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A B S T R A C T

Introduction and Objectives: Alcohol-related liver disease (ALD) is a known contributor to non-hepatic cancers

(NHC). We aimed to describe the incidence and predictors of NHC in patients with ALD.

Materials and Methods: TheWALDO study is a multicenter cohort study of patients with histologically charac-

terized ALD. Participants are followed from the time of liver biopsy and outcomes are captured from health

records. The primary outcome was the incidence of the first NHC. Risk factors for NHC were presented as

unadjusted and adjusted sub-distribution hazards (SDH) based on competing risk analysis. Statistical analy-

ses were done in R.

Results: 694 patients were included. The median age was 51 years (IQR 43- 59), 428 (62 %) patients were male

and 349 (50 %) had cirrhosis on biopsy. During a median follow-up of 4.9 years (IQR 1.3 − 9.6 years), 78

patients (11%) with ALD developed NHC. The cumulative incidence of NHC in ALD was 2.4 % (1.4 − 3.9 %)

over five years. The most common site of NHC was respiratory (17 cases, 22% of NHC) and digestive tract (17

cases, 22%) and cancers of the head and neck (13 cases, 17%). On multivariable analysis, increasing age (SDH

1.03; CI 1.00-1.07; p=0.037), previous smoking (SDH 5.11; CI 1.91-13.66; p= 0.001) and current smoking

(SDH 3.84; CI 1.50-9.84; p = 0.005) along with cirrhosis (SDH 2.14; CI 1.10 -4.13; p=0.024) were associated

with a higher risk of NHC.

Conclusions: NHC’s are common in patients with biopsy-confirmed ArLD. Addressing risk factors for NHC’s

should be encouraged during routine follow-up to reduce the incidence.

© 2025 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Alcohol-related Liver Disease (ALD) accounts for nearly half of cir-

rhosis-associated deaths in the United States (US) and the world

[1,2]. The World Health Organization (WHO) attributes 3 million

deaths (5.3 % of all mortality) annually worldwide as a result of the

Abbreviations: ALD, Alcohol-related liver disease; MASLD, Metabolic-associated stea-

totic liver disease; NHC, Non-hepatic cancers; US, United States; WALDO, Worldwide

alcoholic liver disease outcome; WHO, World Health Organization

* Corresponding author.

E-mail address:mbrahmania@gmail.com (M. Brahmania).

https://doi.org/10.1016/j.aohep.2025.101908

1665-2681/© 2025 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Annals of Hepatology 31 (2026) 101908

Contents lists available at ScienceDirect

Annals of Hepatology

journa l homepage : www.e lsev ier .es /anna lsofhepato logy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2025.101908&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mbrahmania@gmail.com
https://doi.org/10.1016/j.aohep.2025.101908
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2025.101908
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology


harmful use of alcohol [3]. ALD is a disease with a spectrum, including

simple steatosis, alcohol-associated hepatitis (AH), and cirrhosis,

caused by excessive alcohol intake [4]. The most effective interven-

tion to treat ALD remains prolonged alcohol abstinence [5]. Alcohol

has also long been established to be a predisposing factor to hepato-

cellular carcinoma (HCC), accounting for 30% of cases and HCC-spe-

cific deaths worldwide [6,7].

In addition to HCC, there is a causal link demonstrated between

alcohol consumption and cancers of the oral cavity, pharynx, esopha-

gus, liver, breast, colon, and rectum, with multiple pathogenic path-

ways suggested, such as genetic polymorphism for dehydrogenases

and production of reactive oxygen species [8,9]. In general, cirrhosis

is an independent two-fold risk factor for non-hepatic cancers (NHC)

compared to those without cirrhosis [10]. Recently, an estimation

study proposed that approximately 1.7 % of all new cancer cases

could be traced back to harmful consumption of alcohol [11]. Further-

more, a population-based cohort study from Sweden found a 19%

increased risk of NHC in ALD in those surviving over one year, how-

ever, the study was limited in demographic variables such as smok-

ing and obesity, which are both known to cause an increased risk of

cancer [12]. Thus, we embarked on a global initiative where we gath-

ered and analyzed baseline and follow-up data from patients with

histologically characterized ALD, termed The Worldwide Alcoholic

Liver Disease Outcome (WALDO) study. Our primary aim is to identify

the incidence of NHC, and our secondary aim is to identify the risk

factors associated with NHCs in those with histologically character-

ized ALD.

2. Materials and methods

2.1. Study population

This is an analysis of the WALDO study, a multi-center interna-

tional retrospective cohort study of patients with histologically char-

acterized ALD from April 2002 − December 2018. The cohort is

derived from 10 multiple academic centres. Seven centres were in

Europe (6 in the U.K, 1 in Sweden), two centres in North America

(1 each in Canada and the United States of America), and one centre

was in South America (Chile). Data was collected using a standard-

ized Excel sheet distributed to each site for operators to utilize for

data collection. Patients identified from local databases had baseline

and outcome data manually collected retrospectively from electronic

health records. Inclusion criteria included age 18 years or older with

a liver biopsy demonstrating ALD. Biopsies were not centrally read.

ALD is defined as a spectrum of liver disease related to alcohol use.

This includes alcohol-associated hepatitis, alcohol-associated fibrosis,

and alcohol-related cirrhosis. Exclusion criteria were biochemical,

serologic, or histologic evidence of diseases other than ALD, such as

metabolic-associated steatotic liver disease (MASLD), hemochroma-

tosis, Wilson’s disease, celiac disease, Hepatitis C, Hepatitis B, and

autoimmune diseases such as autoimmune hepatitis, primary biliary

cholangitis and primary sclerosing cholangitis. Those with proven or

likely metastases to the liver were also excluded. Patients with cancer

at baseline were included, but the existing malignancy was not noted

as an outcome event. Patients who developed hepatocellular carci-

noma (HCC) were included in the analysis, but HCC was not included

as a primary outcome.

2.2. Data extraction

This data was sourced from electronic medical records and

included, but not limited to, the following variables: age at diagnosis,

gender, BMI at diagnosis, histological presentations at diagnosis as

per the reading pathologist at the site, baseline comorbidities,

tobacco use (categorized as non-smoker, past-smoker, and non-

smoker), alcohol use (discrete variable, with g/day consumption

recorded by sites), biochemistry parameters at diagnosis. Variables

retrieved from the EMR databases focused on survival, cause of death,

cancer outcomes (hepatic and non-hepatic), and the timing of liver

transplantation.

2.3. Outcomes

The primary outcome was the incidence of NHC in histologically

characterized ALD. The secondary outcomes were risk factors that

were associated with the development of NHC. NHCs were enumer-

ated, and each patient’s cancer type was extracted and documented

in each center’s database. NHCs were defined as primary cancers not

originating in the liver.

2.4. Statistical analysis

Demographic and clinical characteristics were reported as per-

centages for categorical variables, or medians and interquartile

range (IQR) for continuous variables for the entire cohort and the

NHC subgroup. The incidence rate of NHC in the follow-up period

was calculated per 1000 person-years. Univariate analysis of base-

line risk factors for NHCs was performed using Fine and Gray regres-

sion models to consider competing risks of non-NHC death during

follow-up. Analyses were adjusted for potential confounders includ-

ing, age, co-morbidities, smoking status, alcohol consumption, cir-

rhosis and BMI. As a sensitivity analysis, these regressions were

repeated using Cox proportional hazards regression models, disre-

garding death and liver transplantation as competing risks. The level

of statistical significance was cut off at p ≤ 0.05, and all p-values are

two-tailed. Statistical analysis was performed in R using the survival

and cmprsk packages.

2.5. Ethical statement

The WALDO study was reviewed and approved by a research

ethics committee in the UK (London Bridge Research Ethics Commit-

tee, reference 18/LO/2132) as the central coordinating center is in the

UK, and each contributing center sought local approval before con-

tributing anonymized data. Individual patient consent was not

sought as only routinely collected healthcare data were recorded

without additional research activity, and data were fully anonymized

before being added to the overall database.

3. Results

694 patients with biopsy-proven ALD met our inclusion criteria.

The baseline characteristics of included patients are shown in

Table 1. The majority of patients were male (428, 622 %) with a

median age of 51 years (IQR 43-59) at the time of biopsy. Cirrhosis

was present in 349 of participants (50 %). Peak median alcohol con-

sumption at the time of biopsy was 80g/day (IQR 40-114) and dur-

ing follow-up, 169 (38 %) patients were not recorded as consuming

alcohol at any point and were considered to be abstinent. During a

median follow-up of 4.9 years (IQR 1.3 − 9.6), 78 patients (11 %)

were diagnosed with NHC, 351 (51 %) patients died or underwent

liver transplantation without experiencing NHC, and 265 (38 %)

patients were alive without undergoing a liver transplant or devel-

oping NHC.

3.1. Incidence of non-hepatic cancer

The time from index liver biopsy to diagnosis of NHC varied

widely: the median delay was 10.1 years (IQR 0.5-26.7 years). The

cumulative incidence of NHC in ALD was 0.5 % (95% CI 0.1-1.3 %) at

one year after index biopsy, 2.2 % (1.2-3.6 %) at five years and 7.1 %

(5.1 %-9.6 %) at ten years (Fig. 1). In comparison, twenty-five patients
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(3.6 %) developed HCC during follow-up with a cumulative incidence

rate of 0.16% (0.02-0.88%) at one year, 2.0 % (1 % - 3.6%) at five years

and 4.0 % (2.5−6.2 %) at ten years (Fig. 1). No patients in this cohort

developed both NHC and HCC. When patients with decompensated

cirrhosis at baseline were excluded from analysis, the cumulative

incidence of NHC was marginally slightly higher: 0.47% (0.1-1.6 %) at

one year, 2.6 % (1.3-4.6 %) at five years and 8.7 % (5.9-12%) at ten years

after index biopsy. The site of NHC was most commonly the respira-

tory or digestive tract: 17 (22%) patients developed cancers at each

of these sites. Head and neck cancer was seen in 13 (17%) patients.

The type and incidence of NHCs are depicted in Fig. 2.

3.2. Risk factors for NHC

The mean age at the time of incident NHC was 67 years (IQR 59 -

72), and 48 (63%) patients with NHC were male. The majority of

those who developed NHC had exposure to tobacco: 49% were cur-

rent smokers at the time of biopsy and 34% were ex-smokers. In uni-

variable analysis, age (HR: 1.04; CI 1.01 − 1.07; p=0.020), smoking

history (ex-smoker HR: 4.18; 1.54 − 11.35, p=0.005, current smoker

HR: 4.45, 1.73 − 11.5, p=0.002) and presence of cirrhosis (HR: 2.15;

CI: 1.13-4.12; p=0.020) increased the risk of developing NHC. On mul-

tivariable analysis, increasing age (HR=1.03; CI 1.01-1.07, p=0.037),

Table 1

Baseline characteristics of WALDO cohort.

Whole cohort N = 6951 Extrahepatic cancer N = 601 No extrahepatic cancer N = 6351 p-value2

Gender 0.8

Female 265 (38%) 22 (37%) 243 (38%)

Male 430 (62%) 38 (63%) 392 (62%)

Age 51 (43, 59) 55 (47, 61) 51 (43, 59) 0.009

BMI3 28.5 (24.1, 32.9) 26.0 (23.0, 29.1) 29.0 (24.2, 33.1) 0.005

Cirrhosis 345 (50%) 38 (63%) 307 (48%) 0.026

Smoking status 0.036

Non-smoker 135 (29%) 8 (15%) 127 (31%)

Ex-smoker 128 (28%) 16 (30%) 112 (27%)

Smoker 199 (43%) 30 (56%) 169 (41%)

Peak alcohol consumption (g/day) 80 (46, 117) 80 (50, 80) 80 (45, 129) 0.7

Abstinent during follow up 173 (34%) 23 (42%) 150 (33%) 0.2

Diabetes at time of baseline biopsy 102 (15%) 8 (13%) 94 (15%) 0.7

Diabetes during follow up 57 (9.6 %) 8 (15%) 49 (9.0 %) 0.14

HCC during follow up4 25 (4.7 %) 0 (0 %) 25 (5.2 %) 0.10

1 n (%); Median (Q1, Q3)
2 Pearson's Chi-squared test; Wilcoxon rank sum test; Fisher's exact test
3 BMI: body mass index
4 HCC: hepatocellular carcinoma

Fig. 1. A: cumulative incidence of non-hepatic cancer in the entire cohort (black line) and in patients without decompensation at baseline (grey line). B: cumulative incidence of

non-hepatic cancer (black line) and death from liver disease or liver transplantation (grey line).
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past smoking status (HR 5.11, CI 1.91 − 13.66; p= 0.001), current

smoking status (HR 3.84; CI 1.50 − 9.84, p = 0.005) and presence of

cirrhosis (SDH 2.14; 1.10 − 4.13, p=0.024) were associated with

higher rates of NHC (Table 2). Gender, diabetes, peak alcohol con-

sumption and presence or severity of cirrhosis were not statistically

associated with NHC.

3.3. Survival after diagnosis of NHC

Fifty-nine patients (78%) died after a diagnosis of NHC after a

median of 2.0 years (IQR 0.1 − 5.2 years). This is 78 % of patients with

NHC, and 8.5 % of the entire cohort. The main cause of death in

patients with NHC was cancer (37 deaths, 63% of all deaths after a

diagnosis of NHC). Ten patients died from liver disease (17% of deaths

in this group). In contrast, when considering the entire cohort, deaths

due to liver disease occurred in 140 patients (20%), and a further 45

(6.5 %) underwent liver transplantation (Fig. 1b).

4. Discussion

In this multi-center international cohort of histologically charac-

terized ALD, the incidence of NHC was considerably higher than HCC.

The most common NHC was lung cancer and colorectal cancers, fol-

lowed by cancers of the head and neck. The risk factors most associ-

ated with an increased risk of NHC were increasing age, current and

former smoker status, and the presence of cirrhosis.

The International Agency for Research on Cancer deems alcoholic

beverages carcinogenic to humans but continue to be consumed

around the world and is imbedded in various cultures posing a signif-

icant threat to those with concomitant liver disease. Based on a popu-

lation of 7.8 billion and a reported estimated 19.3 million incident

cancers worldwide, the international cancer incidence was 0.25 %/

year in 2020. When accounting for hepatic cancers, the incidence of

NHC worldwide in 2020 was 0.24 %/year [13]. The incidence of diges-

tive tract, lung, and head and neck cancer in our cohort was 22%,

22 %, and 17%, respectively, over a median follow-up of 4.7 years.

Fig. 2. Rates of Non-Hepatic Cancers in Histologically Characterized ALD.

Table 2

Unadjusted and adjusted hazard ratios for NHC using a competing risk model (Fine-Gray regression).

levels SDH (univariable) SDH (multivariable)

Age Mean (SD) 1.05 (1.02-1.08, p=0.003) 1.03 (1.00-1.06, p=0.043)

Gender Female - -

Male 1.62 (0.80-3.30, p=0.180) -

BMI1 Mean (SD) 1.01 (0.94-1.10, p=0.710) 1.00 (0.91-1.10, p=0.970)

Diabetes at baseline No - -

Yes 1.82 (0.70-4.69, p=0.220) -

Smoking A. Non-smoker - -

B. Ex-smoker 6.16 (2.09-18.21, p=0.001) 5.36 (1.83-15.72, p=0.002)

C. Current smoker 4.29 (1.52-12.08, p=0.006) 4.00 (1.41-11.33, p=0.009)

Cirrhosis No - -

Yes 1.60 (0.80-3.17, p=0.180) 1.60 (0.79-3.23, p=0.190)

MELD2 Mean (SD) 0.98 0.93-1.04, p=0.530) -

1 BMI: body mass index
2 MELD: model for end stage liver disease
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This highlights the importance of alcohol cessation in those with ALD,

and possibly in those with chronic liver diseases of other etiologies.

With this, it is prudent to provide timely alcohol cessation education

and substance abuse resources [14].

Approximately 80% of individuals who have an alcohol use disor-

der are also smokers, and we identified individuals with former or

current status of smoking had a higher risk of developing NHC in

those with ALD, especially the upper aerodigestive tract [12,15].

Smoking is associated with the introduction of nitrosamines and

other carcinogenic substances into the body through the respiratory

system and may result in DNA alteration and/or inflammatory

changes [16]. However, there is little literature on the combined

effect of alcohol and smoking in other sites, and this is one of the first

studies showing the multiplicative effects of alcohol and smoking

affecting other body sites such as the genitourinary, breast and hema-

tologic systems. Future work will need to delineate if there are spe-

cific alcohol and smoking consumption cut-off risks for varying

cancers as tobacco and alcohol may have different biological mecha-

nisms on tissues/organ groups [17−20]. In addition, studying the

interaction of cirrhosis due to systemic effects of chronic inflamma-

tion leading to a pro-carcinogenic effect, immune dysfunction leading

to weaker immune surveillance, altered metabolism leading to oxida-

tive strees, and gut dysbiosis allowing carcinogens to cross the blood-

stream need to be further modelled in this complex interplay.

Nevertheless, given the association of NHC with former and current

smoking status, smoking cessation with patient education, non-phar-

macologic and pharmacologic means is recommended to reduce the

overall risk of NHC development as these are modifiable risk factors.

However, it is currently unclear whether this belongs in the realm of

care of the hepatologist or primary care provider, or both.

The strength of our study includes objective measures of analysis

in the determination of ALD along with the multicenter collaboration

representing a diverse group of patients. However, our study is not

without limitations. Our data was limited by data completeness or

not being captured in specific categories (ex. reason for biopsy). This

may be due to a lack of available data due to a lack of biochemical

analysis at the time of care of the patient and/or a lack of charting at

the point of care or omission and may have resulted in selection bias.

Also, our median follow-up duration was 4.9 years, and although it is

a significant follow-up, it may affect the true incidence of hepatic and

NHC given the slow-progressing nature of the disease. There also

could be an increasing number of NHCs reported in the patients we

identified in the years following our data sampling and analysis. If

this is true, this would further support the importance of alcohol ces-

sation, not only for the reduction of liver disease and its complica-

tions but also for NHC development risk.

5. Conclusions

Patients with biopsy-confirmed ALD are at an increased risk of

NHCs. Along with alcohol cessation, patients should be counselled

and supported in the goal of smoking cessation as this would

improve morbidity and mortality.
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