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ABSTRACT
Introduction: Periodontitis is a highly prevalent oral disease characterized by chronic 
inflammation and microbial dysbiosis. Hepatocellular carcinoma (HCC) is the most common 
primary liver cancer worldwide. Emerging evidence suggests a potential association between 
these diseases; however, current evidence remains scarce and fragmented. Objective: To 
systematically map and synthesize the available human evidence regarding the association 
between periodontitis and HCC.
Materials and Methods: A scoping review was conducted following the Joanna Briggs Institute 
guidelines. Electronic searches were performed across PubMed, Scopus, Web of Science, 
Cochrane library, and OVID databases. Eligibility was restricted to primary human studies. 
Results: six studies met the inclusion criteria. Epidemiological findings regarding initiation risk 
were inconsistent. Conversely, clinical and microbiological studies converged on a plausible 
association of periodontitis with HCC progression and severity. Overall, HCC patients exhibited 
reduced oral immunity and microbial diversity, with enrichment of specific pathogens such 
as Fusobacterium nucleatum, Porphyromonas gingivalis and Cyanobacteria. Furthermore, 
periodontitis was clinically associated with advanced HCC staging, and increased serum 
reactive oxygen metabolites, indicating synergistic oxidative burden. 
Conclusions: While epidemiological evidence on periodontitis as a risk factor for HCC 
remains conflicting, growing clinical research supports periodontitis may contribute to HCC 
progression and severity. Further longitudinal and mechanistic research are needed to clarify 
this relationship, explore its underlying mechanisms, and determine its implications for cancer 
prevention and multidisciplinary care.
Keywords: Periodontitis; Hepatocellular carcinoma; Association; Risk factor; Immunity; Systematic 
review
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INTRODUCTION

Periodontitis is a highly prevalent chro-
nic inflammatory oral disease initiated 
by microbial dysbiosis and sustained by a 
dysregulated host immune response, re-
sulting in irreversible destruction of the 
periodontal attachment apparatus.1 It is 
one of the leading causes of tooth loss 
worldwide.2,3 In Chile, more than 90% of 
adults are affected, with periodontal tis-
sue damage accumulating progressively 
over time.3 Clinically, periodontitis is cha-
racterized by bleeding on probing (BOP), 

loss of the clinical attachment level (CAL), 
periodontal pocket formation, and alveo-
lar bone resorption, the latter typically 
identified radiographically as marginal 
bone resorption.4,5 From an etiopathoge-
nic perspective, periodontitis begins with 
the formation of an acquired pellicle, a 
thin film of salivary proteins that coats 
the tooth surfaces, followed by bacterial 
adhesion, colonization, and subsequent 
biofilm formation.2 Over time, the biofilm 
undergoes dysbiotic shifts, favoring the 
predominance of periodontal pathogens 
such as Porphyromonas gingivalis. 

RESUMEN
Introducción: La periodontitis es una enfermedad oral altamente prevalente, caracterizada por 
inflamación crónica y disbiosis microbiana. El carcinoma hepatocelular (CHC) es el cáncer primario 
de hígado más frecuente del mundo. Evidencia emergente sugiere una posible asociación entre 
ambas enfermedades; no obstante, la evidencia disponible es limitada y fragmentada. Objetivo: 
Mapear y sintetizar sistemáticamente la evidencia humana disponible sobre la asociación entre 
periodontitis y CHC.
Materiales y métodos:  Se realizó una revisión de alcance siguiendo las directrices del Instituto 
Joanna Briggs. Se efectuaron búsquedas electrónicas en las bases de datos PubMed, Scopus, 
Web of Science, Cochrane Library y OVID. Se incluyeron únicamente estudios primarios en 
humanos.
Resultados:  Seis estudios cumplieron con los criterios de inclusión. Los hallazgos epidemiológicos 
sobre riesgo de inicio fueron contradictorios. Los análisis clínicos y microbiológicos coincidieron 
en una posible asociación entre periodontitis y la progresión y severidad del CHC. En general, 
los pacientes con CHC mostraron una inmunidad oral reducida y menor diversidad bacteriana, 
con enriquecimiento de patógenos específicos como Fusobacterium nucleatum, Porphyromonas 
gingivalis y Cianobacterias. Además, la periodontitis se asoció con CHC de mayor severidad y 
mayores niveles séricos de metabolitos reactivos del oxígeno, sugiriendo mayor carga oxidativa 
sistémica.
Conclusión: Si bien la evidencia epidemiológica de la periodontitis como factor de riesgo para 
CHC sigue siendo contradictoria, estudios clínicos recientes respaldan que la periodontitis 
podría contribuir a la progresión y severidad del CHC. Se requieren más estudios longitudinales 
y mecanísticos para dilucidar la naturaleza de esta relación y explorar sus implicancias en la 
prevención del cáncer y su abordaje multidisciplinario.
Palabras clave:  Periodontitis; Carcinoma hepatocelular; Asociación; Factor de Riesgo; Inmunidad; 
Revisión sistemática
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These microorganisms trigger a persistent 
and dysregulated host inflammatory res-
ponse, ultimately leading to progressive 
destruction of the periodontal supporting 
tissues.2

Beyond its oral manifestations, periodon-
titis has been associated with an increa-
sed risk of several systemic diseases (e.g., 
diabetes mellitus, cardiovascular disease, 
and chronic kidney disease), as well as 
with certain cancers.6,7 Epidemiological 
evidence suggests that individuals with 
periodontitis may have a two- to five-fold 
higher risk of developing cancer compared 
with periodontally healthy counterparts.8 

In addition, periodontal pathogens such 
as P. gingivalis and Fusobacterium nu-
cleatum have demonstrated carcinogenic 
potential, which may contribute to tumori-
genesis and further amplify cancer risk in 
affected individuals.9

Hepatocellular carcinoma (HCC) is the 
most common primary liver malignancy 
and the third leading cause of cancer-re-
lated mortality worldwide, representing 
a major global public health challenge.10 

Its development is multifactorial, with 
well-established risk factors, including 
diabetes mellitus, chronic viral hepatitis 
(B, C, and D), excessive alcohol consump-
tion, cirrhosis, exposure to aflatoxin B1, 
non-alcoholic fatty liver disease (NAFLD), 
and metabolic syndrome.11 Among the-
se, cirrhosis remains the strongest and 
most consistent predictor of HCC develo-
pment.12 Prognosis is generally poor, lar-
gely because most cases are diagnosed at 
advanced stages when treatment options 
are limited and less effective.13

Emerging evidence indicates a potential 
association between periodontitis and 

HCC, likely mediated by mechanisms in-
volving chronic low-grade systemic in-
flammation, the oral-gut-liver axis, and 
overproduction of reactive oxygen spe-
cies (ROS).14

More recently, research has turned to the 
prospective role of microRNAs (miRNAs), 
which regulate key biological processes 
in both diseases. In periodontitis, MiRNAs 
contribute to tissue homeostasis, bone 
resorption, and immune responses,14-17 
while in cancer, they influence tumorige-
nesis by either promoting or inhibiting tu-
mor suppressors and oncogenes.18

To explore shared molecular pathways, 
recent bioinformatic analyses have cons-
tructed competing endogenous RNA ne-
tworks between both diseases. Notably, 
one such analysis identified three cross-
talk genes common to both periodontitis 
and HCC.19 These genes participated in 
immune modulation, cell cycle regulation, 
and liver metabolism; serving as potential 
prognostic biomarkers for HCC.19 However, 
despite these insights, the biological me-
chanisms linking periodontitis and HCC re-
main poorly understood. Current evidence 
is limited and fragmented, underscoring 
the need for a comprehensive synthesis. 
Therefore, this exploratory scoping re-
view aimed to systematically map and 
synthesize the available human evidence 
on the association between periodontitis 
and HCC.

MATERIALS AND METHODS

Protocol and registration
The protocol for this scoping review was 
reviewed and approved by Ethics and Scien-
tific Committee at the Faculty of Dentistry, 
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Universidad Andres Bello, Santiago, Chile 
(Approval 08-2024 #PROPRGFO_2024_66). 
The study was conducted in accordance with 
the Joanna Briggs Institute (JBI) manual for 
Evidence Synthesis, specifically the chapter on 
scoping reviews.20 
The complete protocol is publicly available 
on the Open Science Framework platform 
(available at: https://osf.io/u9nz6/overview).

Research question
The guiding research question was: “What 
human evidence exists in the scientific 
literature regarding the association between 
periodontitis and HCC?” 

Eligibility criteria
Eligibility criteria were defined using the 
Population/Concept/Context (PCC) framework. 
1.	 Population: Primary human studies involving 
participants of any age or sex with periodontitis 
and/or HCC. 
2.	 Concept: Studies reporting epidemiological 
or clinical evidence addressing the association 
between periodontitis and HCC.
3.	 Context: All clinical and population-based 
settings, without restrictions by geographic 
location, language or publication date.
Only primary human studies were eligible 
for inclusion. Animal studies, in vitro expe-
riments, and bioinformatics analyses were 
excluded from results and considered solely 
supporting mechanistic evidence in the dis-
cussion.

Exclusion criteria included
(a) non-primary publications (e.g., reviews,  
editorials, letters to the editor, conference 
abstracts, etc.), (b) studies not explicitly 
addressing the association between perio-
dontitis and HCC, (c) studies lacking a clearly 
defined methodology, and (d) studies for which 
the full text was unavailable. 

Information sources and electronic 
literature search
A systematic literature search was performed 
across PubMed, SCOPUS, Web of Science (WOS), 
Cochrane Library, and OVID from March to May 
2024. The search was updated in January 2026 
prior to resubmission. Final search strategies 
incorporated appropriate Medical Subject Hea-
dings and were adapted for each database: 
1.	PubMed: (“Periodontitis” [Mesh] OR “Pe-
riodontitis” [All]) AND ("Carcinoma, Hepato-
cellular" [Mesh] OR "Carcinoma, Hepatoce-
llular" [All]). 
2.	Scopus: TITLE-ABS-KEY (periodontitis) AND 
TITLE-ABS-KEY (carcinoma, hepatocellular). 
3.	WOS: (ALL=(periodontitis)) AND ALL= (carci-
noma, hepatocellular).
4.	Cochrane Library: ([mh Periodontitis] OR 
Periodontitis) AND ([mh "Carcinoma, Hepa-
tocellular"] OR "Carcinoma, Hepatocellular").
5.	OVID: (Periodontitis and Carcinoma, Hepa-
tocellular). af.

Selection of sources of evidence
Records were imported into Rayyan for scre-
ening (https://www.rayyan.ai/). Two revie-
wers (V.G., C.G.) independently screened titles, 
abstracts, and full texts against eligibility 
criteria. To ensure inter-reviewer consistency, 
calibration exercises were performed and 
screening only commenced after achieving 
an inter-rater agreement >0.6. Disagreements 
were resolved by consensus or by consultation 
with the lead supervisor (C.J). 

Data charting and items
The reviewers (V.G., C.G.) performed data 
extraction. A standardized Excel form was used 
to capture author(s), year, country, journal, 
language, study design, study objective, key 
outcomes and conclusions. 

Data synthesis and reporting 
Results were synthesized descriptively and 
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grouped thematically into three categories: 
(a) Epidemiological evidence from large-scale 
prospective studies; 
(b) Microbial and Immunological findings from 
Cross-sectional and Case-control Studies, and;
(c) Periodontitis, oxidative stress, and HCC 
Severity. 
Consistent with JBI guidance, no formal risk-
of-bias assessment was performed, as this 
is not a mandatory component of scoping 
reviews.20 A meta-analysis was not conducted 
due to the exploratory nature of this review, 
the small number of eligible human studies, 
substantial clinical and methodological he-
terogeneity across study designs, and the 
absence of sufficiently comparable outcomes 
and effect measures to allow meaningful 
quantitative synthesis. 

RESULTS

A total of 69 records were initially identified 
through database searches. After removing 
27 duplicates, 42 records were screened. Of 
these, 37 were excluded for being secondary 
studies or not meeting the “Concept” eligibi-
lity criteria (Figure 1). 
Five reports were retrieved and assessed for 
eligibility, with 3 excluded for failing to meet 
the “Concept” criteria, resulting in 2 being 
included from this phase.21,22 
An additional 13 records were identified 
through other sources, including manual 
retrograde reference screening (n = 3) and 
an updated literature search conducted in 
January 2026 (n = 10). Of these, 9 reports were 
excluded failing to meet the “Concept” crite-
ria. The remaining four studies.23-26 were in-
cluded, bringing the total number of studies 
in this review to 6. 
All selected studies had an observational 
design, comprising one case-control study.26 

two prospective cohort studies.22,25 and three 

cross-sectional studies.21,22,25 All available 
evidence comes from human studies con-
ducted in Japan, the United States, and the 
United Kingdom (Tables 1 and Table 2). 

Epidemiological evidence from large-scale 
prospective studies
Jordao et al.,22 examined the association 
between self-reported poor oral health and 
the risk of gastrointestinal cancers, inclu-
ding HCC, using data from the UK Biobank 
cohort. The analysis included 469,628 adults 
aged 40 to 69 years, who were followed from 
2006 until cancer diagnosis, death or the end 
of the study. Oral health status was self-re-
ported based on symptoms such as gingival 
pain, bleeding gums, or tooth mobility. 
Participants were classified as having either 
adequate or poor oral health and comple-
ted standardized questionnaires covering 
demographic, socioeconomic, and lifestyle 
factors, including smoking status, alcohol 
consumption, fruit and vegetable intake, 
educational level, waist circumference, and 
body mass index (BMI).22 Over a mean fo-
llow-up of six years, 4,069 cases of gastroin-
testinal cancer were identified, 13% of which 
occurred among individuals who self-repor-
ted poor oral health at baseline.22 No signifi-
cant association was observed between poor 
oral health and overall gastrointestinal can-
cer risk in the fully adjusted model (Table 2). 
In contrast, site-specific analyses demons-
trated a statistically significant association 
between poor oral health and HCC, along 
with a non-significant trend toward an in-
creased risk of hepatobiliary cancers after 
adjustment for relevant confounders.22 No-
tably, the association between periodontitis 
and HCC remained particularly robust among 
smokers even after multivariable adjustment 
(Table 2). 
Collectively, these findings indicate that whi-
le poor oral health is not associated with 
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PRISMA-ScR flow diagram illustrating the search and selection of the scientific articles included in this 
study
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Author	 Year	 Country	 Journal 	 Study Design

Matsui et al.,24	 2024	 Japan	 Medicina	 Observational, Cross-sectional
Nwizu et al.,25	 2017	 USA	 Cancer Epidemiology, 	 Observational, Prospective cohort.
			   Biomarkers & Prevention
Hernández et al.,26	 2022	 USA	 Cancer Epidemiology, 	 Observational, Case-control.
			   Biomarkers & Prevention
Jordao et al.,22	 2019	 United	 United European	 Observational, Prospective cohort.
		  Kingdom	 Gastroenterology Journal
Takuma et al.,23	 2023	 Japan 	 Applied Sciences	 Observational, Cross-sectional
Tamaki et al.,21	 2011 	 Japan	 Journal of Clinical	 Observational, Cross-sectional.
			   Periodontology

Table 1
Characteristics of the included studies

 Studied included in review
 (n=2+4)
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gastrointestinal cancer risk overall, it may 
represent a site-specific risk factor for HCC, 
especially among individuals with a history 
of tobacco exposure.22

Conversely, another high-volume investi-
gation using the Women’s Health Initiative 
cohort found no association between pe-
riodontitis and HCC.25 In this study, authors 
investigated the relationship between perio-
dontal disease history and incident cancer 
risk among post-menopausal women. The re-
search included 65,869 women, aged 54 to 86 
years, who were followed for a mean period 
of 8.32 years and a maximum of 15 years.25

Periodontitis status was determined through 
self-reported questionnaires, regarding whe-
ther participants had been professionally 
diagnosed by a dentist or dental hygienist. 
Participants completed assessments cove-
ring numerous potential confounders, inclu-
ding age, race, smoking status, BMI, educatio-
nal level, alcohol consumption, and physical 
activity.25

In total, 7,149 cancers were identified during 
the follow-up period. While self-reported 
periodontal disease history was associated 
with a significant 14% increase in the risk of 
overall cancer (Table 2), site-specific analy-
ses showed no significant association be-
tween periodontitis and HCC.25 
These findings remained consistent in analy-
ses focused on never-smoking participants, 
suggesting the null association was not in-
fluenced by residual confounding such as 
tobacco use. Notably, authors mention that 
specific associations with HCC could not be 
further explored or stratified by smoking 
status due to the insufficient number of 
events in this population.25     

Microbial and Immunological findings from 
Cross-sectional and Case-control Studies 
Hernández et al.,26 evaluated the link between 
the oral bacterial microbiome and HCC using 

16S rRNA gene sequencing of saliva samples 
from 180 participants, including 90 HCC ca-
ses and 90 controls. Significant baseline di-
fferences between groups were observed for 
age, ethnicity, education, viral liver disease, 
smoking, diabetes, fatty liver disease, ci-
rrhosis, and NSAID use (p>0.05). Compared 
with controls, individuals with HCC showed 
significantly reduced alpha diversity and a 
distinct beta diversity profile in their oral mi-
crobiome.26 After multivariable adjustment, 
Cyanobacteria emerged as the only taxon 
independently associated with an increased 
risk of HCC (Table 2). Notably, this association 
was observed exclusively among individuals 
with negative histories of established HCC 
risk factors, suggesting oral Cyanobacteria 
may be a novel and independent contributor 
to HCC development.26 
Furthermore, functional metagenomic infe-
rence showed enrichment of genes involved 
in microcystin production (a potent hepato-
toxic tumor promoter), as well as genes typi-
cally involved in response to microcystin ex-
posure (Table 2). Collectively, these findings 
support a potential role for oral Cyanobac-
teria in HCC through toxin-mediated mecha-
nisms.26 
Takuma et al.,23 investigated the role of P. 
gingivalis (P.g) and Fusobacterium nuclea-
tum (F.n) in the progression of non-alcoho-
lic steatohepatitis (NASH)-related HCC. The 
study included analyses of medical and pe-
riodontal records as well as saliva and blood 
samples from 40 patients with NASH and 20 
individuals with NASH-related HCC. 
While clinical periodontal parameters were 
similar between groups, patients with NASH-
HCC were significantly older and exhibited hi-
gher levels of serum endotoxin and total bi-
lirubin levels than those with NASH alone.23 
Microbiological and immunological analyses 
revealed that individuals in the NASH-HCC 
group had significantly lower salivary mi-
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crobial diversity and a higher abundance of 
F.n compared with the NASH group (Table 2). 
Furthermore, serum immunoglobulin G (IgG) 
antibody titers against both P.g and F.n were 
significantly elevated in NASH-HCC patients 
versus controls.21 Notably, the NASH-HCC 
group demonstrated significantly reduced 
salivary IgA concentrations and flow rates, 
which were negatively correlated with the 
abundance of F.n, suggesting a decline in 
salivary immunity may facilitate oral micro-
biome dysbiosis with enrichment of specific 
periodontopathic bacteria, potentially con-
tributing to the pathogenesis of NASH-rela-
ted HCC.23

Matsui et al.,24 investigated the relationship 
between key pathogens involved in the oral-
gut-liver axis and metabolic dysfunction-as-
sociated steatohepatitis-related HCC (MASH-
HCC). The authors compared 41 patients with 
MASH and 19 individuals with MASH-HCC 
using periodontal examinations and 16S rRNA 
gene sequencing of saliva and fecal samples. 
MASH-HCC patients were significantly older 
and presented higher serum endotoxin and 
total bilirubin levels, along with lower sali-
vary immunoglobulin A (IgA) levels than their 
MASH counterparts, suggesting impaired oral 
immune responses (Table 2). 
The MASH-HCC group also exhibited reduced 
microbial diversity and marked dysbiosis in 
both saliva and fecal microbiota, including: 
(i) higher abundance of salivary F.n and lower 
occupancy of Treponema denticola (T.d); and 
(ii) increased occupancy of fecal Fusobacte-
rium and reduced Butyricicoccus, Roseburia 
and Faecalibacterium genera.24 Statistical 
analyses showed that HCC directly influen-
ced the salivary composition of key perio-
dontal pathogens (P.g, Tannerella forsythia, 
F.n and Prevotella intermedia), as well as se-
veral gut genera, suggesting a role for HCC in 
periodontal and gut dysbiosis. 
Notably, salivary P.g was found to directly 

affect fecal Lactobacillus and Streptococcus 
species, which in turn seemed to decrease 
other gut microbes. These findings point to 
a specific oral-gut-liver microbial pathway in 
which MASH-HCC may exacerbate oral and 
gut dysbiosis, impair immune responses, and 
potentially worsen liver damage.24    

Periodontitis, oxidative stress, and HCC Se-
verity
Tamaki et al.,21 investigated the relationship 
between periodontitis, HCC severity, and sys-
temic oxidative stress by comparing serum 
samples from HCC patients with (n=31) and 
without periodontitis (n=33) and 15 healthy 
controls. The Japan Integrated Stage (JIS) 
score was used to assess HCC severity, while 
systemic oxidative stress was measured by 
quantifying serum reactive oxygen metabo-
lites (ROMs), which serve as circulating mar-
kers of reactive oxygen species (ROS). Addi-
tional serum determinations included total 
bilirubin, albumin, and total antioxidant ca-
pacity.21

The study showed that HCC patients with pe-
riodontitis had significantly higher JIS scores 
and total bilirubin levels than periodontally 
healthy HCC individuals, indicating more ad-
vanced liver damage in HCC individuals with 
periodontal inflammation.21 While both HCC 
groups had significantly higher levels of re-
active oxygen metabolites (ROM) levels and 
reduced antioxidant capacity compared to 
healthy controls, the HCC group with perio-
dontitis showed a substantial 25.8% increase 
in ROM levels than the periodontally healthy 
HCC group, suggesting periodontitis may sig-
nificantly contribute to circulating reactive 
oxygen species (ROS) (Table 2). 
Multivariate analysis demonstrated that in-
creased JIS scores were significantly and 
independently associated with periodon-
tal probing depths and tobacco exposure,21  

supporting a prospective role for periodon-
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titis-induced systemic oxidative stress as a 
pathogenic mechanism linking oral inflam-
mation and liver carcinogenesis.

DISCUSSION

This scoping review systemically mapped 
and synthesized the available human evi-
dence regarding the association between 
periodontitis and HCC. Although the current 
evidence is limited and heterogenous, it in-
creasingly supports a potential association 
between these two diseases. 
However, the biological mechanisms un-der-
lying this association remain poorly unders-
tood, highlighting the need for mechanistic 
research to assess causality and clarify the 
exact role of periodontitis in HCC carcino-
genesis.

Epidemiological and Genetic Evidence
At the epidemiological level, existing eviden-
ce is conflicting. Jordao’s study demonstra-
ted that self-reported poor oral health was 
a significant site-specific risk factor for HCC. 
This association persisted after adjusting for 
confounders and was particularly pronoun-
ced among smokers, suggesting that perio-
dontal inflammation may potentially ampli-
fy the carcinogenic effects of other known 
exposures.22  This synergistic pattern, where 
periodontitis adds to systemic disease risk, 
has also been reported in other chronic in-
flammatory conditions and cancers.27,28  
In contrast, Nwizu’s study reported no subs-
tantial association between self-reported 
history of periodontal disease and incident 
HCC among postmenopausal women.25 We 
believe discrepancies between these two 
studies could stem from substantial metho-
dological differences —particularly in parti-
cipant demographics and how periodontitis 
and HCC were defined—, highlighting the 

need for additional rigorous, large-scale 
prospective research using standardized cli-
nical examinations. 
Recent mendelian randomization analyses 
by Sergeeva et al.,29  found no significant 
genetic evidence supporting a causal re-
lationship between periodontitis and HCC 
risk, further fueling the ongoing debate. 
The authors proposed that human gastric 
acidity may act as a natural barrier to bac-
terial translocation from the oral cavity to 
the gut-liver, as experimental data show P.g 
has minimal activity below pH 2.5.29  Howe-
ver, these results should be interpreted with 
caution since: 
(i) the analysis was limited to populations 
of European ancestry, reducing generaliza-
bility; 
and (ii) Mendelian randomization captures 
only inherited genetic risk, overlooking en-
vironmental exposures such as oral or gut 
dysbiosis, which may still contribute to he-
patocarcinogenesis independently of host 
genetic susceptibility. 

Clinical and Experimental Insights into HCC 
progression and severity
Beyond incidence risk, clinical data from Ta-
maki et al.,21  study indicate that periodonti-
tis may exacerbate HCC severity. Periodontal 
probing depth —an indicator for periodontal 
disease severity— was significantly and in-
dependently associated with more advan-
ced JIS scores and higher levels of circula-
ting ROS in HCC patients.21

These findings suggest that while periodon-
titis may not be a universal contributor to 
hepatocarcinogenesis, it may function as a 
site-specific modulator of HCC severity and 
progression in certain vulnerable popula-
tions. 
Animal models further support this biologi-
cal plausibility. Sakamoto et al.,30  found that 
odontogenic infection with P.g in high-fat 

Gallardo V, Gómez C, Rivera D, Kasztan K, Fernández A & Jiménez C. Association of Periodontitis and Hepatocellular Carcinoma: a 
Systematic Exploratory Review. J Oral Res. 2026; 15(1):192-211. https://doi.org/ 10.17126/joralres.2026.016



204

diet mice significantly increased neoplastic 
nodule formation (p=0.0188) and HCC inci-
dence (33.3% versus 8.3%) compared to low-
fat diet controls. Moreover, immunohisto-
chemistry confirmed the translocation of P.g 
from the oral cavity to both non-neoplastic 
and HCC liver tissues, with activation of on-
cogenic signaling pathways.30 

Based on their observations, the authors 
proposed two biological mechanisms linking 
periodontitis and HCC: 
(i) P.g infection activates the integrin β1-
FAK/AKT signaling pathway in hepatocytes, 
promoting cell survival, proliferation and 
migration while inhibiting apoptosis; 
and (ii) P.g infection increases the produc-
tion of TNF-α-mediated inflammation, fos-
tering a ROS-rich microenvironment that 
promotes liver DNA oxidation enabling car-
cinogenesis. This was supported by signifi-
cantly increased levels of 8-OHdG in P.g-in-
fected mice (p=0.0029), a genotoxic marker 
linked to G:C to T:A mutations in cancer.30 

Similarly, the Stelic Animal Model (STAM) by 
Ohno et al.,31  showed that STAM mice with 
induced periodontitis developed more ag-
gressive forms of NASH-related HCC than 
periodontally healthy counterparts, exhibi-
ting more advanced vacuolar degeneration 
and a greater number of visible liver tumors. 
Histological and molecular analyses further 
revealed that the periodontitis group had 
significant upregulation of key inflammatory 
and tumor-promoting mediators, including 
TNA-α and angiopoietin-like protein 2 (AN-
GPTL2).31 
Notably, ANGPTL2 levels were elevated in 
both the periodontal tissues and serum of 
periodontitis-induced mice, supporting the 
notion that inflammatory mediators produ-
ced from chronically inflamed periodontal 
tissues can enter the circulation, reach the 
liver, and contribute to a pro-inflammatory 
microenvironment that promotes HCC.

Microbial dysbiosis and the Oral-Gut-Liver 
Axis
Alterations in the gut microbiome have been 
implicated in the onset of chronic liver di-
seases and HCC, while emerging evidence 
suggests that oral microbiome dysbiosis—
often driven by periodontitis—plays an im-
portant upstream role.31,32  Periodontitis dis-
rupts the healthy oral ecosystem, replacing 
it with pathogenic anaerobes that trigger 
chronic inflammation and periodontal tis-
sue destruction.33  This dysbiosis is coupled 
with ulceration of the gingival epithelium, 
enabling oral bacteria and their byproducts 
to enter the bloodstream and promote sus-
tained low-grade systemic inflammation.6  

Furthermore, oral bacteria can be transfe-
rred enterally through salivary transplants, 
potentially contributing to gut dysbiosis and 
increased intestinal permeability.34 This now 
“leaky gut” enables bacterial translocation 
through the portal vein into the liver, whe-
re they may interact with hepatocytes trig-
gering inflammation.34 Building on this me-
chanistic framework, three of the included 
studies used 16S rRNA sequencing to cha-
racterize microbial shifts in HCC and NASH/
MASH-related HCC patients.23,24,26 All reported 
significantly reduced salivary alpha diversi-
ty and enrichment of specific pathogens in 
HCC and NASH/MASH-related HCC individuals 
compared to controls, including Cyanobac-
teria, F.n, and P.g. Interestingly, oral Cyano-
bacteria emerged as an independent risk 
factor for HCC,23,24,26 a finding most likely due 
to its ability to produce hepatotoxic and tu-
mor-promoting microcystins.35 

Significantly higher F.n levels were found in 
both saliva and feces of NASH/MASH-related 
HCC patients,23,24  supporting its central role 
in the oral-gut-liver axis. Mechanistically, 
F.n may promote carcinogenesis by evading 
immune responses through the recruitment 
of myeloid-derived suppressor cells, which 
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impair the anti-tumor activity of cytotoxic T 
cells and natural killer cells.36  It may further 
facilitate tumor progression and metasta-
sis through its FadA adhesin, activating the 
E-cadherin/β-catenin pathway and upregu-
lating methyltransferase-like protein 3 ME-
TTL3 expression.36 

Beyond the included studies, additional 
mechanistic literature identifies specific 
microRNAs as shared regulatory hubs lin-
king periodontitis and HCC. Fan et al.,19  de-
monstrated through bioinformatic analysis 
and tissue validation that the non-coding 
RNA MIAT acts as a central mediator, as it 
was significantly upregulated in periodonti-
tis and associated with increased HCC cell 
proliferation, invasion, and immune escape. 
This regulatory framework is further cha-
racterized by the IncRNA MIAT/hsa-miR-155-
5p/CTHRC1 and MIAT/hsa-miR-205-5p axes, 
where high expression correlates with poor 
clinical HCC outcomes.19  
Notably, F.n and P.g may influence these pa-
thways favoring pro-carcinogenic environ-
ments. F.n has been shown to upregulate 
methyltransferase-like protein 3 (METTL3), 
interacting with hsa-miR-155-5p networks 
to promote colorectal cancer metastasis,37 

whereas P.g inhibits hsa-miR-205-5p expres-
sion, activating JAK/STAT signaling in pe-
riodontal and liver tissues, facilitating pe-
riodontal inflammation and tumor growth/
invasion.19,38 
In-vitro evidence supports the inflam-
matory and hepatosteatotic potential of 
P.g. Ding et al.,39  demonstrated that human 
HepG2 hepatocytes exposed to P.g-derived 
lipopolysaccharides (LPS) accumulated sig-
nificantly more intracellular lipids than he-
patocytes treated with Escherichia coli–de-
rived LPS or untreated controls.39  
This was accompanied by increased secre-
tion of pro-inflammatory cytokines (interleu-
kin (IL) -1, IL-8, and TNF-a), and enhanced ex-

pression of MyD88 with phosphorylation of 
p65 and JNK. Notably, silencing p65 and JNK 
significantly reduced lipid accumulation,39 

suggesting that P.g-derived LPS may trigger 
steatotic and inflammatory changes in he-
patocytes, mirroring key features of HCC and 
NASH/MASH-related HCC. Clinical relevance 
of elevated salivary P.g in NASH-related HCC 
patients in Takuma et al.,23 research was 
further highlighted by significantly higher 
serum immunoglobulin G (IgG) antibody ti-
ters in this group compared to controls.
Authors found this to be consistent with a 
history of chronic infection, suggesting a 
plausible role of periodontitis as a chronic 
reservoir for the microbial and inflammatory 
drivers of hepatocarcinogenesis.23  Functio-
nal oral-fecal microbial analyses showed 
that salivary P.g altered the gut microbiota 
composition, increasing Lactobacillus and 
Streptococcus abundance.24  
This shift was accompanied by a reduction 
in short-chain fatty acid (SCFA)-producing 
bacteria, including Bacteroides and Butyrici-
coccus.24  This is important as SCFA producers 
have strong anti-inflammatory40 and anti-tu-
morigenic effects,41  and their depletion may 
foster gut-liver axis dysfunction, exacerbating 
liver inflammation and carcinogenesis. 

Oxidative Stress as a Shared Pathogenic 
Mechanism  
Over 90% of HCC arise in the context of 
chronic liver inflammation, a condition cha-
racterized by sustained oxidative stress and 
excessive production of ROS. 
Oxidative stress is a well-established driver 
of carcinogenesis, as it promotes genomic 
instability, induces DNA damage, and acti-
vates pro-tumorigenic signaling pathways.42

 Periodontitis has similarly been shown to 
increase circulating levels of ROS and dis-
rupt the systemic pro-oxidant/antioxidant 
balance. Importantly, periodontal treatment 
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has been associated with significant reduc-
tions in ROM levels and partial restoration 
of redox homeostasis, indicating that oxida-
tive stress generated in periodontal tissues 
may have systemic effects, potentially da-
maging distant organs like the liver.43  
Clinical evidence from Tamaki et al.,21  su-
pports this systemic link, demonstrating 
that HCC patients with periodontitis had sig-
nificantly higher circulating levels of ROMs 
compared to periodontally healthy HCC indi-
viduals (Table 2). Conversely, the authors did 
not find significant intergroup differences in 
serum total antioxidant capacity, suggesting 
that periodontitis may contribute to hepa-
tocarcinogenesis primarily by increasing the 
oxidative insult rather than by compromi-
sing the host’s antioxidant capacity.21 

These results partially align with prior ani-
mal and clinical evidence, in which perio-
dontitis increased the circulatory levels of 
ROS, but also diminished hepatic glutathio-
ne (GSH) and other antioxidant enzymes.44,47 
Notably, some of these animal models have 
shown that periodontitis induces liver stea-
tosis and fibrosis in rats,47,48 which are ha-
llmark features of fatty liver diseases (like 
NASH and MASH) and recognized risk factors 
for HCC.

Study Limitations
The findings of this review should be inter-
preted with caution due to several intrinsic 
limitations. As a scoping review, the goal 
was to map available human evidence on 
the association of periodontitis and HCC ra-
ther than establish definitive causality. Des-
pite a comprehensive search, only a small 
number of studies met the inclusion criteria 
(n=6), and inconsistencies in outcome mea-
sures (e.g., self-reported oral health status 
vs objective clinical periodontal examina-
tions) precluded meta-analysis. 
Methodological and clinical heterogeneity 

across studies further limits generalizabi-
lity, with populations ranging from specific 
demographics such as postmenopausal wo-
men in the United States, to broader adult 
cohorts in the United Kingdom and Japan. 
Microbiological analyses were also limited 
in scope, often focusing on a narrow ran-
ge of oral and fecal bacteria. Finally, in line 
with the JBI’s guidelines, no formal risk-of-
bias assessment was performed. 

CONCLUSIONS

This scoping review examined the available 
human evidence on the association of perio-
dontitis and HCC. While epidemiological data 
on periodontitis as a risk factor for HCC re-
main inconsistent, growing clinical evidence 
suggests it may play a role in HCC progression 
and severity. This association appears bio-
logically plausible and may be mediated by 
shared mechanisms such as chronic inflam-
mation, oxidative stress, microbial dysbiosis, 
and the translocation of oral pathogens via 
the oral-gut-liver axis. Since causality has 
not been established, future research should 
prioritize robust, large-scale longitudinal 
studies and mechanistic investigations to 
further clarify the direction, strength, and 
underlying biological mechanisms driving 
this association.
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