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Abstract

Gut barrier dysfunction can result in the liver being exposed to an elevated level of gut-derived
bacterial products via portal circulation. Growing evidence suggests that systemic exposure to
these bacterial products promotes liver diseases including hepatitis, cirrhosis, and hepatocellular
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carcinoma (HCC). However, prospective studies have not examined the association between
biomarkers of gut barrier dysfunction and HCC risk in a population of hepatitis B or C viral
(HBV/HCV) carriers. We investigated whether prediagnostic, circulating biomarkers of gut barrier
dysfunction were associated with HCC risk, using the Risk Evaluation of Viral Load Elevation
and Associated Liver Disease/Cancer (REVEAL)-HBYV and REVEAL-HCV cohorts from Taiwan.
REVEAL-HBY included 185 cases and 161 matched controls, and REVEAL-HCV 96 cases

and 96 matched controls. The biomarkers quantitated were immunoglobulin A (IgA), 1gG,

and IgM against lipopolysaccharide (LPS) and flagellin, soluble CD14 (an LPS co-receptor),

and LPS-binding protein (LBP). Odds ratios (ORs) and 95% confidence intervals (Cls) for
associations between biomarker levels and HCC were calculated using multivariable-adjusted
logistic regression. A doubling of the circulating levels of anti-flagellin IgA or LBP was associated
with a 76-93% increased risk of HBV-related HCC (OR per one unit change in log, anti-flagellin
IgA=1.76, 95%CIl: 1.06-2.93; OR for LBP=1.93, 95%CI: 1.10-3.38). None of the other markers
were associated with an increased risk of HBV-related or HCV-related HCC. Results were similar
when cases diagnosed in the first five years of follow-up were excluded. Our findings contribute to
understanding the interplay of gut barrier dysfunction and primary liver cancer etiology.
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INTRODUCTION

Primary liver cancer is estimated to be the sixth most frequently occurring cancer in the
world and the third most common cause of cancer mortality.? Globally, hepatocellular
carcinoma (HCC) is the dominant histologic type of liver cancer, accounting for
approximately 80% of all cases. Factors that contribute to chronic hepatic inflammation
are major HCC risk factors, including hepatitis B virus (HBV), hepatitis C virus (HCV),
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aflatoxin contamination of food, excessive alcohol consumption, smoking, obesity, and
diabetes.?

Chronic HBV or HCV infections remain the predominate risk factor for HCC in most of
the world. Efforts are underway in many countries to vaccinate newborns against HBV or
treat chronic HBV and HCV infections.3 However, the World Health Organization estimates
that 296 million people, or approximately 3.8% of world’s population, are chronically
infected with HBV,* while 58 million people (0.8%) are chronically infected with HCV.®
For persons with chronic HBV or HCV, the lifetime risk of developing HCC is between
10% and 25%.5: 7 In 2019, HBV and HCV infections were responsible for 820,000 and
290,000 deaths, respectively, largely due to cirrhosis and HCC.# Thus, HBV, HCV, and
co-factors that further increase risk of HCC in a HBV- or HCV-infected population, such as
gut permeability markers, remain a global concern.

Growing evidence implicates the gut-liver axis (i.e., the bidirectional relationship between
the gut, and its associated microbiota and metabolome, and the liver)8 in the development
of hepatic inflammation, liver disease, cirrhosis, and HCC.%-13 The gut barrier functions to
allow permeability of necessary nutrients to pass from the intestinal lumen into circulation
and to prevent potentially harmful factors, including bacteria and bacterial products, from
moving into circulation.}4 The integrity of the gut barrier can be affected by internal

and external factors, including diet, medications, alcohol, circadian rhythm disruption,
psychological stress, and aging.1> When the gut barrier is damaged, the liver is exposed

to an elevated level of gut-derived bacterial products via the portal circulation,'8 which
provides approximately 70% of the liver’s blood supply.1’

Murine studies have reported that exposure to bacterial products causes inflammation

and oxidative stress in the liver, which can promote HCC.18-20 Similarly, evidence

from human studies suggests that biomarkers of gut barrier dysfunction are positively
associated with systemic inflammation?! and chronic liver diseases.22-28 Two epidemiologic
studies conducted in European populations have reported significant associations between
antibodies to bacterial products, including anti-lipopolysaccharide (LPS) and anti-flagellin,
and risk of liver cancer.2l: 29 Although over 70% of HCC cases arise in Asia, no studies

to date have investigated biomarkers of gut barrier dysfunction in relation to HCC in Asian
populations. Chronic infection with HBV or HCV plays a more dominant role in HCC
etiology in Asian populations than in European populations; thus, extrapolating results from
studies conducted in European populations to Asian populations is not always informative.3
To examine whether biomarkers of gut barrier dysfunction (i.e., anti-LPS, anti-flagellin,
soluble CD14, and LPS-binding protein) are related to risk of HCC in chronic HBV and
HCYV carriers in an Asian population, we analyzed samples from the Risk Evaluation of
Viral Load Elevation and Associated Liver Disease/Cancer (REVEAL)-HBV and -HCV
cohorts of Taiwan.
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METHODS
Study Population.

The REVEAL study was a prospective study designed to examine the characteristics and
risk factors for HCC in the general population.39-32 Briefly, between 1991-1992, 23,820
participants aged 30 to 65 years old from 7 townships in Taiwan were enrolled in the
study. All study participants donated blood samples, completed study questionnaires and
underwent health examinations at study enrollment to confirm that they did not have
prevalent HCC. Of the study enrollees, 4,155 (17.4%) were hepatitis B virus surface
antigen (HBsAQ) seropositive and were followed as part of the REVEAL-HBV studly.
Similarly, 1,095 (4.6%) persons were anti-HCV seropositive and were followed as part of
the REVEAL-HCV study. The seroprevalence of HBV and HCV in parent REVEAL study
was similar to the seroprevalence in the general population (12-15% for HBV prior to
universal vaccination33 and 1.8-5.5% for HC\V34). Regular examinations consisting of blood
collection and abdominal ultrasonography occurred every 6-12 months through December
31, 2008.32 35, 36

Case Ascertainment.

HCC diagnosis was determined by transabdominal ultrasound and a-fetoprotein testing or
by data linkage to the Taiwan National Cancer Registry or the National Death Certification
profiles.39: 36 The mean duration of follow-up to HCC diagnosis was 13.0 years for the
REVEAL-HBYV cohort and 14.9 years for the REVEAL-HCV cohort.

For the current investigation, 185 participants of the REVEAL-HBYV cohort who developed
HCC were frequency matched to 161 controls from REVEAL-HBV cohort based on

age (5-year categories), sex, and HBV DNA copy number at baseline (<10,000, 10,000-
<1,000,000, =1,000,000 copies/mL). Similarly, 96 participants of the REVEAL-HCV cohort
who developed HCC were individually matched to 96 controls from REVEAL-HCV cohort
on age (5-year categories), sex, cirrhosis, and HCV-RNA seropositivity status (undetectable,
<25 IU/mL and detectable, =25 1U/mL, matched to a control with the closest HCV RNA
status).

Laboratory Methods.

Serum samples were stored at =70°C at the Academia Sinica in Taipei, Taiwan prior to being
shipped to the U.S. for analysis. The U.S. laboratories were blinded to sample type (i.e.,
HCC or control sample). In addition to each laboratory’s internal quality control samples,
we included one duplicate of a control in each batch to examine within-batch variation. Each
duplicate was compared to its matched control to calculate coefficients of variation (CVs).

Immunoglobulin A (IgA), 1gG, and IgM against LPS and flagellin were measured via
enzyme-linked immunosorbent assay (ELISA) as previously described.37 Briefly, Costar™
3590 ELISA plates were coated overnight with laboratory-made flagellin or purified
Escherichia coli LPS, and plasma samples diluted 1:200 were applied to the coated wells.
After incubation and washing, wells were incubated either with horseradish peroxidase-
conjugated anti-IgM, anti-IgA, or anti-1gG. Quantitation of total immunoglobulins was
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performed using the colorimetric peroxidase substrate tetramethylbenzidine. Optical
densities were read at 450 nm and 540 nm and were reported as corrected values by
subtracting background and by normalizing to each plate’s control sample. Within-batch
CVs were low, ranging from 1.9% to 6.1%.

LBP was measured using R&D Systems DuoSet ELISA kit (Cat# DY870-05 and DY008).
Briefly, 96-well microplates were coated overnight with human LBP capture antibody,

and plasma samples diluted 1:1000 were applied to the coated wells. After incubation

and washing, wells were incubated with streptavidin conjugated to horseradish peroxidase.
sCD14 was measured using R&D Systems Quantikine kit (Cat# CD140). Briefly, this

kit uses a 96-well polystyrene microplate coated with a monoclonal antibody specific for
human CD14. Plasma samples were diluted 1:1000 in R&D Systems recommended diluent
and applied to the coated wells. After incubation and washing, wells were incubated with
polyclonal antibody specific for human CD14 conjugated to horseradish peroxidase with
preservatives. For both LBP and sCD14, optical densities were read at 450 nm and 540 nm.
All samples were tested in duplicate and averaged. The final concentration in ug/mL (LBP)
or pg/mL (sCD14) was generated using a standard curve. The overall within-batch CVs were
11.4% for LBP and 13.5% for sCD14.

Statistical Analysis.

Participant characteristics were examined by calculating frequencies (for categorical
variables) or means and standard deviations (for continuous variables and biomarkers

of gut barrier dysfunction). Spearman correlation coefficients were examined for each
gut barrier dysfunction biomarker pair, in addition to ALT (Supplemental Table S1).
Missing data for the following covariates were imputed using the PROC MI procedure

in SAS, version 9.4 (SAS Institute Inc., Cary, NC): body mass index (BMI; n=3), alcohol
consumption (n=3), and smoking status (n=3). To further examine and adjust for HBV-
and HCV-specific markers, imputation was also performed in the REVEAL-HBYV cohort
for hepatitis B e-antigen (HBeAg) serostatus (n=3), a marker of active viral replication.
In the REVEAL-HCV cohort, imputation was also performed for HCV genotype (n=35),
as genotype 1 is associated with a higher likelihood of developing HCC than are other
HCV genotypes. For all imputation models, we used case status, age, and education as
predictors. Biomarkers were categorized into quartiles, based on the distribution in the
control participants. Multivariable-adjusted unconditional (REVEAL-HBYV) and conditional
(REVEAL-HCV) logistic regression models were used to estimate odds ratios (ORs) and
95% confidence intervals (Cls) for the associations between biomarkers of gut barrier
dysfunction and HCC risk. Tests of linear trend were performed using quartile-specific
biomarker concentration level medians.

All potential covariates were obtained from study baseline. Covariates included a priori were
alcohol consumption (defined as having consumed alcohol at least 4 days per week for

at least 1 year;38 39 no, yes), education (illiterate, elementary school, junior high school,
high school, college or more), diabetes (yes/no), alanine transaminase (ALT, continuous
U/L), and matching factors. Additional potential covariates were examined for evidence of
confounding by determining 1) whether each covariate was associated with the exposure
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in the population of interest (i.e., among the study controls) and 2) whether each covariate
was associated with HCC among unexposed individuals (i.e., participants in the 15t quartile
of each biomarker). Covariates that met both criteria were removed one at a time from

the fully-adjusted model to determine whether the covariate altered the log(OR) by at

least 10%.40 Based on this criteria, covariates in the final models included age (5-year
categories), sex, smoking status (no, yes), alcohol consumption (no, yes), BMI (continuous),
ALT (continuous), baseline cirrhosis status (no, yes), diabetes (no, yes), and education for
both cohorts. Additionally, the REVEAL-HBYV cohort models included HBV DNA copy
number at baseline and HBeAg serostatus (negative, positive). The REVEAL-HCV cohort
models also included HCV-RNA seropositive status and HCV genotype (1, non-1). Effect
measure modification by sex, smoking status, diabetes, and BMI was assessed. Departures
from the null were examined using likelihood ratio tests to compare regression models with
and without a multiplicative interaction term.*0 There was no evidence of effect measure
modification (Ps=0.05).

Sensitivity analyses included a lag analysis, where any case diagnosed with HCC within

5 years of cohort baseline was excluded from the analysis, and a complete case analysis,
where study participants with missing covariate data were not retained in the models. All
tests for significance were 2-sided. Analyses were conducted using SAS, version 9.4 (SAS
Institute, Cary, NC).

In both the REVEAL-HBV and REVEAL-HCV cohorts, HCC cases had higher BMls,
higher ALT levels, and were less educated than the controls (Table 1). HCC cases in

the REVEAL-HBYV cohort were also more likely to have cirrhosis at baseline than were
their controls, while HCC cases in the REVEAL-HCV cohort were more likely to be
smokers than were their controls. Examining the biomarkers of gut barrier dysfunction
pairings and ALT, correlations were noted between IgA and IgG against LPS and flagellin
(e.g., anti-flagellin IgA and anti-LPS IgA, p=0.803, Supplemental Table S1) and ALT with
sCD14 and LBP (p=0.165 and p=0.159, respectively). Circulating levels were higher in the
REVEAL-HBYV cases, compared to controls, for all biomarkers of gut barrier dysfunction
examined (Table 2). However, the difference in levels of anti-flagellin IgM, anti-LPS IgG,
and anti-LPS IgM between cases and controls were non-significant. Circulating levels of gut
barrier dysfunction biomarkers were similar between the REVEAL-HCV cases and controls
with the exception of sSCD14, which was higher in controls than cases.

A doubling of the circulating levels of anti-flagellin IgA or LBP was associated with

a significantly increased risk of HCC in the REVEAL-HBYV cohort (OR per one unit
change in log, anti-flagellin IgA=1.76, 95% CI: 1.06—2.93 and OR for LBP=1.93, 95%

Cl: 1.10-3.38, Table 3). Similar associations were seen when examining the fourth quartile
compared to the first for anti-flagellin IgA or LBP (OR for anti-flagellin IgA=2.02, 95%
Cl: 0.92-4.43, ptreng=0.13, and OR for LBP=2.17, 95% CI: 1.01-4.65, pteng=0.027). Little
to no association was noted for sCD14 or other antibodies against LPS and flagellin. There
was little to no association with HCC for antibodies against LPS and flagellin in the
REVEAL-HCV cohort. However, the sSCD14 was inversely associated with HCC (OR per
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one unit change in log, sCD14=0.31, 95% CI: 0.13-0.74). There was no evidence of effect
measure modification by sex, smoking status, diabetes, and BMI in the REVEAL-HBYV or
REVEAL-HCV cohort (Ps=0.05).

In the lag analysis, cases diagnosed in the first five years of follow-up were excluded (10
HCC cases in the REVEAL-HBV and 3 HCC cases in the REVEAL-HCV). The results
were similar (Supplemental Table S2). When we conducted a complete case analysis, the
results were not altered (data not shown).

DISCUSSION

In this study leveraging data from two well-characterized prospective cohort studies, we
observed significant associations between biomarkers of gut barrier dysfunction and HBV-
related HCC risk. We observed that a doubling of the circulating levels of anti-flagellin IgA
or LBP was associated with a 76-93% increased risk of HBV-related HCC. None of the
biomarkers of gut barrier dysfunction were associated with an increased risk of HCV-related
HCC, but sCD14 was inversely associated.

This is the first study to examine the association between prediagnostic levels of gut barrier
dysfunction biomarkers and HCC risk in populations of HBV and HCV carriers. Two

prior prospective epidemiologic studies have examined the association between biomarkers
of gut barrier dysfunction and HCC risk, but both studies were conducted in European
populations.?1: 29 As European population have lower prevalences of HBV4! and HCV42,
the prior studies were unable to examine associations stratified by HBV or HCV status. The
European Prospective Investigation into Cancer and Nutrition is a multicenter prospective
cohort study, which enrolled approximately 520,000 men and women aged 20-85 years
between 1992 and 2000 from 10 European countries.2! From participants with blood
samples available, there were 139 incident cases of HCC (16.8% were HBsSAg seropositive,
21.8% were anti-HCV seropositive) which were matched to 139 controls (2.0% were
HBsAg seropositive, 2.0% were anti-HCV seropositive). Anti-LPS and anti-flagellin IgA
and IgG levels were quantitated using ELISA. In comparing the highest versus the lowest
quartile, anti-flagellin IgA and 1gG and anti-LPS IgA and 1gG, were associated with 4

to 8-fold increased risk of HCC in this European population.?! The Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study was a randomized controlled trial to test the effects
of a-tocopherol and p-carotene on lung cancer incidence. The study enrolled 29,133 men
aged 50-69 years, who smoked at least five cigarettes per day, between 1985 and 1988

in Finland.2® All participants provided a blood sample at baseline. The nested case-control
study included 224 incident cases of primary liver cancer (<2.0% were HBsAg seropositive,
4.5% were anti-HCV seropositive) which were matched to 224 controls (<1.0% were
HBsAg seropositive, 0.4% were anti-HCV seropositive). LBP, sCD14, and anti-LPS and
anti-flagellin 1gA, 1gG, and IgM levels were quantitated using ELISA. In comparing the
highest versus the lowest quartile, anti-flagellin IgA and anti-LPS IgA were associated
with a 2.5-fold increased risk of liver cancer.2? Similar to the prior European prospective
studies, 21 29 we found that anti-flagellin IgA was associated with a 76% increased risk of
HBV-related HCC, but there was no association with HCV-related liver cancer. We also
found that LBP was associated with a 93% increased risk of HBV-related HCC, which we
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did not find in our prior study of Finnish male smokers.2® Herein, we noted that LBP had
a significant correlation with ALT levels, suggesting that the association between LBP and
HBV-related HCC may be through inflammation pathways.

In contrast to the association between LBP and risk of HBV-related HCC, there was little

to no association for antibodies against LPS and HBV-related HCC. LPS is challenging to
measure directly due to its short half-life and high susceptibility to interfering substances.*3
Thus, LBP and anti-LPS serve as proxy measures of LPS. LPS binds to LPB, forming the
LPS-LBP complex.** The LPS-LBP complex subsequently binds to CD14, which results in
production of cytokines and other pro-inflammatory mediators.4> Therefore, higher levels
of LBP may indicate more systemic inflammation, whereas higher anti-LPS levels may
indicate a more robust immune system that has neutralized LPS. Further, we noted a very
weak correlation between LBP and anti-LPS (p<0.2). IgA antibody against flagellin was
associated with an increased risk of HBV-related HCC, while anti-flagellin 19gG and IgM
were not. Reasons for the lack of an association with anti-flagellin 1gG and IgM are unclear.
However, IgA is the primary antibody that plays a role in the immune functioning of mucous
membranes (e.g., the gut barrier) and protects mucosal surfaces from toxins and bacteria
through neutralization or prevention of binding to the mucosal surface.*6

Although the current study was the first to examine the relationship between biomarkers of
gut barrier dysfunction and HCC in an Asian population prospectively, several studies from
China previously reported results from retrospective studies. The first study recruited 433
male and female patients, aged 1776 years, with a chronic HBV infection from the First
Affiliated Hospital of Xi’an Jiaotong University.? Patients with HCV were excluded. The
study included 44 cases of asymptomatic HBV, 72 chronic hepatitis cases, 87 liver cirrhosis
cases, and 83 HCC cases. The study also included 59 controls that spontaneously recovered
from HBV infection and 89 healthy controls. The study reported that serum levels of sCD14
were significantly elevated in HBV-related HCC.#” Another case-control study from East,
Central, and Northwest China collected fecal samples from 190 men and women (average
age 48.7 years) to examine the gut microbiome.#8 The study included 75 controls, 40 cases
of liver cirrhosis cases, and 75 early HCC cases. Information on HBV and HCV infection
status was not provided. The study found that LPS-producing genera (i.e., K/ebsiellaand
Haemophilus) were differentially expressed in early HCC compared to controls.*8

Mechanisms underlying the association between systemic exposure to bacteria or bacterial
products and liver cancer risk are not fully elucidated. However, elevated systemic exposure
to bacterial products could be due to gut dysbiosis (i.e., an imbalance in the gut microbiota,
the community of microorganisms, including bacteria, fungi, viruses, and archaea that reside
in the gut) and gut barrier damage allowing bacterial products into circulation, reaching

the liver via the portal vein and eliciting an inflammatory response.® LPS, also known

as endotoxin, is an integral component of the outer membrane of Gram-negative bacteria,
contributing to the structural integrity and protecting the bacteria from chemical attack. LPS
binds with LBP (an acute-phase protein produced by hepatocytes in response to LPS) and
sCD14 (a co-receptor for LPS) to trigger an inflammatory response and activate Toll-like
receptor 4 (TLR-4), which contributes to the promotion of HCC in chronically injured
murine livers by increasing proliferative and anti-apoptotic signals.1 49-51 Flagellin is the
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structural component of bacterial flagella (i.e., the tail-like appendage that protrudes from
bacteria, serving locomotion and sensory functions) and is secreted by pathogenic and
commensal bacteria. Administration of high-doses of flagellin to mice leads liver injury via
over-activation of TLR-5 signaling, which causes inflammation, neutrophil accumulation,
and oxidative stress in the liver.1®

Cross-sectional studies have indicated that carriers of chronic HBV?24 47:52 and chronic
HCV24. 53,54 have a higher prevalence and severity of biomarkers of gut barrier dysfunction,
including LPS and sCD14, than non-carriers. As chronic HBV progresses, studies have
reported that LPS levels and LPS-producing bacterial abundance increase.24 55 Conversely,
in HCV carriers, no differences have been noted between levels of LPS in individuals with
early fibrosis versus cirrhosis.>3 56 This suggests a possible role of gut barrier dysfunction
in HBV, but not HCV, infection and progression. In this study, with the exception of sCD14,
the levels of gut barrier dysfunction biomarkers are similar between HCV-infected HCC
cases and controls, whereas HBV-infected HCC cases have elevated levels of all gut barrier
dysfunction biomarkers compared to controls. Reasons for the inverse association between
sCD14 and HCV-related HCC are unclear, but sSCD14 has previously been shown to be
down-regulated in more advanced liver disease.>” Compared to serum levels of gut barrier
dysfunction biomarkers in controls from our prior study of Finnish male smokers who had a
low seroprevalence of HBV or HCV (e.g., mean LBP=0.74 pg/mL), the plasma levels of gut
barrier dysfunction biomarkers in controls with HBV or HCV from REVEAL-HBV (e.g.,
mean LBP=4.00 pg/mL) and REVEAL-HCV (e.g., mean LBP=5.24 ug/mL) are higher.2%

The development of chronic HBV is age-dependent: approximately 95% of acute HBV
infections in adults are spontaneously cleared, whereas approximately 90% of HBV-
exposed neonates develop chronic HBV infection.58 Murine studies have demonstrated

that the age-dependent spontaneous clearance of acute HBV infection is reliant on an
established microbiota.>% 60 Conversely, HCV infection is usually acquired in adulthood,
with approximately 80% of HCV-exposed adults developing chronic HCV infection.® Thus,
our findings of biomarkers of gut barrier dysfunction increasing risk of HBV-related HCC,
but not HCV-related HCC, further implicates the microbiota and gut barrier dysfunction in
HBV-related HCC.

This study has notable strengths. The REVEAL-HBV and REVEAL-HCV studies are
long-standing, population-based cohorts that have been well-characterized for liver disease,
including information on the number of HBV DNA copies, HBeAg status, HCV genotype,
and cirrhosis. In addition, all serum samples were collected pre-diagnostically, which
ensures that the observed associations are not an artifact of the carcinogenic process.
Further, we performed a lag analysis, excluding cases diagnosed in the first five years of
follow-up to ensure temporality, and report no differences in the results.

A limitation of this study is generalizability of the population, as the REVEAL cohorts
are limited to persons who are chronic viral carriers. However, this study is the first to
examine biomarkers of gut barrier dysfunction in persons chronically infection with HBV
or HCV. In addition, the cohorts were started prior to widespread use of nucleos(t)ide
analogues as treatment for HBV infection or direct-acting antivirals as treatment for HCV
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infection. Thus, it is unclear how these results may translate to populations that are

not virally infected or populations where HBV and HCV treatment are more common.
Additionally, there was only a single measurement of gut barrier dysfunction biomarkers at
study baseline, and the temporal stability of these markers is not well established. However,
a previous study demonstrated that LBP is moderately stable up to nine months (intraclass
correlation coefficient [ICC]=0.52).61 Another study demonstrated that SCD14 is moderately
stable for more than 15 years (ICC=0.60).52 Thus, these studies suggests that gut barrier
dysfunction biomarkers are relatively stable, making a one-time blood sample suitable

to investigate associations with cancer. Finally, the biomarkers of gut barrier dysfunction
cannot distinguish between systemic exposure to bacteria versus bacterial products.

In conclusion, our study found that anti-flagellin IgA and LBP were associated with an
increased risk of HBV-related HCC. None of the biomarkers of gut barrier dysfunction were
associated with an increased risk of HCV-related HCC, but sSCD14 was inversely associated.
This study clarifies the role of gut barrier dysfunction in relationship to risk of HCC in
chronic HBV and HCV carriers, which is critical as HBV and HCV remain two major risk
factors for HCC.
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Novelty/Impact:

Over 70% of the global burden of hepatocellular carcinoma (HCC) arises in Asia.
Chronic infection with hepatitis B or C virus (HBV/HCV) plays a more dominant role
in HCC etiology in Asian populations than in European; thus, extrapolating results from
prior studies conducted in European populations is not always informative. This study
suggests that anti-flagellin IgA and lipopolysaccharide binding protein are associated
with an increased HCC risk in individuals with a chronic HBV.
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Table 1.
Baseline characteristics of included participants from the REVEAL-HBV and REVEAL-HCYV studies.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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REVEAL-HBV REVEAL-HCV

Covariate Controls(N=161) Cases(N=185) P-value 1 controls (N=96) Cases(N=96) P-value 1
Mean age (SD), years 50.7 (9.4) 51.3(9.0) 031 545 (7.3) 54.4 (6.8) 082
Age, No. (%)

30 — <40 24 (14.9) 24 (13.0) 4(4.2) 4(4.2)

40 - <50 53 (32.9) 58 (31.4) 14 (14.6) 14 (14.6)

50 — <60 51 (31.7) 68 (36.8) 54 (56.2) 54 (56.2)

60+ 33 (20.5) 35 (18.9) 0.79 24 (25.0) 24 (25.0) 10
Sex, No. (%)

Male 130 (80.8) 150 (81.1) 56 (58.3) 56 (58.3)

Female 31(19.3) 35 (18.9) 0.94 40 (41.7) 40 (41.7) 10
Body massindex, No. (%)

<18.5, kg/m? 5(3.1) 7(3.8) 0(0.0) 1(1.0)

18.5 — <23, kg/m? 68 (42.2) 52 (28.1) 45 (46.9) 28(29.2)

23-<25 42 (26.1) 45 (24.3) 19 (19.8) 19 (19.8)

225, kg/m? 46 (28.6) 81 (43.8) 0.014 32(33.3) 48 (50.0) 0.043
Alcohol consumption, No. (%)

No 135 (83.9) 148 (80.0) 86 (89.6) 87 (90.6)

Yes 26 (16.1) 37 (20.0) 035 10 (10.4) 9(9.4) 0.81
Smoking status, No. (%)

No 104 (64.6) 113 (61.1) 67 (69.8) 55 (57.3)

Yes 57 (35.4) 72 (38.9) 0.50 29 (30.2) 41 (42.7) 0.072
Education, No. (%)

Illiterate 20 (12.4) 24 (13.0) 35 (36.4) 39 (40.6)

Elementary school 69 (42.9) 98 (53.0) 45 (46.9) 37 (38.6)

Junior high school 19 (11.8) 25 (13.5) 4(4.2) 13 (13.5)

High school 32 (19.9) 25 (13.5) 7(7.3) 5(5.2)

College or more 21 (13.0) 13(7.0) 012 5(5.2) 2(2.1) 012
ALT, No. (%)

<15 (u/L) 96 (59.6) 68 (36.8) 31(32.3) 20 (20.8)

15 — <45 (u/L) 57 (35.4) 89 (48.1) 47 (48.9) 41 (42.7)

245 (u/L) 8(5.0) 28 (15.1) <0.0001 18 (18.8) 35 (36.5) 0.016
Liver cirrhosisat basdline, No. (%)

No 161 (100.0) 158 (85.4) 93 (96.9) 93 (96.9)

Yes 0(0.0) 27 (14.6) <0.0001 3(3.1) 3(3.1) 10
Diabetes at baseline, No. (%)

No 160 (99.4) 175 (94.6) 91 (94.8) 92 (95.8)

Yes 1(0.6) 10 (5.4) 0.011 5(5.2) 4(4.2) 073
HBeAg

Int J Cancer. Author manuscript; available in PMC 2024 July 01.



Petrick et al. Page 17

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

REVEAL-HBV REVEAL-HCV
Covariate Controls(N=161) Cases(N=185) P-value 1 controls (N=96) Cases(N=96) P-value 1
Negative 142 (88.2) 107 (57.8)
Positive 19 (11.8) 78 (42.2) <0.0001
HCV genotype
Genotype 1 45 (46.9) 66 (68.8)
Genotype non-1 51 (53.1) 30 (31.2) 0.0021

Abbreviations: HBV=hepatitis B virus, HCV=hepatitis C virus, SD=standard deviation, kg=kilogram.

P-values calculated using the chi square test (categorical variables) or the Wilcoxon test (continuous variables).
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Table 2.
Baseline mean concentration levels of bacterial translocation markers among cases and controls of the
REVEAL-HBYV and REVEAL-HCYV cohorts.
REVEAL-HBV REVEAL-HCV
ControlsMean (SD) CasesMean (SD) P-value 1 controlsMean (SD) CasesMean (SD) P-value 1

anti-Flagellin 1gA 2.74 (1.02) 3.03 (1.02) 0.0093 2.76 (1.04) 2.73(1.02) 0.83
anti-Flagellin 19G 2.88 (0.84) 3.07 (0.89) 0.042 3.04 (0.94) 3.05 (0.93) 0.91
anti-Flagellin IgM 2.56 (0.87) 2.64 (0.81) 0.38 2.60 (0.85) 2.68 (0.91) 057
anti-LPS IgA 2.94 (1.41) 3.28 (1.52) 0.034 3.14 (1.45) 2.99 (1.49) 0.49
anti-LPS 1gG 2.94 (0.84) 3.11(0.88) 0.062 3.02 (0.82) 3.11 (0.86) 045
anti-LPS IgM 2.24 (0.68) 2.32 (0.58) 022 2.33(0.72) 2.34 (0.71) 0.91
sCD14 (pg/mL) 1.08 (0.30) 1.17 (0.37) 0013 1.31(0.42) 1.15 (0.32) 0.0030
LPS Binding Protein 4.00 (1.42) 457 (1.73) 0.0010 5.24 (2.09) 4.79 (1.58) 0.093

(ng/mL)

1 . . .
P-values calculated using the analysis of variance F-test.
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Table 3.

Multivariate adjusted odds ratios (ORs) and 95% confidence intervals (Cls) for the associations between
markers of gut bacterial translocation and hepatocellular carcinoma among participants of the REVEAL-HBV
and REVEAL-HCYV cohorts.

REVEAL-HBV REVEAL-HCV

Controls Cases ORl 95% CI Controls Cases QR2  95% ClI

anti-Flagellin IgA

Quartile 1 41 31 1.00 (referent) 24 30 1.00 (referent)
Quartile 2 41 39 157 (0.70, 3.55) 24 23 0.70  (0.26, 1.90)
Quartile 3 40 54 137 (0.62,3.04) 24 16 057 (0.20, 1.64)
Quartile 4 39 61 202 (0.92,4.43) 24 27 114 (0.46,2.83)
P-value for trend® 013 0.94
Continuous (log,) 161 185 176  (1.06,2.93) % 9% 116 (0.63,212)
anti-Flagellin 1gG

Quartile 1 42 33 1.00 (referent) 24 26 1.00 (referent)
Quartile 2 40 40 130 (0.58,2.90) 24 17 054 (0.16,1.75)
Quartile 3 39 49 166 (0.75,3.67) 24 28 132 (0.51,3.40)
Quartile 4 40 63 178 (0.82,3.86) 24 25  1.00 (0.37,2.70)
P-value for trend® 015 0.69
Continuous (log,) 161 185 161 (0.83,3.15) 96 9%  1.08 (0.47,2.50)

anti-Flagellin IgM

Quartile 1 40 37 1.00 (referent) 24 24 1.00 (referent)
Quartile 2 40 49 113 (0.53,2.42) 24 25  1.05 (0.38,2.88)
Quartile 3 1 53 093 (0.44,2.00) 24 18 052 (0.18,1.57)
Quartile 4 40 46 088 (0.41,1.90) 24 29 098 (0.37,259)
P-value for trend® 0.63 092
Continuous (logy) 161 185 103 (0.62,1.70) 96 96 105 (0.49,2.24)
anti-LPSIgA
Quartile 1 40 21 1.00 (referent) 24 30 1.00 (referent)
Quartile 2 40 57 283 (1.21,6.64) 24 25 0.71  (0.30, 1.70)
Quartile 3 41 43 163 (0.69,3.87) 24 18 047 (0.18,1.26)
Quartile 4 40 64 233 (1.01,541) 24 23 097 (0.37,259)
P-value for trend® 047 0.79
Continuous (log,) 161 185  1.26  (0.84,1.90) % 9% 085 (0.48,1.48)
anti-LPS1gG
Quartile 1 41 34 1.00 (referent) 24 22 1.00 (referent)
Quartile 2 1 36 073 (0.32,1.66) 24 23 092 (0.32,263)
Quartile 3 39 59 164 (0.75,3.57) 24 24 140 (0.47,4.19)
Quartile 4 40 56  1.03 (0.46,2.27) 24 27 158 (0.53,4.75)
P-value for trend® 043 0.30
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REVEAL-HBV REVEAL-HCV
Controls Cases OR1 95% CI Controls Cases ORZ2 95% CI
Continuous (logy) 161 185 132 (0.66, 2.61) 96 96 1.78 (0.59, 5.31)
anti-LPSIgM
Quartile 1 41 35 1.00 (referent) 24 22 1.00 (referent)
Quartile 2 39 46 128 (0.59,2.78) 24 31 142 (0.58,3.49)
Quartile 3 41 44 093 (0.42,2.05) 24 17 069 (0.26,1.82)
Quartile 4 40 60 150 (0.70, 3.20) 24 26 1.00 (0.38,2.67)
P-value for trend® 047 062
Continuous (logy) 161 185 127  (0.70,2.30) 96 9% 091 (0.46,1.79)
sCDh14
Quartile 1 40 35 1.00 (referent) 24 37 1.00 (referent)
Quartile 2 41 39 136 (0.61, 3.07) 24 25 0.48 (0.17,1.32)
Quartile 3 40 47 118 (0.53,2.64) 24 16 037 (0.14,0.99)
Quartile 4 40 64 168 (0.77,3.68) 24 18 045 (0.16,1.24)
P-value for trend® 0.24 0.049
Continuous (log,) 161 185 133  (0.70,2.53) 96 9% 031 (0.13,0.74)
LPSBinding Protein
Quartile 1 42 31 1.00 (referent) 24 39 1.00 (referent)
Quartile 2 39 29 1.03 (0.45,2.38) 24 12 0.08 (0.02 0.35)
Quartile 3 40 50 133 (0.62, 2.86) 24 32 0.83  (0.33,2.08)
Quartile 4 40 75 217 (1.01,4.65) 24 13 013 (0.04,0.46)
P-value for trend® 0.0z27 0.086
Continuous (log,) 161 185 193 (1.10,3.38) 96 9% 056 (0.30,1.07)
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Unconditional logistic regression adjusted for age, sex, HBV DNA copies at baseline, smoking status, alcohol consumption, BMI, education
status, baseline cirrhosis status, baseline diabetes status, ALT, and HbeAG.

Conditional logistic regression adjusted for matching factors (age, sex, and HCV-RNA-positive rate), smoking status, alcohol consumption, BMI,

education status, baseline cirrhosis status, baseline diabetes status, ALT, and HCV genotype.

3 .
P-value for trend calculated using the Wald test.
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