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Abstract

Background $ Aims: Etiological risk factors for cirrhosis have changed in the last decade. It 

remains unclear to what extent these trends in cirrhosis risk factors have changed hepatocellular 

cancer (HCC) risk.

Approach & Results: We used data from two contemporary, prospective multiethnic cohorts of 

patients with cirrhosis: the Texas Hepatocellular Carcinoma Consortium Cohort and the Houston 

Veterans Administration Cirrhosis Surveillance Cohort. Patients with cirrhosis were enrolled from 

seven U.S. centers and followed until HCC diagnosis, transplant, death or June 30, 2021. We 

calculated the annual incidence rates for HCC and examined the effects of etiology, demographic, 

clinical, and lifestyle factors on the risk of HCC. We included 2733 patients with cirrhosis (mean 

age 60.1 years, 31.3% women). At enrollment, 19.0% had active HCV, 23.3% cured HCV, 16.1% 

had alcoholic liver disease, and 30.1% had nonalcoholic fatty liver disease (NAFLD). During 

7,406 person-years follow up, 135 patients developed HCC at an annual incidence rate of 1.82% 

(95% confidence interval [CI]=1.51–2.13). The annual HCC incidence rate was 1.71% in patients 
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with cured HCV, 1.32% in patients with alcoholic liver disease, and 1.24% in patients with 

NAFLD cirrhosis. Compared to patients with NAFLD, the risk of progression to HCC was 2-fold 

higher in patients with cured HCV (hazard ratio [HR]=2.04, 95% CI, 1.24–3.35). Current smoking 

(HR=1.63, 95%CI, 1.01–2.63) and overweight/obesity (HR=1.79, 95% CI 1.08, 2.95) were also 

associated with HCC risk.

Conclusions.—HCC incidence among patients with cirrhosis was lower than previously 

reported. HCC risk was variable across etiologies, with higher risk in patients with HCV cirrhosis 

and lower in those with NAFLD cirrhosis. Current smoking and overweight/obesity increased 

HCC risk across etiologies.
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BACKGROUND

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality 

worldwide and has one of the fastest increasing cancer-related mortality rates in the 

U.S.1,2 Most cases of HCC arise in the background of cirrhosis. Underlying etiological risk 

factors for cirrhosis have dramatically changed in the U.S. in the last decade.3–5 Metabolic 

dysfunction traits (e.g., obesity, diabetes) and the associated non-alcoholic fatty liver disease 

(NAFLD) have become the dominant cirrhosis risk factors whereas active untreated hepatitis 

C virus (HCV) and hepatitis B virus (HBV) infection have decreased in prevalence.6 In 

contrast, the rising rates of alcohol use disorders in the U.S. have resulted in an increase 

in alcoholic liver disease and alcoholic cirrhosis.2 These trends in cirrhosis risk factors are 

expected to translate into parallel shifts in the overall HCC risk in patients with cirrhosis, but 

data from well conducted prospective studies are lacking.

There is a knowledge gap about the absolute risk of HCC among newer cohorts of 

patients with cirrhosis from different etiological risk factors. Although cirrhosis is the main 
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precursor lesion in HCC, most patients with cirrhosis do not progress to HCC. Predicting 

progression by better understanding risk factors would allow clinicians to more effectively 

plan secondary prevention efforts and HCC surveillance in cirrhosis. Most previous studies 

that examined HCC risk and risk factors in patients with cirrhosis were retrospective in 

design with incomplete ascertainment of important exposures and outcomes and included 

patients with a single etiological risk factor.7–10

We combined and harmonized data from two large prospective, contemporary multiethnic 

cohorts of patients with cirrhosis from multiple etiologies who were seen in routine clinical 

practice across seven centers in the U.S. to examine the risk of HCC overall and in key 

subgroups. We also examined the effects of etiology, demographic, clinical, and lifestyle 

factors on the risk of HCC.

METHODS

Study Cohorts

We used data from two prospective cohort studies of patients with cirrhosis: the Texas 

Hepatocellular Carcinoma Consortium Cohort (THCCC)6,11 and the Houston Veterans 

Administration Cirrhosis Surveillance Cohort (HVASC).

In the THCCC, we prospectively recruited patients with cirrhosis from seven institutions in 

four cities (Michael E DeBakey VA Medical Center and Baylor St. Lukes Medical Center in 

Houston; University of Texas Southwestern, Parkland Health & Hospital System, and Baylor 

Scott & White Research Institute in Dallas; Doctor’s Hospital at Renaissance in McAllen; 

and Texas Liver Institute in San Antonio). Recruitment started on December 2016 and is still 

ongoing.

Cirrhosis diagnosis was based on predefined criteria for liver histology, radiology, 

liver elastography, or serum biomarkers (see Supplementary Materials). Patients with 

uncontrolled hepatic decompensation, history of HCC, or presence of non-hepatic cancer 

were excluded. At the time of consent, patients completed surveys including medical history, 

alcohol, and tobacco use. We also abstracted data from the patients’ electronic medical 

records (EMR) including: (1) clinician recorded diagnoses including cirrhosis etiology (e.g., 

HCV, HBV), severity (ascites, varices; hepatic encephalopathy), and liver-related treatments; 

and (2) liver imaging and liver biopsy results, and (3) laboratory data within 12 months of 

enrollment.

Patients were scheduled for 6-month visits as part of routine clinical care and followed until 

HCC diagnosis, liver transplantation, or death. They received liver ultrasound, CT or MRI 

for HCC surveillance per the decision of treating physician. For the current analysis, we 

included THCCC participants enrolled between December 2016 and April 2020, with follow 

up until June 30, 2021.

The HVASC is a cohort of patients with cirrhosis in active HCC surveillance recruited from 

hepatology clinics at the Michael E DeBakey VA Medical Center between August 2014 and 

December 2016 with follow-up until June 2021. HVASC used similar eligibility, inclusion 
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and exclusion criteria, and recruitment procedures as those described for THCCC; indeed, 

most procedures for THCCC were adopted from the HVASC study. HVASC participants 

completed a shorter survey, although most items in HVASC overlapped with those included 

in the THCCC surveys.

We harmonized data from THCCC and HVASC into one common dataset to use for the 

current analysis using the steps described by Rolland et al12. This harmonization was 

possible given similarities in data collection procedures and survey instruments. We went 

back to the source documents and EMR for both cohorts to complete missing data items.

Primary Outcome

Our primary outcome was incident HCC that developed following enrollment. EMR reviews 

were conducted for all participants at 3-month intervals to capture incident HCCs, liver 

transplantation and death dates. We defined HCC according to AASLD criteria including 

histological or radiological diagnosis using characteristic appearance (arterial enhancement 

and delayed washout) on triple phase CT or MRI (LI-RAD 5) or those with suspicious 

lesions (LI-RAD 4) that were reviewed in multidisciplinary tumor boards and empirically 

treated as HCC. All study sites have multidisciplinary HCC tumor boards. For our analysis, 

we used the date of final confirmation as the date of HCC diagnosis.

Possible HCC Risk Factors

Socio-demographic variables included age at enrollment, sex, and a constructed variable 

from self-reported race and ethnicity (non-Hispanic white, non-Hispanic Black, Hispanic, 

and other groups). We defined HCV as active, cured, or none. Active HCV was based 

on a positive HCV ribonucleic acid test, and cured HCV was based on documentation of 

treatment and subsequent sustained virological response (SVR) in the EMR.13 Because most 

HCV patients received antiviral treatment with direct acting antiviral agents during follow 

up, we modeled HCV status (active, cured, none) as a time varying covariate. HBV was 

based on a positive hepatitis B surface antigen.14,15 All HBV patients were on antiviral 

treatment. We used a validated survey for ascertaining alcohol use that classified alcohol use 

status as lifetime abstention (never), former light to moderate use, former heavy use, current 

light to moderate and current heavy use, as defined by the Centers for Disease Control 

and Prevention.16 We defined alcohol related cirrhosis based on a combination of clinician 

recorded diagnosis of alcoholic liver disease and patients’ self-report of former heavy (8 or 

more alcoholic beverages per week for women or 15 or more alcoholic beverages per week 

for men) or any current use of alcohol. We used clinician recorded diagnosis to define other 

etiologies, including autoimmune hepatitis, primary biliary cholangitis, primary sclerosing 

cholangitis, hereditary hemochromatosis, and Wilson’s Disease. The diagnosis of NAFLD 

requires documentation of hepatic steatosis on liver histology or imaging. Given that hepatic 

steatosis cannot be reliably ascertained in the clinical setting of liver cirrhosis, we defined 

NAFLD as the possible etiology of cirrhosis for patients without HCV (active/untreated 

or resolved HCV), HBV, alcoholic liver disease, or other clinician documented etiologies 

(such as autoimmune hepatitis, primary biliary cholangitis, primary sclerosing cholangitis, 

hereditary hemochromatosis, Wilson’s Disease, including few patients who were classified 
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as having cryptogenic cirrhosis). Most (>90%) of patients classified as NAFLD also had 

clinician recorded diagnosis of NAFLD.

We defined diabetes, hypertension, and dyslipidemia based on patient’s medical history 

(survey or EMR) or self-reported treatment with diabetes medications (oral hypoglycemic 

medications or insulin), anti-hypertensives, or treatments for dyslipidemia (bile acid–binding 

resins, HMG-CoA reductase inhibitors, nicotinic acid and fibric acid derivatives) at any 

time before enrollment. We defined smoking status as never, past, and current smoker based 

on self-report using the baseline survey. We used height and weight values at enrollment 

to calculate body mass index (BMI). We defined Child Pugh Class based on physician 

documentation of presence and severity of ascites, hepatic encephalopathy, and laboratory 

data at enrollment into the study cohort.

Statistical Analyses

We estimated follow up of patients from the date of enrollment (index date) to the 

development of HCC, liver transplantation, death, or end of follow up (June 30, 2021). 

We calculated the annual and cumulative incidence rates for HCC in the overall cohort and 

in subgroups defined based on etiological risk factors. We generated cumulative incidence 

function curves, accounting for competing risks of transplant and death, to illustrate and 

compare the cumulative incidence of HCC by common etiological risk factors (cured HCV, 

NAFLD, alcohol) and used the Gray’s test to evaluate the difference between curves.

We constructed univariate and multivariable Cox proportional hazards models for competing 

risks data, using Fine and Gray method17 to the examine the effects of etiological, 

demographic, clinical, and lifestyle factors on the risk of HCC. We focused on common 

etiological risk factors. Some etiology-based groups (such as autoimmune hepatitis, primary 

biliary cirrhosis, primary sclerosing cholangitis, HBV, etc.), had few HCC cases in each 

group; therefore, we combined these smaller groups into one group (Other) for the purposes 

of the regression analyses. We accounted for competing risks of transplantation and death 

in the models. Because all variables (see Possible HCC Risk Factors) were selected a priori 
based on clinical considerations and literature, we included all in our multivariable model in 
lieu of arbitrarily selecting a subset based on statistical significance alone.

RESULTS

Of 2733 patients with cirrhosis, 2381 (87.1%) participants were enrolled in THCCC and 352 

(12.9%) in HVASC. The mean age of the cohort was 60.1 years (standard deviation, SD 

9.95 years) and 856 (31.3%) were women. The cohort included 50.2% non-Hispanic white, 

27.4% Hispanics, and 19.5% non-Hispanic Blacks. Among 748 Hispanics, 410 (54.8%) 

were born in the U.S., 122 born in Mexico (16.3%), and the rest were born in other regions 

(Central America, South America, and the Caribbean). HCV was the leading etiological risk 

factor (42.4%) followed by NAFLD (30.1%) and alcohol-related liver disease (16.1%). In 

total, 19.1% had active HCV and 23.3% cured HCV at baseline. These proportions changed 

to 9.2% and 33.2%, respectively by the end of study follow up. In total, 2.4% of the cohort 

had HBV, 4.3% autoimmune hepatitis, and 2.7% had primary biliary cholangitis. Other 

etiological risk factors were rare (0.8% primary sclerosing cholangitis, 0.5% hereditary 
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hemochromatosis, 0.1% alpha 1 antitrypsin deficiency, and 0.2% Wilson disease). More 

than 22% of patients were current smokers, while 6.7% reported current heavy alcohol use, 

43.1% had diabetes, 52.2% hypertension, and most were overweight or obese (body mass 

index ≥25). Most patients (63.6%) had a baseline Child-Pugh Class A, and less than 5% had 

Child Pugh C class.

Patients with active HCV were more likely to be non-Hispanic Black, men, and current 

smokers than the rest of the cohort; those with NAFLD more likely to be women, Hispanic, 

overweight, and have diabetes, hypertension, and dyslipidemia; whereas patients with 

alcoholic liver disease were more likely to be younger and have Child Class B or C cirrhosis 

than the rest of the cohort (Supplementary Table 1).

The overall adherence to HCC surveillance was high. In total, 80% of participants 

underwent at least one HCC surveillance imaging during follow up. Most patients (64.1%) 

received ultrasound-based screening, 21.4% patients received at least one abdominal 

computerized tomography, and 24.9% had at least one abdominal magnetic resonance 

imaging during follow up. There were no clinically meaningful differences in the frequency 

and type of surveillance tests among patients with the key etiological risk groups 

(Supplementary Table 1).

Risk of HCC in patients with cirrhosis

During a total of 7,406 person-years follow up, 62 patients received transplantation, another 

344 died during follow-up, and 135 patients developed HCC at an annual incidence rate 

of 1.82% (95% CI 1.50, 2.17%). Of all HCC cases, the diagnosis was based on imaging 

in 92.5%, histology in 6.6% of patients, while one patient (0.74%) had HCC diagnosed on 

explant at the time of liver transplantation.

Table 2 displays the annual incidence rates of HCC in key subgroups by etiological risk 

factors and race/ethnicity. The annual HCC incidence rate was the highest in patients with 

active HCV (3.36%, 95% CI, 2.47, 4.25%) followed by patients with cured HCV (1.71%, 

95% CI 1.13, 2.30%), those with alcoholic liver disease (1.32%, 95% CI, 0.65, 1.99%), and 

patients with NAFLD cirrhosis (1.24%, 95% CI, 0.74, 1.73%). In total, 67 patients had HBV. 

Of these, 24 patients were co-infected with HCV and 11 had co-existing alcohol related liver 

disease; HCC developed at an annual incidence rate of 1.91% (95% CI, 0.04, 3.78%). Only 

32 patients had HBV infection without other risk factors; the annual HCC incidence rate was 

1.13% (95% CI, 0.00, 3.35%) in this subgroup. Few patients progressed to HCC in other risk 

groups (see Table 2).

The 3-year cumulative incidence rate of HCC was 5.3% (95% CI, 4.4, 6.3%) in the overall 

cohort and ranged in subgroups based on etiological risk factors from 3.1% (95% CI, 1.9, 

4.7%) in patients with NAFLD, 3.6% (95% CI, 2.0, 6.0%) in patients with alcoholic liver 

disease to 5.1% (95% CI, 3.5, 7.2%) in patients with cured HCV (Figure 1). The annual 

HCC incidence rates were not different among non-Hispanic whites (1.94%), non-Hispanic 

Blacks (1.73%) and Hispanics (1.65%) (Gray test, p= 0.71).
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Associations between etiological, demographic, clinical, and lifestyle factors and HCC

In the multivariable model adjusting for other etiological and demographic risk factors, 

compared to patients with NAFLD, those with active HCV had 2.1-fold higher risk of HCC 

(HR=2.16, 95% CI, 1.16, 4.04). The relative risk of HCC persisted in patients with cured 

HCV and remained over 2-fold higher than the risk in patients with NAFLD (HR=2.04, 95% 

CI, 1.24, 3.35). There was no statistically significant difference in the risk of HCC between 

patients with alcohol and NAFLD related cirrhosis.

Current smokers had a higher risk of HCC than non-smokers (HR, 1.63, 95% CI, 1.01–2.63) 

(Table 3). Being overweight was associated with higher risk of HCC (HR, 1.79, 95% CI, 

1.08–2.95) whereas dyslipidemia was associated with lower HCC risk (HR=0.62, 95% CI, 

0.40–0.94).

Risk of HCC increased with age; patients older than 65 had 92% higher risk of HCC than 55 

year and younger (HR, 1.92, 95% CI, 1.14, 3.25). The risk of HCC was 2.2-fold higher in 

men vs. women (HR, 2.26, 95% CI, 1.25–3.25). Non-Hispanic Blacks were at a lower risk 

of developing HCC than non-Hispanic Whites (HR=0.66, 95% CI=0.42–1.03), although this 

trend did not reach statistical significance. Higher Child Pugh Class was associated with a 

significantly increased HCC risk (Table 3).

DISCUSSION

In this study, we have provided contemporary data about the magnitude of HCC risk in 

relation to key etiological risk factors for HCC using data from two U.S. based prospective 

cohorts of patients with cirrhosis. The absolute risk (i.e., incidence rate) of HCC in 

our multi-etiology cohort of patients with cirrhosis was lower than the risk reported in 

previous older studies.18–21 The etiological risk factors for cirrhosis, especially HCV, had 

the strongest effect on HCC risk; the highest risk was in active HCV, followed by HBV, 

cured HCV, alcoholic liver disease and lowest in NAFLD. However, health behaviors such as 

smoking and being overweight were associated with a further increase in HCC risk.

The annual incidence rate of HCC in our cohort overall was 1.82% (95% CI, 95% CI 1.50, 

2.17%). Previous studies, mostly of patients with untreated HCV or HBV found higher 

annual incidence rates that fell between 2% to 8%.5,19–21 Our results show that the shift in 

cirrhosis etiological risk factors from HCV to NAFLD have resulted in a downward shift in 

the magnitude of HCC risk in patients with cirrhosis. The results of our study are largely 

consistent with data from recent retrospective cohort studies. We previously reported an 

annual HCC incidence of 1.81% in Veterans with HCV who had cirrhosis at the time of 

virological cure and an annual incidence of 1.06% in patients with NAFLD cirrhosis.7,8,13 

Our current study extends these data to show that the pretest probability of HCC in the 

newer cohorts of patients with cirrhosis is lower than expected based on historic cohorts. 

However, HCC risk approached or exceeded the currently accepted threshold beyond which 

HCC surveillance may be cost-effective in all identified subgroups; none of the subgroups 

had a markedly lower risk. However, the current surveillance recommendations are based 

on studies in patients with active HCV and HBV with no direct evidence relating to the 

newer cohorts of patients with cirrhosis, most of whom have cured HCV or NAFLD (as in 
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our study). Both the effectiveness and cost-effectiveness of surveillance depend on the risk 

of HCC (incidence rate). Our data on HCC incidence could guide future cost-effectiveness 

analysis and HCC surveillance in cirrhosis.

We found that HCC risk in cirrhosis was driven primarily by etiological risk factors. HCC 

risk was the highest in the subgroup with active HCV cirrhosis which constituted a relatively 

small proportion overall, especially with the evolution of time during follow up. This risk 

was followed by cured HCV which accounted for over a third of our cohort, demonstrating 

that HCV (active or cured) will continue to be an important contributor to the burden of 

HCC in the next decade. Our findings also underscore the importance of ongoing HCC 

surveillance in patients with cirrhosis following SVR. HCC risk was lower in patients with 

NAFLD-cirrhosis (1.24%) than in patients with HCV cirrhosis in our cohort. Although HCV 

was the strongest risk factor for HCC, NAFD could eventually be responsible for more cases 

of HCC than HCV given the higher prevalence of NAFLD in the general population and 

among patients with cirrhosis including our cohort. Indeed, a recent study estimated NAFLD 

will result in 135,000 HCC cases in the U.S. between 2015 and 2030.22

Our data may also inform secondary prevention of HCC in cirrhosis. In our cohort, 

approximately 60% of patients were current or former smokers; smoking was associated 

with a higher risk of HCC. Several constituents of tobacco smoke can promote 

hepatocarcinogenesis.23–27 Overall, our observed association provides support to the recent 

guidance that cirrhosis patient should be counseled on abstaining from smoking as a risk 

reduction strategy in HCC.28 Our study provides novel evidence that obesity is associated 

with increased HCC risk among patients with cirrhosis. Obesity has been associated with 

1.5–2.0-fold increase in HCC risk in general population studies.29 But whether and to what 

extend overweight or obesity modifies HCC risk in patients with established cirrhosis has 

been unknown. Our finding of a 79% higher risk of HCC in overweight/obese patients 

compared to those with normal weight also have important implications for secondary 

prevention of HCC. The mechanisms of obesity related hepatocarcinogenesis need to be 

examined.

Studies have shown substantial differences among racial and ethnic groups in the 

distribution of etiological risk factors for cirrhosis and HCC, with HCV being more common 

in Blacks and NAFLD more common in Hispanics.30 We found that Blacks had a trends 

toward lower risk of developing HCC compared with non-Hispanic Whites after adjusting 

for etiological risk factors, especially HCV and NAFLD. The race effect in our study 

is similar to that observed in previous studies that controlled for etiology.31,32 Although, 

Hispanic ethnicity is associated in some studies with a higher risk of cirrhosis and HCC,33 

we did not find evidence for an association between ethnicity and HCC risk. Ethnicity-HCC 

relationship will require a larger cohort with longer follow up (and more accrued HCC 

cases) to support a comprehensive evaluation.

Ours is one of the few multicenter, prospective cohort studies that involved U.S. patients 

of all ages, multiple racial and ethnic groups and both sexes with cirrhosis from multiple 

etiologies, and minimal loss to follow-up. However, the study has limitations. Despite 

following strict protocols for follow-up, with structured EMR reviews to ascertain outcomes, 
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we may have missed HCC events in some patients who sought care outside of the healthcare 

systems where recruitment for the study took place. Although we used validated surveys 

for alcohol use and smoking, we cannot exclude measurement bias and we did not 

systematically collect medication information. NAFLD diagnosis was a constructed variable 

defined based on absence of other active risk factors (HCV or alcohol) but not based on 

demonstration of fatty liver disease, which is difficult to do in cirrhosis, potentially resulting 

in misclassification bias. However, most patients classified as NAFLD had physician 

documented diagnosis of NAFLD and had at least one metabolic risk factor, providing 

support to our definition. We likely underestimated the presence of NAFLD because we 

did not account for the possibility that some patients with viral hepatitis may also have 

metabolic dysfunction associated fatty liver disease. Few patients in our cohort had HBV 

infection or other etiological risk factors (such as primary sclerosing cholangitis) and hence 

the results cannot be generalized to cohorts with high proportions of patients with these 

etiological risk factors. We also followed patients in hepatology specialty clinics care; this 

setting could limit generalizability to broader population of patients with cirrhosis.

In conclusion, in this large prospective contemporary cirrhosis cohort study, we found that 

the incidence rates of HCC were lower than that previously reported. The magnitude of 

HCC risk varied depending on the underlying etiology, being highest in patients with active 

HCV cirrhosis, followed by HBV, cured HCV, and lowest in those with alcohol or NAFLD 

cirrhosis. The proportions of these etiological risk factors were highest for cured HCV and 

NAFLD and lowest for active HCV or HBV. Smoking and overweight were associated with 

an increased HCC risk. Our results have implications for studies of cost-effectiveness of 

HCC surveillance and for secondary prevention of HCC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

• Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related 

mortality worldwide, and it develops in the setting of liver cirrhosis.

• The underlying etiological risk factors for cirrhosis have dramatically 

changed in the last decade.
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What are the new findings?

• In this multicenter, prospective multiethnic cohort study, HCC incidence 

among patients with cirrhosis was lower than previously reported, showing 

that the trends in cirrhosis risk factors have shifted the overall HCC risk in 

patients with cirrhosis.

• Among patients with cirrhosis, hepatitis C virus infection (active and cured) 

had the strongest effect on HCC risk.

• Health behaviors such as smoking and being overweight were associated with 

a further increase in HCC risk
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How might it impact on clinical practice in the foreseeable future?

• Our results have implications for studies of cost-effectiveness of HCC 

surveillance and for secondary prevention of HCC in patients with cirrhosis 

who are seen in current clinical practice.
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Figure 1. 
Cumulative incidence of hepatocellular cancer. Hepatitis C virus infection (HCV), 

nonalcoholic fatty liver disease, alcohol liver disease.
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Table 1.

Descriptive statistics for the study cohort

Variables N=2733 (%)

Age in years

< 55 644 (23.6)

55–64 1148 (42.0)

65+ 941 (34.4)

Sex

Female 856 (31.3)

Male 1877 (68.7)

Race/ethnicity

Non-Hispanic (NH) white 1373 (50.2)

NH-Black 533 (19.5)

Hispanic 748 (27.4)

Other 79 (2.9)

Etiology of liver disease 1 

Active hepatitis C virus (HCV)
2 521 (19.0)

Cured HCV
2 638 (23.3)

Alcoholic liver disease 439 (16.1)

Nonalcoholic fatty liver disease 822 (30.1)

Hepatitis B virus infection
3 67 (2.4)

Autoimmune hepatitis 117 (4.3)

0Primary biliary cirrhosis 75 (2.7)

Primary sclerosing cholangitis 22 (0.8)

Other etiologies
4 81 (2.9)

Missing 10 (0.36

Alcohol use

Never 873 (31.9)

Current heavy 183 (6.7)

Current but not heavy 191 (7.0)

Past Heavy 903 (33.0)

Past Not Heavy 583 (21.4)

Smoking

Never 1087 (39.8)

Current 616 (22.5)

Past 1030 (37.7)

Diabetes

No 1555 (56.9)
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Variables N=2733 (%)

Yes 1178 (43.1)

Body mass index (kg/m 2 )

< 25 547 (20.0)

25–29 864 (31.6)

30–34 725 (26.5)

35+ 597 (21.9)

Hypertension

No 1305 (47.8)

Yes 1428 (52.2)

Dyslipidemia

No 1800 (65.9)

Yes 933 (34.1)

Child Pugh Class

A 1738 (63.6)

B 685 (25.1)

C 119 (4.4)

Missing 191 (6.9)

1
Some patients had more than one etiological risk factor. Where possible, we relied on the primary etiology assigned by the treating clinician. 

Specifically, patients with HCV and excessive alcohol use were classified as patients with HCV. Alcohol related cirrhosis was classified as the 
underlying risk factor when alcohol was defined as the only risk factors. Nonalcoholic fatty liver disease was defined as the etiology in patients 
without HCV (active/untreated or resolved HCV), HBV, alcohol, or other etiological risk factors. There could be overlap in etiology in patients with 
autoimmune hepatitis, primary biliary cholangitis and primary sclerosing cholangitis.

2
HCV status was defined based on data at the time of cohort enrollment. In total, 908 patients achieved sustained virological response during 

follow up.

3
Of the 67 patients with HBV, 24 patients were co-infected with HCV and 11 had co-existing alcohol related liver disease. Only, 32 patients had 

HBV infection without other risk factors.

4
Includes patients with hemochromatosis, Wilson’s disease, alpha 1 anti-trypsin deficiency, cryptogenic cirrhosis
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Table 2.

HCC incidence overall and in key subgroups defined based on etiology and race/ethnicity.

Frequency of 
patients

Frequency of 
patients with 

HCC

Person-years 
(PY) follow up

HCC Incidence 
per 100 PY 95% Confidence 

Interval

Overall 2733 135 7418 1.82 1.51–2.13

Etiology 1 

Active hepatitis C virus 

(HCV)
1 521 55

1636
3.36 2.47–4.25

Cured HCV 638 33 1927 1.71 1.13–2.30

Alcohol related liver disease 439 15 1133 1.32 0.65–1.99

Nonalcoholic fatty liver 
disease 822 24 1940 1.24 0.74–1.73

Hepatitis B virus infection
2 67 4 209 1.91 0.04–3.78

Autoimmune hepatitis 117 4 305 1.31 0.03–2.60

Primary biliary cirrhosis 75 0 176 0.00 0.00–0.00

Primary sclerosing cholangitis 22 0 56 0.00 0.00–0.00

Other etiologies
2 81 2 179 1.12 0.00–2.68

Missing 10 1 45 2.24 0.00–6.64

Race/ethnicity

Non-Hispanic White 1373 72 3711 1.94 1.49–2.38

Hispanics 748 31 1879 1.65 1.07–2.23

Non-Hispanic Black 533 28 1618 1.73 1.09–2.38

1
HCV status was defined based on data at the time of cohort enrollment.

2
Only, 32 patients had HBV infection without other risk factors, with an annual HCC incidence rate of 1.13% (95% CI, 0.00, 3.35%).

See footnote for Table 1.
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Table 3.

Associations between demographic, etiological, and life factors and risk of incident hepatocellular cancer. 

NAFLD – nonalcoholic fatty liver disease. BMI, body mass index

Variables Unadjusted Hazard Ratio Adjusted Hazard Ratio

Age in years

< 55 1.00 1.00

55–64 1.38 (0.83, 2.28) 1.11 (0.66, 1.88)

65+ 1.89 (1.15, 3.11) 1.92 (1.14, 3.25)

Sex  

Female 1.00 1.00

Male 2.61 (1.61, 4.24) 2.22 (1.25, 3.65)

Race/ethnicity

Non-Hispanic (NH) white 1.00 1.00

NH Black 0.94 (0.61, 1.46) 0.66 (0.42, 1.03)

Hispanic 0.83 (0.55, 1.27) 0.98 (0.63, 1.53)

Other 0.97 (0.35, 2.67) 1.27 (0.45, 3.59)

Etiology

NAFLD (reference) 1.00 1.00

Active HCV 2.32 (1.18, 4.59) 2.16 (1.16, 4.04)

Cured HCV 2.02 (1.16, 3.54) 2.04 (1.24, 3.35)

Alcoholic liver disease 0.92 (0.48, 1.74) 0.84 (0.44, 1.64)

Other etiologies
1

0.79 (0.18, 3.47) 0.90 (0.40, 2.03)

Smoking

Never 1.00 1.00

Current 2.22 (1.41, 3.49) 1.63 (1.01, 2.63)

Past 1.72 (1.12, 2.64) 1.33 (0.84, 2.09)

Diabetes

No 1.00 1.00

Yes 1.02 (0.73, 1.43) 1.21 (0.84, 1.73)

Overweight/obesity

BMI <25 1.00 1.00

BMI 25 and more 1.60 (0.97, 2.63) 1.79 (1.08, 2.95)

Hypertension

No 1.00 1.00

Yes 1.15 (0.82, 1.62) 1.33 (0.94, 1.87)

Dyslipidemia

No 1.00 1.00

Yes 0.68 (0.47, 1.00) 0.62 (0.40, 0.94)

Child Pugh Class
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Variables Unadjusted Hazard Ratio Adjusted Hazard Ratio

A 1.00 1.00

B 1.47 (0.99, 2.18) 1.85 (1.22, 2.80)

C 2.26 (1.15, 4.43) 3.25 (1.58, 6.67)

1
Includes all other etiologies, including hepatitis B, autoimmune liver disease, hemochromatosis, Wilson’s disease, alpha 1 anti-trypsin deficiency, 

cryptogenic cirrhosis, and few patients with missing etiology.
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