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Abstract

BACKGROUND & AIMS: Alcohol is one of the leading causes of hepatocellular carcinoma 

(HCC). However, pooled estimates of HCC incidence in alcohol-associated cirrhosis have not been 

evaluated systematically. We performed a pooled analysis of time-to-event data to provide robust 

estimates for the incidence of HCC in alcohol-associated cirrhosis.

METHODS: Medline, Embase, Cochrane Central Register, Scopus, and Web of Science were 

searched from inception to August 2021. Individual patient data were reconstructed from 

published Kaplan–Meier curves, and a pooled analysis of cumulative HCC incidence was 

performed using a random-effects model.

RESULTS: We screened 5022 articles and included 18 studies (148,333 patients). In the pooled 

analysis, the cumulative incidence of HCC in alcohol-associated cirrhosis at 1, 5, and 10 years 

among studies that accounted for the competing risk of death without HCC was 1%, 3%, and 

9%, respectively. A secondary analysis by traditional meta-analysis determined that the HCC 

incidence rate was higher in cohorts enrolled in a HCC surveillance program (18.6 vs 4.8 per 1000 

person-years; P [ .001) vs those who were not enrolled in a surveillance program. Meta-regression 

showed that diabetes, smoking, variceal bleeding, and hepatic decompensation were associated 

with a higher risk of HCC.

CONCLUSIONS: Our analysis determined that the 5- and 10- year cumulative risk of HCC in 

alcohol-associated cirrhosis was 3% and 9%, respectively, with a higher incidence in cohorts that 

were enrolled in a HCC surveillance program. These data should be validated further in large 

prospective studies, and may have important implications for HCC screening and surveillance 

among patients with alcohol-associated cirrhosis.
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Alcohol is one of the leading causes of liver diseases worldwide.1 Alcohol use is associated 

with a wide spectrum of liver injuries ranging from steatosis, alcoholic hepatitis, cirrhosis, 

and hepatocellular carcinoma (HCC).1–7 HCC is now the third leading cause of cancer 

deaths worldwide.8 In 2019, an estimated 19% of deaths from HCC were secondary 

to alcohol.9,10 The age-adjusted death rates resulting from alcohol-associated HCC are 

increasing in parallel with the increasing global per-capita alcohol consumption, in contrast 

to hepatitis B virus– and hepatitis C virus (HCV)-associated HCC, which have decreasing 

death rates.9,11–13

The reported incidence of alcohol-associated HCC varies widely, with estimates of annual 

incidence ranging from 0.6% to 5.6%.14–16 The wide range in HCC incidence may be 

owing to varying study settings, time periods, and adherence to HCC surveillance. A 

systematic review of the incidence of HCC among patients with alcohol-associated cirrhosis 

has not been reported. Therefore, through a systematic review and meta-analytic approach, 

we provide estimates for the incidence of HCC among patients with alcohol-associated 

cirrhosis.

We performed the primary analysis by reconstructing individual patient data from published 

Kaplan–Meier curves to provide robust estimates of time-to-event data to account for 

censoring of events. We performed a secondary analysis by traditional meta-analysis 

methods to evaluate the incidence rate of HCC per 1000 person-years, overall and in 

subgroup analyses for study setting, enrollment into a HCC surveillance program, and time 

period.

Methods

Search Strategy and Inclusion Criteria

With reference to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

guidelines,17 a medical librarian (D.G.) searched the literature for articles relating to the 

incidence of HCC among patients with alcohol-associated cirrhosis. The search strategies 

were created using a mix of keywords and standardized index terms. Key search terms 

included “alcohol,” “liver cirrhosis,” “liver cancer,” and “hepatocellular carcinoma.” The 

full search strategy can be found on page 4 of the Supplementary file. The search was 

performed on August 25, 2021, in the Cochrane Central Register of Controlled Trials, 

Embase, Medline, Scopus, and the Web of Science Core Collection. A total of 8545 citations 

were retrieved. Duplicates were removed in EndNote following the Bramer et al18 method, 

leaving 5202 citations. Manual screening of the references in the included articles also was 

conducted for a comprehensive search.

Study Selection

Two authors independently screened titles and abstracts, with subsequent full-text review, for 

eligibility for inclusion. Discrepancies were resolved by discussion or through review by a 

third independent author. The primary outcome of interest was the incidence of HCC among 

patients with alcohol-associated cirrhosis. Retrospective and prospective cohort studies were 

considered for inclusion, and no date filter was applied. Studies were included if they were 
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performed in adult (age, ≥18 y) patients with alcohol-associated cirrhosis and provided data 

for the number of incident HCC cases over time.

Studies that were cross-sectional, case–control studies, editorials, systematic reviews, meta-

analyses, commentaries, or that included patients with concomitant viral hepatitis were 

excluded. Studies that included other histologies of liver cancer apart from HCC, such 

as cholangiocarcinoma, were excluded. When multiple studies provided data for HCC 

incidence from overlapping cohorts, priority was given to studies that provided time-to-event 

data for reconstruction of individual patient data, or the most updated/larger cohort.16,19 

The majority of the studies from the initial search were excluded at the title and abstract 

screening stage (Figure 1) because they were not relevant to the aims of the current meta-

analysis, or had a study design that did not allow for the evaluation of HCC incidence.

Data Extraction

Relevant data from each included article were extracted by a pair of independent authors 

on a standardized data collection form. Study characteristics, patient demographics, and 

incident HCC cases were obtained from the included studies.

Quality Assessment

Quality assessment of included studies was performed using scales developed for this review 

based on the Newcastle–Ottawa scale for retrospective studies.20

Statistical Analysis

The incidence of HCC among patients with alcohol-associated cirrhosis was reported in 

terms of cumulative incidence and the incidence rate per 1000 person years. The main 

analysis to determine cumulative incidence was performed among studies that accounted for 

competing risks of death and liver transplantation, by reconstructing individual patient data 

from published Kaplan–Meier curves from inverted Kaplan–Meier product-limit equations 

by Guyot et al.21,22 The method proposed by Guyot et al21 has been widely used 

in the extraction of individual patient data from Kaplan–Meier curves.23–25 A pooled 

analysis then was conducted using the MetaSurv package (Divat, Nantes, France), in 

which arcsine-transformed survival probabilities were aggregated using a random-effects 

model.26,27 Subgroup/ sensitivity analyses were conducted based on enrollment into a HCC 

surveillance program (defined as imaging of the liver at least every 6 months with or 

without α-fetoprotein for the purpose of HCC screening), study setting (population-based 

vs non–population-based), biopsy-proven cirrhosis, and time period (study median year 

before the year 2000 vs 2000 and beyond). We could not perform a direct statistical 

comparison between subgroups using reconstructed individual patient data because data 

from each subgroup were extracted from separate studies. Therefore, a secondary analysis 

was performed using a generalized linear mixed model with Clopper–Pearson28,29 intervals 

to compare between subgroups in terms of incidence rate per 1000 person-years. Statistical 

heterogeneity was assessed via I2 and the Cochran Q test values, where an I2 value of 

>40% or a Cochran Q test with a P value ≤.10 was considered heterogeneous.30,31 Currently, 

there is a lack of an appropriate heterogeneity tool in single-arm meta-analysis32 and I2 can 

prove an inadequate tool in the assessment of heterogeneity for meta-analysis of proportions, 
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with previous analysis usually exceeding >90%.33,34 In addition, a random-effects meta-

regression was conducted to identify baseline characteristics associated with the incidence 

of HCC. Publication bias was not conducted in the absence of an appropriate tool for 

the measure of publication bias in a single-arm analysis.35 All statistical analyses were 

conducted in RStudio (version 4.0.3) and a P value <.05 was considered as the threshold for 

statistical significance.

Results

Summary of Included Articles

A systematic search of the literature using the previously mentioned search strategy yielded 

5202 articles after removal of duplicates. After 5022 articles were excluded after review 

of the study title and abstract, 180 articles were selected for full-text review, of which 

18 articles met the final inclusion criteria (Figure 1). In total, 4 studies were from Japan; 

3 studies each were from Spain, Sweden, and the United States; and 1 study each was 

conducted in Belgium, Denmark, France, and the United Kingdom. In addition, there 

was 1 multicenter study that included study sites from both France and Belgium. A total 

of 148,333 patients with alcohol-associated cirrhosis, providing a total of 1,162,744.33 

patient-years of follow-up evaluation, were included for analysis. Supplementary Table 

1 summarizes the characteristics of included studies, Supplementary Table 2 summarizes 

patient characteristics, and Supplementary Table 3 provides the quality assessment for the 

included articles. The mean age of the patients in the included studies ranged from 48.7 to 

60.3 years, while the proportion of males ranged from 54% to 100% (Supplementary Table 

2). Included studies were assessed to have a low (n = 16) or moderate (n = 2) risk of bias 

based on the Newcastle–Ottawa scale appraisal tool.

Cumulative Incidence of Hepatocellular Carcinoma in Alcohol-Associated Cirrhosis

Pooled analysis including studies with time-to-event data that accounted for competing 

risk of death without HCC (4 studies, 4084 patients)36–39 determined that the cumulative 

incidence of HCC at 1, 3, 5, and 10 years was 0.64% (95% CI, 0.06–1.22), 1.78% (95% 

CI, 0.29–3.23), 3.02% (95% CI, 0.57–5.35), and 8.56% (95% CI, 4.00–12.66), respectively 

(Figure 2).

From pooled analysis of all studies that provided time-to-event data (13 studies, 52,463 

patients), the cumulative incidence of HCC in patients with alcohol-associated cirrhosis at 

1, 3, 5, and 10 years was 0.88% (95% CI, 0.26–1.50), 3.05% (95% CI, 1.98–4.10), 5.27% 

(95% CI, 3.12–7.37), and 11.75% (95% CI, 7.35–15.94), respectively.

Subgroup/Sensitivity Analyses

To perform comparisons between subgroups, we then used a secondary analysis for 

incidence rate using traditional meta-analysis. The pooled incidence rate of HCC in patients 

with alcohol-associated cirrhosis among studies that accounted for the competing risk of 

death without HCC and available data for the incidence rate was 9.96 (95% CI, 4.83–20.42) 

(Table 1 and Supplementary Figure 1A). The pooled incidence rate among all included 
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studies with available data for the incidence rate was 8.29 (95% CI, 4.77–14.39) per 1000 

person-years (Supplementary Figure 1B).

By enrollment into a hepatocellular carcinoma surveillance program

The incidence rate was higher among studies with patients who were enrolled in a HCC 

surveillance program vs studies that did not enroll patients in a HCC surveillance program: 

18.59 (95% CI, 12.08–28.50) vs 4.82 (95% CI, 2.36–9.81) per 1000 person-years (P =.001) 

(Table 1 and Supplementary Figure 2).

By median study year

The pooled incidence rate of HCC between studies with a median year before 2000 vs 

2000 and beyond was 4.99 (95% CI, 1.70–14.55) per 1000 person-years vs 12.58 (95% CI, 

9.18–12.58) (P = .10) (Table 1 and Supplementary Figure 3).

By study setting

The incidence rate of HCC non–population-based studies vs population-based studies was 

10.91% (95% CI, 6.13–19.35) vs 3.75% (95% CI, 1.31–10.65) per 1000 person-years (P = 

.08) (Table 1 and Supplementary Figure 4).

Biopsy-confirmed cirrhosis

A sensitivity analysis conducted among studies with biopsy-confirmed cirrhosis (3 studies, 

1679 patients) determined that the HCC incidence rate was 21.14 (95% CI, 11.45–38.70) per 

1000 person-years.

Factors Associated With the Rate of Hepatocellular Carcinoma Development in Alcohol-
Associated Cirrhosis

Meta-regression of study-level data showed that smoking (β = 8.92; 95% CI, 5.78–12.06; P 
< .001), diabetes (β = 9.09; 95% CI, 0.53–17.65; P = .04), and hepatic decompensation (β = 

2.45; 95% CI, 0.14–4.77; P=.04) were significant factors associated with an increased rate of 

HCC (Table 2).

Sensitivity Analysis for Relative Risk of Developing Hepatocellular Carcinoma by Etiology 
of Cirrhosis

Alcohol-associated cirrhosis was associated with a lower risk of developing HCC compared 

with nonalcoholic fatty liver disease (NAFLD) cirrhosis (8 studies, 20,602 patients) (relative 

risk, 0.65; 95% CI, 0.44–0.95; P = .03; I2 = 81.8%) and HCV cirrhosis (6 studies, 1056 

patients) (relative risk, 0.29; 95% CI, 0.23–0.37; P < .001; I2 = 0%). There were insufficient 

studies (n = 2) to allow for comparison with hepatitis B virus cirrhosis.

Discussion

Main Findings

In this systematic review and meta-analysis of 18 studies and 148,333 patients, we 

provide robust estimates for the incidence of HCC in alcohol-associated cirrhosis. We 
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reconstructed individual patient data from studies that accounted for the competing risk of 

death without HCC and determined that the cumulative incidence of HCC in patients with 

alcohol-associated cirrhosis at 1, 3, 5, and 10 years was 1%, 2%, 3%, and 9%, respectively. 

By conventional meta-analysis, the overall pooled incidence rate of HCC in patients with 

alcohol-associated cirrhosis, among studies that accounted for the competing risk of death 

without HCC, was 10.0 per 1000 person-years.

HCC incidence was significantly higher among cohorts that were enrolled in a HCC 

surveillance program vs cohorts that were not enrolled in a surveillance program (18.6 vs 4.8 

per 1000 person-years, respectively). HCC incidence was numerically higher among studies 

from 2000 onward vs before 2000, and among non–population-based vs population-based 

studies, but these 2 subgroup analyses did not reach a level of statistical significance. Meta-

regression of study-level data showed that diabetes, smoking and hepatic decompensation, 

were associated were with the rate of development of HCC among patients with alcohol-

associated cirrhosis. Among these risk factors, diabetes had the strongest association with 

HCC incidence.

Our findings have several important implications for clinical practice. First, while the 

overall incidence of HCC in alcohol-associated cirrhosis appeared to be lower than other 

etiologies of liver disease, the incidence of HCC was higher among studies that were 

enrolled in a HCC screening program (18.6 per 1000 person-years). Patients with alcohol-

associated cirrhosis are known to have lower HCC surveillance rates, which may be related 

to poor disease awareness, clinic time constraints caused by other active medical issues, 

and provider beliefs regarding the likelihood of adherence.40–42 However, we recognize 

that the lower screening rates in alcohol-associated liver disease often are related to poor 

disease awareness, and patients often have advanced HCC at the time of liver disease 

diagnosis. Public health campaigns that use social media and traditional news outlets 

may help improve disease awareness and adherence to surveillance among patients with 

alcohol-associated cirrhosis. A recent multicenter trial in patients with cirrhosis (not focused 

on alcohol) showed that a mailed outreach strategy significantly improved adherence to 

HCC surveillance.43 Further studies specific to improving surveillance rates in patients with 

alcohol-associated cirrhosis are required. Second, the overall HCC incidence was only 9% 

over 10 years (by individual patient data meta-analysis), and 10.0 per 1000 person-years, 

which is lower than the 1.5%/year threshold proposed by the American Association for 

the Study of Liver Disease.44 However, there was a higher incidence among cohorts that 

underwent surveillance (18.6 per 1000 person-years), suggesting that HCC surveillance in 

alcohol-associated cirrhosis may be cost effective if validated further.44 Finally, diabetes, 

smoking, and hepatic decompensation were associated with an increased risk of HCC, with 

the presence of diabetes having the strongest association with HCC incidence. Therefore, 

patients with alcohol-associated cirrhosis should be screened for diabetes to identify the 

patients at high risk for HCC development. In addition, patients with alcohol-associated 

cirrhosis should be advised to stop smoking,45 while patients with hepatic decompensation 

should be monitored carefully for the development of HCC if clinically appropriate.
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In Context With Current Literature

Our data provide similar results to that of a recent nationwide, biopsy-confirmed cohort of 

alcohol-associated cirrhosis from Sweden (HCC incidence of 8.6 per 1000 person-years),16 

even though this study was excluded from analyses because of overlap with another cohort 

that provided time-to-event data.19 The current study provides important data that are useful 

for clinical practice and clinical trial design.

Strengths and Limitations

This meta-analysis used reconstructed individual participant data, which is considered to be 

the gold standard for reporting survival data because it accounts for censoring of events.46,47 

However, this study was not without its limitations. Data from the included studies were 

heterogeneous, which is common among larger meta-analyses, and these findings require 

cautious interpretation. It is possible that studies that reported a higher risk of HCC may 

have included patients with a lower risk of death without HCC, however, many of the 

included studies did not provide data for mortality rates. Data were lacking from Africa, 

Southeast Asia, and the Eastern Mediterranean region, therefore it is unclear if the estimates 

provided in the current study may be generalized to those regions, and more studies are 

required. Most of the included studies were retrospective in nature, several had small 

sample sizes, and the included studies used a variety of definitions for cirrhosis, which 

may have introduced bias into the results. Some studies included prevalent cases of HCC 

while others did not. These likely contributed to the heterogeneity in the secondary analyses 

using traditional meta-analysis methods that persisted despite performing multiple subgroup 

analyses. However, the primary analyses performed using individual patient data address 

between- and within-study heterogeneity to provide more robust estimates for HCC risk. It 

is unclear if these data are generalizable to females because the majority of patients included 

in the analysis were male. There were insufficient data to perform subgroup analysis by sex. 

Meta-regression did not show a significant association between study-level data for sex and 

HCC incidence, which may have been related to the limitation of using study level data. 

More studies are required in females, given the increasing burden of alcohol-associated liver 

disease among females. In the analysis for the relative risk of HCC in alcohol-associated 

cirrhosis vs NAFLD cirrhosis or HCV cirrhosis, we were unable to adjust for potential 

confounders such as age and antiviral treatment status owing to a lack of data, therefore 

these results should be interpreted with caution. Data also were insufficient to provide a 

comparison of HCC incidence between alcohol-associated cirrhosis vs NAFLD cirrhosis or 

HCV cirrhosis among cohorts that underwent HCC screening.48,49 In addition, patients with 

alcohol-associated cirrhosis may have harbored concomitant NAFLD, and there may have 

been some degree of overlap between etiological groups. Finally, there were insufficient data 

to evaluate the impact of alcohol cessation or continuation, obesity, as well as the impact of 

lead-time bias from surveillance on HCC incidence.

Conclusions

This meta-analysis showed that the cumulative risk of HCC in patients with alcohol-

associated cirrhosis was 3% after 5 years, and 9% after 10 years. There was a higher annual 

incidence of HCC in subgroup analyses for cohorts that underwent HCC surveillance. These 
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data should be validated in large prospective studies and may have important implications 

for HCC screening and surveillance among patients with alcohol-associated cirrhosis.
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What You Need to Know

Background

The reported incidence of alcohol-associated hepatocellular carcinoma varies widely. 

A systematic review of the incidence of hepatocellular carcinoma among patients with 

alcohol-associated cirrhosis has not been reported.

Findings

The 5- and 10- year cumulative risk of HCC in alcohol-associated cirrhosis was 3% 

and 9% respectively, with a higher incidence in cohorts that underwent hepatocellular 

carcinoma surveillance.

Implications for patient care

These data suggest that hepatocellular carcinoma surveillance in alcohol-associated 

cirrhosis may be cost effective, and should be validated in large prospective studies.
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Figure 1. 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of included 

articles. HCC, hepatocellular carcinoma.
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Figure 2. 
Cumulative risk of hepatocellular carcinoma (HCC) among patients with alcohol-associated 

cirrhosis among studies that accounted for competing risk of death without HCC, by 

reconstructed individual patient data meta-analysis.
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Table 1.

Incidence Rate of HCC per 1000 Person-Years in Alcohol-Associated Cirrhosis, Overall and in Subgroups

Analysis Studies, n Patients, n Incidence rate (per 1000 person-
years)

I2, % Q P valuea

Studies that accounted for competing risk of 
death without HCC

4 6542 9.96 (4.83–20.42) 97.00 <0.01

Total 16b 148,157 8.29 (4.77–14.39) 99.60 <0.01

HCC surveillance program

 No surveillance program 9 145,212 4.82 (2.36–9.81) 99.70 <0.01 .001a

 Surveillance program 7 2945 18.59 (12.08–28.50) 87.40 <0.01

Median study year

 Before 2000 7 101,871 4.99 (1.70–14.55) 99.50 <0.01 .100

 2000 and after 9 46,286 12.58 (9.18–17.23) 95.70 <0.01

Study setting

 Non–population-based 9 134,197 10.91 (6.13–19.35) 100.0 <0.01 .08

 Population-based 4 13,960 3.75 (1.31–10.65) 99.00 <0.01

HCC, hepatocellular carcinoma.

a
P value for comparison between subgroups.

b
Two studies provided time-to-event data for the cumulative incidence of HCC, but not data for incidence rates per 1000 person-years, hence they 

were not included in this analysis.
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Table 2.

Factors Associated With the Rate of Hepatocellular Carcinoma Development in Alcohol-Associated Cirrhosis

Risk factor Articles, n Coefficient 95% CI P value

Age 12 0.19 −0.02 to 0.40 .08

Male 12 0.61 −1.90 to 3.13 .62

BMI 5 −0.14 −0.54 to 0.26 .48

Smoking 4 8.92 5.78–12.06 <.001

Diabetes 9 9.09 0.53–17.65 .04

Decompensation 8 2.45 0.14–4.77 .04

Ascites 5 0.50 −2.20 to 3.20 .72

Mean bilirubin 7 0.001 −0.02 to 0.02 .93

Mean albumin 7 0.01 −0.01 to 0.04 .31

Mean platelet count 6 −0.009 −0.02 to 0.006 .23

AST 5 −0.009 −0.02 to 0.0004 .06

ALT 5 −0.02 −0.04 to 0.005 .11

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CI, confidence interval.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 January 17.


	Abstract
	Graphical Abstract
	Methods
	Search Strategy and Inclusion Criteria
	Study Selection
	Data Extraction
	Quality Assessment
	Statistical Analysis

	Results
	Summary of Included Articles
	Cumulative Incidence of Hepatocellular Carcinoma in Alcohol-Associated Cirrhosis
	Subgroup/Sensitivity Analyses
	By enrollment into a hepatocellular carcinoma surveillance program
	By median study year
	By study setting
	Biopsy-confirmed cirrhosis
	Factors Associated With the Rate of Hepatocellular Carcinoma Development in Alcohol-Associated Cirrhosis
	Sensitivity Analysis for Relative Risk of Developing Hepatocellular Carcinoma by Etiology of Cirrhosis

	Discussion
	Main Findings
	In Context With Current Literature
	Strengths and Limitations

	Conclusions
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

