, which can be divided into direct and indirect 

effects [35] 

Mechanism Type Molecule/process Mode of action/effect Details/examples 

Immunomodulation Indirect 
MAMPs (Msa, p40, p75, 

SlpA, PGN) 

Activates host immune responses (TLRs, 

NLRs), modulates cytokine profiles, 

enhances antifungal defense 

Downregulates proinflammatory 

cytokines (TNF-α, IL-1β, IL-6, IL-17); 

upregulates IL-10, IL-22 

Immune cell 

activation  
Indirect 

T/B cells, macrophages, 

dendritic cells 

Activates/attracts immune cells, enhances 
antibody responses (IgG, IgM), modulates T 

cell balance 

Induces protective IgG/IgM; modulates via 
TLRs; Lactobacillus acidophilus 

stimulates macrophage migration 

Mucosal barrier 

protection  
Indirect 

Mucin (MUC2, MUC3) & 

tight junction proteins 

Increases mucin secretion, upregulates tight 

junctions (claudin-1, occludin, ZO-1), 

maintains epithelial integrity 

Protects against pathogen invasion and 

inflammation; Lactobacillus reuteri, 

Lactobacillus plantarum, Lactobacillus 

rhamnosus studied 

Anti-inflammatory 

properties  
Indirect 

Cytokine modulation, 

tryptophan metabolites 

Reduces inflammation, preserves barrier, 

balances immune response, increases anti-

inflammatory cytokines 

Tryptophan catabolism → indole 

derivatives → IL-22 induction 

(barrier/AMPs) 

Biotransformation 

of host compounds 
Indirect 

Casein-derived peptides, 

others 

Converts host macromolecules into 

antifungal secondary metabolites 

Recently described casein-derived 

peptide with antifungal activity 

Note. BLS: Bacteriocin-like substances; ROS: Reactive oxygen species; ATP: Adenosine triphosphate; SCFA: Short-chain fatty acids; LCFA: Long-

chain fatty acids; BLS: Bacteriocin-like substances; EPS: Exopolysaccharides; LGG: Lactobacillus rhamnosus GG; PGN: Peptidoglycan; Msa: 
Mannose-specific adhesin; SlpA: Surface-layer protein; ZO-1: Zonula occludens-1; MUC: Mucin; AMPs: Antimicrobial peptides; MAMPs: 

Microorganism-associated molecular patterns; & TLR/NLR: Toll-like/NOD-like receptors 

Table 2. Summarizing the potential anticandidal properties of probiotic yeasts [36] 

Probiotic yeast 

strain 

Targeted Candida species or 

virulence factors 
Anticandidal mechanisms 

Experimental/ 

clinical evidence 

Saccharomyces 

boulardii 

Candida albicans, Candida tropicalis, 

Candida krusei, Candida parapsilosis, 

Candida glabrata, Candida auris 

Inhibits adhesion, biofilm formation, and filamentation; secretes 
small bioactive molecules; reduces inflammatory cytokines (TNF-α, 

INF-γ) in colon epithelial cells; prevents Candida albicans 

translocation in GI tract 

In vitro, ex vivo, in 

vivo, and clinical 

studies 

Saccharomyces 
cerevisiae 

Candida albicans and non-albicans 
species 

Inhibits adhesion, colonization, biofilm formation, filamentation; 

co-aggregation with Candida inhibits epithelial adhesion; Forms 

barrier on biotic surfaces; reduces virulence gene expression in 
Candida albicans; secretes bioactive molecules; decreases TNF-α, 

enhances IL-10 in host; reduces colonization and host cell damage; 

β-glucan decreases intestinal inflammation 

In vitro, ex vivo, in 
vivo models 

Issatchenkia 

occidentalis 

Candida albicans, Candida tropicalis, 

Candida krusei, Candida parapsilosis, 

Candida glabrata, Candida auris 

Inhibits adhesion, colonization, biofilm formation, and/or 

filamentation; unidentified metabolite inhibits non-albicans 

Candida virulence 

In vitro, ex vivo, in 

vivo models 

Note. TNFα: Tumor necrosis factor alpha & INF-γ: Interferon gamma 
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Current antifungal treatments (e.g., fluconazole and 

echinocandins) are effective for invasive candidiasis but are 

associated with risks of resistance, drug interactions, and 

toxicity, especially in patients already burdened by 

polypharmacy [10]. Moreover, these agents do not restore 

microbial balance or address underlying dysbiosis, potentially 

allowing for recurrence or persistence of low-grade 

inflammation. Probiotics may offer a complementary strategy, 

targeting both the pathogen and the milieu that supports its 

overgrowth, while also addressing mood-related pathways [33, 

34, 40]. 

Hypothesis Testing  

A robust evaluation of this hypothesis requires a sequential 

integration of preclinical and clinical studies. Initial research 

should use animal models that mimic immune-compromised, 

tumor-bearing conditions with induced Candida overgrowth 

and depressive-like behaviors, in order to assess the effects of 

candidate probiotic strains such as Lactobacillus rhamnosus 

L34, Saccharomyces boulardii, and Lactobacillus plantarum on 

behavioral, immunological, and microbiome outcomes [13, 

42]. Advanced techniques–including microbiome sequencing, 

cytokine profiling, and neurochemical analyses–should be 

employed to clarify underlying mechanisms and identify 

predictive biomarkers of response [38, 42]. Subsequent 

translational studies should involve well-designed pilot 

randomized controlled trials (RCTs) in cancer patients with 

confirmed Candida overgrowth (determined by stool culture, 

PCR, or fungal marker assays) and clinically significant 

depressive symptoms. These trials should utilize validated 

depression rating scales (such as the Hamilton depression 

rating scale and patient health questionnaire-9), quality-of-life 

measures, gut permeability markers (e.g., zonulin), pro-

inflammatory cytokines, and microbiota/mycobiome 

sequencing as outcome variables [37-39]. If initial trials 

demonstrate safety and efficacy, larger multicenter RCTs 

should be conducted to confirm external validity and to refine 

probiotic dosing and strain selection [43, 44]. Throughout all 

stages, stratification by cancer type, disease stage, treatment 

regimen, and baseline microbiome profiles will be crucial for 

managing heterogeneity [45]. Longitudinal study designs are 

recommended to assess the durability of observed effects and 

potential impacts on cancer progression [46]. Future clinical 

trials should also incorporate rigorous methodological 

frameworks, including sample size calculations, clearly defined 

primary and secondary endpoints, appropriate control groups, 

sufficient follow-up periods, and adequate blinding and 

placebo control strategies. Recruitment should focus on 

assembling sufficiently homogeneous patient cohorts to 

enable meaningful subgroup analyses. 

Safety Considerations  

Despite preliminary evidence of safety for certain strains, 

the real-world risk of probiotic-associated bacteremia or 

fungemia in immunocompromised hosts warrants cautious, 

protocolized risk stratification and monitoring–especially in 

patients with severe neutropenia or central venous catheters 

[44]. To mitigate risks, only well-characterized, clinically 

validated strains with established safety profiles should be 

used, and patients monitored for adverse events [43, 44]. 

Probiotics must be manufactured under stringent good 

manufacturing practice conditions to prevent contamination, 

and administration should be avoided in patients with severe 

immunosuppression or ongoing mucositis until safety is 

unequivocally established. Close collaboration with infectious 

disease specialists and monitoring of infection biomarkers are 

recommended during clinical trials [44]. However, long-term 

safety data and regulatory guidance for probiotic use in 

oncology are currently insufficient and should be a focus of 

future research. 

Clinical Implementation  

Clinical implementation of probiotic therapy in oncology 

should involve detailed protocols for patient risk stratification, 

continuous monitoring for adverse events, and rapid 

management of infectious complications. When integrating 

probiotics into cancer care, clinicians must carefully consider 

treatment burden, existing comorbidities, and patient 

preferences. Probiotics may be used as an adjunct to standard 

antidepressant or antifungal therapy, with patient selection 

guided by baseline mycobiome profiles and inflammatory 

biomarkers to optimize benefits and minimize risks [37, 39]. It 

is essential to educate both clinicians and patients about the 

rationale and evidence supporting psychobiotic use in this 

setting, alongside ongoing surveillance for potential adverse 

effects. Furthermore, health economic analyses should 

evaluate the cost-effectiveness of probiotic interventions, 

particularly if they reduce hospitalizations or improve quality 

of life [47]. Successful real-world implementation will require 

multidisciplinary collaboration among oncologists, 

psychiatrists, microbiologists, and pharmacists. 

Limitations and Future Directions  

The proposed hypothesis is constrained by several 

limitations. While Candida overgrowth may contribute to 

inflammation and depressive symptoms in some cancer 

patients, depression in oncology is a complex, multifactorial 

disorder with numerous established etiologies, such as direct 

neurotoxic effects of chemotherapy, tumor biology, and 

psychosocial stressors. Thus, the potential impact of probiotics 

targeting Candida should be considered as one component 

within a broad, integrative management framework, not as a 

singular or dominant pathway [26, 28]. Heterogeneity in cancer 

type, treatment, host genetics, and microbiome composition 

complicates patient selection and generalizability [42]. 

Probiotic efficacy is highly strain- and dose-dependent, with 

substantial heterogeneity observed across different 

formulations. Optimal strain selection, combinations, and 

dosing regimens for immunocompromised cancer patients 

have yet to be established and represent a critical research gap 

[43]. Reliable diagnosis of subclinical Candida overgrowth 

remains challenging due to limited sensitivity and specificity of 

current diagnostic tools–including stool cultures, PCR, and 

serological fungal markers. Moreover, there is a lack of 

standardized, validated biomarkers to identify cancer patients 

most likely to benefit from targeted probiotic interventions 

[39]. Safety concerns in immunocompromised patients 

necessitate cautious, stepwise clinical evaluation [44]. The 

durability of mental health improvements and the potential 

effects on cancer outcomes require longitudinal study [46]. 

Future research should prioritize the identification and 

validation of biomarkers (e.g., mycobiome signatures, gut 

permeability markers, and cytokines) to guide therapy and 

should explore synergistic combinations with antifungals or 

dietary interventions [37, 39]. In addition, potential 

pharmacological interactions between probiotics and 

conventional antifungal or antidepressant medications, as well 

as possible effects on the efficacy and safety of cancer 
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therapies such as chemotherapy or immunotherapy, remain 

largely unexplored and should be routinely evaluated in future 

clinical studies. Finally, confounding factors such as dietary 

patterns, recent or concurrent antibiotic use, cancer type and 

stage, and history of microbiome-altering interventions may 

influence both the presence of Candida overgrowth and the 

clinical response to probiotics. Future studies should 

incorporate stratification or adjustment for these variables to 

enhance interpretability and generalizability. 

CONCLUSIONS 

This article proposes an integrative approach to addressing 

depression in cancer patients by focusing on Candida-driven 

dysbiosis and the potential of targeted probiotic therapy. 

However, because current evidence is still preliminary, it is 

important not to overstate the likely clinical benefits of such 

microbiome-targeted interventions. Ethical issues, such as 

ensuring informed consent and managing patient 

expectations, should be carefully considered when introducing 

these therapies to vulnerable cancer populations. Further 

translational research is necessary to determine their safety, 

effectiveness, and best practices. If proven successful, this 

strategy could significantly improve holistic care in oncology 

by enhancing the management of psychiatric comorbidities 

and overall patient outcomes. 
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