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Summary: Background. This systematic review summarized current evidence regarding the role of upper 
aerodigestive tract microbiomes (UAM) in laryngeal squamous cell carcinoma (LSCC) development, pro
gression, clinical, and oncological outcomes.  
Methods. Two investigators systematically search PubMed, Scopus, and Cochrane Library databases for 
studies investigating microbiome characteristics, mechanistic roles, and associations with clinical and oncolo
gical outcomes in LSCC according to the Preferred Reporting Items For A Systematic Review And Meta- 
analysis statements. The bias analysis was conducted with the methodological index for nonrandomized studies. 
Results. Ten studies were included, accounting for 491 LSCC patients. LSCC tissues demonstrated lower 
bacterial diversity compared with controls. Taxonomic analyses suggested an overrepresentation of 
Bacteroidetes (Prevotella) and Fusobacteriota (Fusobacterium) in LSCC, while Firmicutes (Stomatobaculum 
longum, Abiotrophia, Gemella, and Streptococcus) and Actinobacteria (Actinomyces, Corynebacterium, 
and Rothia mucilaginosa) were predominant in control tissues. Firmicutes demonstrated the largest composi
tional variation across studies, with 30.9%-63.6% abundance in LSCC compared with 13.9%-32% in controls. 
Two studies explored microbiome signatures: one for LSCC diagnosis and another for prognosis. Substantial 
methodological heterogeneity was observed across studies regarding confounding factor analysis, UAM as
sessment protocols, and control tissue selection. 
Conclusion. The current literature supports potential distinct UAM signatures between LSCC and non
cancerous tissues, with Bacteroidetes and Fusobacteriota enriched in LSCC tissues.  

Although emerging evidence supporting the key role of UAM in the development of LSCC, substantial 
methodological heterogeneity across studies necessitates standardized protocols for future investigations. 
Key Words: Laryngeal—Cancer—Carcinoma—Microbiome—Microbiota—Bacteria—Surgery—Larynx— 
Oncological—Outcome—Review.   

INTRODUCTION 
Head and neck squamous cell carcinoma is the 6th most 
common adult cancer worldwide, corresponding to 5.3% of 
all cancers.1 Laryngeal squamous cell carcinoma (LSCC) is 
the second most prevalent head and neck squamous cell 
carcinoma, accounting for 211 000 new cases and 126 000 
deaths per year worldwide.1,2 The incidence of LSCC has 
significantly decreased in the past three decades, primarily 
because of the decrease of the incidence of localized disease, 
but the mortality did not decrease similarly, which results in 
an increased case-fatality rate overall.3 Thus, there is a cri
tical need to renew attention to research on a new biologic 
cause of LSCC, and to develop effective new approaches for 

prevention.4 The development of culture-independent mo
lecular techniques for environment DNA analysis has led to 
increased investigation of microbiome roles in respiratory 
and digestive diseases over recent decades.5 In head and 
neck squamous cell carcinoma, the upper aerodigestive tract 
microbiome (UAM) has been shown to be involved in the 
carcinogenesis and the tumor progression, affecting the 
tumor microenvironment by promoting inflammation and 
producing carcinogenic metabolites.5,6 The UAM also af
fects the immune environment, modulating the response to 
immunotherapy, chemotherapy, or radiotherapy, and the 
related overall survival.7 

This systematic review aimed to summarize current evi
dence regarding the role of UAM in LSCC development, 
progression, clinical, and oncological outcomes. 

MATERIALS AND METHODS 
The systematic review was conducted according to the 
Preferred Reporting Items for a Systematic Review and 
Meta-analysis (PRISMA) checklist.8 The criteria for con
sidering studies were based on the population, intervention, 
comparison, outcome, timing, and setting framework.9 

Studies 
The systematic review included studies published in 
English-language peer-reviewed journals from January 
2000 to January 2025. Eligible studies included prospective 
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and retrospective cohorts, cross-sectional analyses from 
cancer registries, and controlled trials investigating asso
ciations between UAM and LSCC. Case reports and ex
perimental animal studies were excluded. 

Participants and inclusion criteria 
Studies were included if they considered patients with 
subglottic, glottic, or supraglottic LSCC or pharyngeal 
SCC with laryngeal involvement. Microbiome analyses of 
laryngeal, pharyngeal, oral (saliva), or tracheal specimens 
were considered eligible. There was no selection criteria 
based on the treatment modalities, microbiome character
ization methods, or demographic factors. Studies ex
amining head and neck squamous cell carcinoma without 
specific LSCC subgroup analyses were excluded. 

Outcomes 
Two investigators independently carried out data extrac
tion with disagreements resolved through consensus. The 
primary outcomes included UAM compositional profiles 
(taxonomic classification: phylum, class, order, family, 
genus, and species) and their associations with LSCC. 
Secondary outcomes were study characteristics (design, 
evidence level), patient demographics (mean/median age, 
sex ratio), oncological findings (cTNM staging, anatomical 
subsite, and treatment modalities), and methodological 
aspects (specimen types, analytical techniques). 

Intervention and comparison 
There was no criterion for intervention. In case of in
vestigation of the prognosis value of UAM, the type of 
intervention (surgery, chemo-/radiotherapy) had to be 
specified. 

Timing and setting 
There were no criteria for specific timing in the disease 
process. 

Search strategy 
The author and a librarian independently conducted the 
PubMed, Scopus, and Cochrane Library searches for re
levant peer-reviewed publications related to UAM features 
in LSCC. The following keywords were used for the search 
strategy: Larynx; Laryngeal; Cancer; Squamous Cell 
Carcinoma; Oncological; Microbiome; Microbiota; 
Bacteria; and Outcomes. The studies reporting database 
abstracts, available full texts, or titles with the search terms 
were considered. The research findings have been reviewed 
for relevance and the reference lists of some articles (eg, 
reviews or meta-analyses) were examined for additional 
pertinent studies. The included studies were analyzed for 
the number of patients, study design, inclusion and exclu
sion criteria, quality of trial/evidence-based level (EBL),10 

demographics, and outcomes. A critical attention was paid 
to the potential overlap between cohort studies. Ethics 
committee approval was not required. 

Bias analysis 
The bias analysis was conducted with the methodological 
index for nonrandomized studies (MINORS), which is a 
validated tool for assessing the quality of retrospective, 
prospective, uncontrolled, controlled, or randomized sur
gical studies.11 MINORS includes items rated 0 if absent, 1 
when reported but inadequate or partly adequate, and 2 
when reported and adequate. The following items compose 
the MINORS: 1) aim of the study [clearly stated (2), un
clear (1), or absent (0)]; 2) inclusion of consecutive (2), 
nonconsecutive (1), or undetermined (0) patients; 3) pro
spective data collection (prospective (2), retrospective 
analysis of prospective collected data (1), or absent (0)); 4) 
appropriateness of endpoints (adequate evaluation of 
UAM and oncological outcomes (2), adequate evaluation 
of one outcome (1), and no adequate outcome evaluation 
(0)); 5) adequate follow-up period (in case of prospective- 
predictive value studies); and 6) the 5% rate of lost to 
follow-up ((2) vs (0) if more than 5%). The item related to 
the study size prospective calculation was only considered 
for prospective studies and judged as good (2), mentioned 
as unnecessary or not provided (1), or absent (0). The ideal 
MINORS score was 16 for noncomparative studies and 24 
for comparative studies.11 

RESULTS 
Of the 29 identified studies, 10 studies met our inclusion 
criteria.12–21 Eight studies were prospective controlled 
(EBL: 3 C),12,13,15–20 and the others were uncontrolled 
prospective (EBL: 4)14,21 (Table 1 and Figure 1). Two 
studies demonstrated potential sample overlap; however, 
after careful evaluation, both were retained for analysis due 
to their distinct outcome measures and complementary 
findings.18,19 Analysis of cohorts revealed potential parti
cipant overlap between one large-cohort study15 and two 
smaller investigations.18,19 Moreover, 3 studies were ex
cluded from the final analysis due to confirmed overlap of 
patient data with previously included publications.22–24 

Demographics, patients, and tumor stages 
Excluding potential overlaps, the findings of 491 patients 
with LSCC were included. There were seven females and 
370 males. Gender was not detailed in one study.17 The 
mean age of patients ranged from 57.1 to 68.8 years 
(Table 1). The tumor stage and anatomical location fea
tures were described in six studies.12,15,16,19–21 The UAM 
was mostly investigated in cT3 and cN0 glottic and su
praglottic LSCC (Table 2). There was no study including 
patients with distant metastasis. The treatments were re
ported in two studies.12,21 Riva et al21 conducted correla
tion analysis between tracheal microbiome profiles and 
clinical outcomes, reporting no statistically significant as
sociations. Control specimens were predominantly derived 
from vocal cord polyp tissue,13,15,16,18,19 while only two 
investigations used tissue samples from healthy sub
jects.12,17 
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Microbiome outcomes 
The most important phyla outcomes are reported in  
Table 1. The differences in bacterial population between 
patients with LSCC and controls are shown in Table 3. 
Assessment of laryngeal microbial diversity revealed a 
statistically significant reduction in LSCC tissue samples 
compared with control specimens (eg, normal adjacent 
tissue, healthy donor tissue, and vocal cord polyp tissue 
samples) in two studies,16,20 while Hayes et al did not find 
significant differences in oral microbiome β-diversity be
tween LSCC and control individuals.17 

Bacteroidetes,12,19 Bacillota,12 and Fusobacteriota16,18 

phyla have been identified as predominant in LSCC com
pared with controls. Proteobacteria,17 Firmicutes,12,16,18,20 

and Actinobacteria16,17,20 were predominant in control 
tissues compared with LSCC specimens (Table 3). Phylum- 
level taxonomic analysis identified Firmicutes as exhibiting 
the most substantial compositional disparity, with relative 
abundance ranges of 30.9%-63.6% in LSCC specimens 
versus 13.9%-32% in control tissues.12,16,18,20 Dorobisz 
et al determined a cutoff for diagnosing LSCC with bac
terial population considering Firmicutes ≤22.1%, Bacillota 

FIGURE 1. PRISMA flowchart.  
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≥1.7%, and Bacteroidetes ≥24.7% as a biomarker of 
LSCC.12 Hsueh et al reported that Fusobacteriota (Fuso
bacterium nucleatum) impairs DNA mismatch repair and 
stability in patients with squamous cell carcinoma of the 
head and neck, and the abundance of Fusobacterium nu
cleatum was associated with a higher risk of LSCC recur
rence.15 

Among bacterial genera and fungi, the taxonomic profiling 
of at least two studies revealed an abundance of 
Actinomyces,18,20 Candidadus Sacharimonas aalborgensis,16,18 

Fusobacterium,13,15 Prevotella,12,15 and Stomatobaculum 
longum12,18 in LSCC tissues compared with controls; while the 
following species were more abundant in controls: Abiotrophia 
defective,17,18 Corynebacterium,16,17 Gemella,12,17,18 Rothia 
micilaginosa,12,13,15,20 and Streptococcus.12,13,15,18,20 Supple
mentary taxonomic differences between LSCC and control 
specimens were reported in single studies; complete microbiota 
compositional data are summarized in Table 3. 

Epidemiological analysis 
The mean MINORS was 10.8  ±  3.8, indicating substantial 
methodological limitations among included studies 
(Table 4). None of the studies considered the inclusion of 
consecutive patients with LSCC. The prospective data 
collection and unbiased endpoint assessment scores were 
heterogeneous across studies. Significant methodological 
limitations were identified for confounding factors: several 
studies lacked documentation of alcohol and tobacco ex
posure,14,20 while others, despite recording these variables, 
did not analyze their potential impact on microbiome 
composition.12,13,15–19,21 Additionally, antibiotic exposure 
was not adequately controlled for in one investigation.12 

The consideration of patients with and without a history of 
head and neck radiation was an additional potential con
founding factor.21 The missing information related to the 
LSCC stage in some studies13,14,16–18 is an additional bias, 
limiting the finding interpretation. None of the studies re
ported study size calculation (Table 4). The selection of 
controls is an additional limitation of most studies with the 
consideration of vocal cord polyp13,15,16,18,19 or adjacent 
tumor tissue16 as controls. Finally, some studies reported 

heterogeneity in the methods used for DNA extraction, 
amplification, quantification, and sequencing (Table 5). 

DISCUSSION 
The development and accessibility of metagenomic shotgun 
sequencing, which fragments environmental DNA, has 
enabled phylogenetic analysis and microbiota dynamics 
characterization through functional gene and pathway as
sessment in otolaryngological and head and neck surgical 
contexts. 

The present systematic review identified specific phyla/ 
bacteria significantly associated with the development/ 
progression of LSCC. Precisely, the LSCC tissues demon
strated lower bacterial diversity compared with controls, 
and different population patterns. Phylum-level taxonomic 
analysis suggested an overrepresentation of Bacteroidetes 
(ie, Prevotella) and Fusobacteriota (ie, Fusobacterium) in 
LSCC, while Firmicutes (ie, Stomatobaculum longum, 
Abiotrophia, Gemella, and Streptococcus) and 
Actinobacteria (ie, Actinomyces, Corynebacterium, 
and Rothia mucilaginosa) were predominant in control 
tissues. Recent investigations of colorectal and head and 
neck squamous cell carcinoma tissues revealed a negative 
association between Fusobacterium abundance and DNA 
mismatch repair (MMR) pathway expression.15,25 MMR, a 
highly conserved cellular mechanism, identifies and cor
rects base-pair mismatches and insertion/deletion loops 
during DNA replication and recombination, suggesting a 
potential mechanism linking bacterial dysbiosis to carci
nogenesis. In this review, Firmicutes demonstrated the 
largest compositional variation across studies, with 30.9%- 
63.6% abundance in LSCC compared with 13.9%-32% in 
controls.12,16,18,20 The low abundance of Firmicutes was 
similarly identified in oral, pharyngeal, and esophageal 
malignancies,26,27 supporting a potential transversal role of 
this phylum in the development of head and neck malig
nancies. 

Current microbiome research primarily consists of pro
spective controlled and cross-sectional studies of patients 
with established cancer diagnoses and existing dysbiosis. 

TABLE 2.  
Oncological Outcomes                    

T Stage  N Stage  Anatomical Location 

References N cT1-is cT2 cT3 cT4 N0 N1 N2a N2b N2c N3a M+ Subglottic Glottic Supraglottic  

Dorobisz et al12 44 11 17 13 3 25 5 13 0 0 1 0 0 33 11 
Gong et al19 31 12 19 NP  0 0 20 11 
Dong et al16 19 NP NP NP NP NP NP NP NP NP NP  0 19 0 
Riva et al21 25 0 3 16 6 16 4 5 0 0 1 17 7 
Shin et al20 19 0 3 10 6 5 1 13 0  NP NP NP 
Hsueh et al15 110 12 40 43 15 79 9 21 1 0 0 71 39  

61 19 42 38 23 0 34 27 
Total number 309 54 63 143 30 163 42 52 0 0 2 0 35 160 95 

Abbreviations: NP, not provided.    
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Thus, the temporal relationship between microbial dys
biosis and LSCC development is still unresolved. The 
contributing factors of LSCC, including tobacco, alcohol 
(supraglottic carcinoma), and laryngopharyngeal reflux 
disease, may be currently considered as the primary etio
logical factors of dysbiosis. In oral squamous cell carci
noma, alcohol and poor oral health status combining to 
induce chronic inflammation have been associated with the 
development of dysbiosis and an increased acetaldehyde 
level, leading to a tumor-promoting environment.28 In or
opharyngeal and LSCC, the tobacco consumption had a 
significant influence on the global community structure, 
specifically at lower taxonomic levels.29 In the same vein, 
preliminary evidence suggested that laryngopharyngeal 
reflux disease patients exhibit distinct laryngopharyngeal 
and oral microbiota profiles compared with healthy con
trols,30,31 while human papilloma virus (HPV)-microbiome 
interactions potentially modulate local immune responses 
through complex mechanisms.32 Despite increased evidence 
supporting their significance, the key UAM-influencing 
factors—including HPV status, laryngopharyngeal reflux 
disease, nutritional status, and alcohol and tobacco con
sumptions—were insufficiently considered in the analyzed 
studies, potentially confounding the observed differences 
between LSCC and control UAM profiles. 

Despite the anatomical continuity of the upper aero
digestive tract mucosa, distinct bacterial diversity patterns 
and community compositions have been observed across 
different anatomical subsites. Thus, the heterogeneity in 
the microbiome samples (eg, saliva, tracheal, pharyngeal, 
and laryngeal secretions) is the primary limitation of the 
present review. The variability in UAM sequencing 
methods potentially biases study comparisons, consisting 
of another limitation of this review. 

Importantly, the present review reports a male:female 
ratio of greater than 50:1, which does not represent the 
common ratio in LSCC that is 4-7 times greater in males 
compared with females. Because inflammatory and onco
logical processes can be influenced by gender,33 this low 
representation of females can limit the generalizability of 
the microbiome findings. 

Finally, laryngeal specimens of patients with vocal cord 
polyps13,15,16,18,19 or adjacent tumor tissue16 were con
sidered as controls in many studies. Vocal cord polyps are 
benign lesions of the vocal folds that primarily develop in 
patients with underlying disorders compromising vocal fold 
mucosal integrity, such as laryngopharyngeal reflux dis
ease.34 Consequently, considering vocal cord polyp speci
mens as controls may introduce systematic bias in group 
comparisons, as their associated UAM cannot be represent 
the UAM of healthy vocal fold mucosa. 

CONCLUSION 
The current literature supports potential distinct UAM 
signatures between LSCC and noncancerous tissues, with 
Bacteroidetes and Fusobacteriota enriched in LSCC 

tissues. To date, data investigating the prognostic value of 
UAM in carcinoma oncological outcomes are lacking. 
Although emerging evidence supporting the key role of 
UAM in the development of LSCC, substantial methodo
logical heterogeneity across studies necessitates standar
dized protocols for future investigations. 
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