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[Abstract] Radiotherapy is a crucial treatment modality for head and neck tumors. However, while effectively killing
tumor cells, it significantly disrupts the homeostasis of the oral microecology, which is closely associated with various
complications such as radiation-induced oral mucositis. Literature review indicates that as radiotherapy doses accumu-
late and treatment durations extend, the richness and diversity of the oral microbiota show a declining trend, with the

genus Streptococcus decreasing most markedly. In contrast, radiotherapy selectively promotes the proliferation of bacte-
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rial phyla such as Proteobacteria and Bacteroidetes, which are rich in opportunistic pathogens. Mechanistically, radio-
therapy activates the nuclear factor-kappa B pathway, triggering chronic inflammation and oxidative stress, damaging
the epithelial barrier, suppressing local immunity, and causing damage to organs such as the salivary glands. It can also
induce systemic diseases via the oral-gut axis, forming a multi-level, interconnected pathogenic network. In terms of in-
terventions, treatment strategies including probiotics and prebiotics have shown promising efficacy against side effects
such as radiation-induced oral mucositis. Saliva-based oral microbiota transplantation is an emerging strategy that is ex-
pected to become widely utilized for restoring oral microecological balance. Existing interventions provide preliminary
pathways for clinical practice, but this field still faces several key scientific questions. The association between oral mi-
croecology and systemic diseases remains largely correlative, lacking causal evidence. Furthermore, critical parameters
for oral microbiota transplantation, such as donor screening criteria, transplantation protocols, and long-term safety, are
not yet well-defined. Therefore, future research should focus on conducting large-scale clinical trials to establish stan-
dardized protocols and safety evaluation systems for oral microecological interventions, and explore combined treatment
therapies such as probiotics, prebiotics, and microbiota transplantation to advance the development of personalized pre-
cision modulation. These will enable more effective management of radiotherapy-induced oral microecological dysbiosis
and improve treatment outcomes and quality of life for patients with head and neck tumors.

[Key words] head and neck tumor; radiotherapy; radiation-induced oral mucosal disease; oral microecologi-
cal;  microecology imbalance; probiotics;  prebiotics; microbiota transplantation; oral microbiota; precision
modulation
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Table 1 Oral microbial taxa showing a significant correlation

with radiation doses

Microbial taxa Specific species Correlation trend

Gate level Proteobacteria Positive correlation
Spirochaetes Positive correlation

Fusobacteria Negative correlation

Genus level Pseudomonas Positive correlation
Treponema Positive correlation

Granulicatella Positive correlation

Capnocytophaga Positive correlation

Prevotella Negative correlation

Fusobacterium Negative correlation

Leptotrichia Negative correlation

Campylobacter Negative correlation

Helicobacter Negative correlation

Peptostreptococcus Negative correlation

Atopobium Negative correlation
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This schematic illustrates the multi-level pathogenic mechanism driven by oral microecological dysbiosis as the core factor. Dysregulation at the
molecular level (e.g., inflammatory signaling and oxidative stress, microbial metabolite alterations) initiates pathologies at the tissue level (e.g., epi-
thelial barrier disruption and immune cell dysfunction). These changes progressively evolve into clinical manifestations such as salivary gland dam-
age and oral mucosal injury. The interactions across these levels form a self-reinforcing cycle that continuously exacerbates oral microecological
dysbiosis. LPS: lipopolysaccharide; NF-kB: nuclear factor-kappa B; TNF-a: tumor necrosis factor-alpha; 11L-6: interleukin-6; IL-1B: interleukin-1
beta; IL-8: interleukin-8; IgA: immunoglobulin A; TH1: T helper 1 (cells)

Figure 1 Mechanisms of radiotherapy-induced oral microecological dysbiosis in patients with head and neck tumor
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This figure illustrates the cascade of oral pathological consequences resulting from radiotherapy (e.g., hyposalivation, impaired mucosal barrier, de-

creased immune surveillance, and dysregulated inflammation) and the corresponding potential intervention strategies (e.g., microbiome transplanta-

tion, cytokine therapy, and probiotics) aiming to restore a balanced microecology

Figure 2 Pathological progression and intervention strategies for radiotherapy-induced damage in patients with head and neck tumor
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