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Summary
Primary liver cancer, of which hepatocellular carcinoma (HCC) represents the vast majority, is on the rise globally. 
Despite an expected decrease in viral hepatitis-related HCCs, the number of new cases and deaths from liver cancer 
is predicted to increase by over 30% in 2050 in Europe. This is largely driven by an increase in metabolic 
dysfunction-associated steatotic liver disease-related HCC and an aging population. Since HCC usually develops in 
patients with underlying chronic liver disease, over half of all cases appear to be preventable by targeting modifiable 
risk factors. This series paper summarizes epidemiological and etiological trends of HCC in Europe and their 
implications for the clinical management of HCC across different disease stages. We discuss public health initia-
tives and policies to counteract the rising incidence of HCC by focusing on prevention, and highlight additional 
benefits of etiological treatment for the management and prognosis of patients with HCC.

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
Primary liver cancer, of which hepatocellular carcinoma 
(HCC) accounts for 75%–85% of the cases, represents

the third leading cause of cancer-associated mortality, 
resulting in almost 900,000 deaths globally in 2022. 1 

While the majority of incident liver cancer cases are 
observed in Africa and Asia, around 62,000 new cases 
were diagnosed and around 54,000 patients died from 
liver cancer in Europe in 2022. 2 In contrast to other 
cancer types, the number of cases of liver cancer is 
predicted to increase globally, mainly as a result of an 
aging and growing population and an increasing 
number of patients with metabolic liver diseases. 3 The 
Lancet Commission on liver cancer, a panel of global 
clinical and public health experts, estimated that at least
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60% of liver cancers, particularly HCC, are preventable 
by targeting modifiable risk factors (e.g., viral hepatitis, 
alcohol and metabolic comorbidities). 4

While effective antiviral therapies are widely available 
in Europe and some countries are on track to achieve the 
World Health Organization (WHO) target of hepatitis C 
virus (HCV) elimination by 2030, substantial regional 
disparities in screening and micro-elimination pro-
grammes persist, limiting the impact of these efforts on 
reducing HCC incidence. 5 Furthermore, the global rise in 
alcohol-related liver disease and metabolic dysfunction-
associated steatotic liver disease (MASLD; previously 
called non-alcoholic fatty liver disease (NAFLD)) out-
weighs the reduction in viral hepatitis-related HCC 
cases. 4,6 This is associated with a significant change to-
wards a higher number of cases with non-cirrhotic HCC 
associated with MASLD, which are frequently diagnosed 
at later stages as structured screening programs in non-
cirrhotic patients have not been established yet. 7

In this series paper, we summarize epidemiological 
trends of HCC, their underlying etiological causes, as 
well as their implications for the management of HCC 
in Europe. Moreover, we discuss public health initia-
tives and policies to counteract the rising incidence of 
HCC by focusing on prevention.

Epidemiology of HCC in Europe
Global age-standardized liver cancer incidence rates are 
highly region-specific and vary between 2.6 and 10.1 per

100,000, with a strong male predominance (Fig. 1). Not 
only globally, but even in Europe, age-standardized 
incidence rates vary significantly, with the highest 
rates observed in Southern Europe (3.1 and 9.7 per 
100,000 in females and males, respectively) and the 
lowest rates in parts of Northern and Eastern Europe 
(2.5 and 6.6 per 100,000 in females and males, respec-
tively). 1,8 Despite growing awareness and health system 
improvements, liver cancer incidence (Fig. 1) and 
mortality (Fig. 2) in Europe have significantly increased 
by an average annual percentage change (AAPC) of 
1.05% from 1990 to 2021. 9 These numbers are well 
above the reported global AAPC of 0.12%, 9 constituting 
liver cancer development in Europe as a real problem. 10

Epidemiological trends in Europe
As the majority of incident HCC cases develop in the 
setting of advanced chronic liver disease, 11 the epidemi-
ology of HCC in Europe is strongly correlated with 
changes in the prevalence and treatment of the under-
lying liver diseases. 4 In the absence of harmonized pan-
European, population-based registry data with detailed 
information on the underlying etiology of liver disease, 
this review utilises Global Burden of Disease (GBD) es-
timates to provide a Europe-wide overview on etiological 
trends. 3 Additionally, we discuss the available direct evi-
dence including three population-wide studies from 
Sweden, the Netherlands and Madeira 12–14 as well as 
several tertiary referral cohorts and single-center reports

Key messages

- HCC incidence in Europe is rising due to an increase in HCC related to MASLD, persistently high alcohol consumption, and an aging population.
Meanwhile viral hepatitis-related HCC is declining in several countries.

- Optimal screening and treatment strategies remain challenging given the increasing proportion of non-cirrhotic HCC.
- Etiological therapy may prevent HCC development, improve liver function and even lead to recompensation. This allows patients who were previously 
ineligible due to poor liver status to become candidates for anti-tumor treatments.

- More than half of HCC cases are potentially preventable, yet preventive measures remain critically under-implemented at a population level.

Key recommendations

• Encourage coordinated European HCC prevention strategies focusing on the detection and control of viral hepatitis, reduction of alcohol-related harm, 
improvement of metabolic health and tobacco control.

• Improve alcohol-control policies, including minimum unit pricing, adequate taxation, restrictions on availability and marketing, cancer-warning labels 
and access to screening and treatment for alcohol use disorder.

• Improve metabolic health at the population-level by taxation of unhealthy foods and drinks, reducing the availability and marketing of unhealthy/ 
ultra-processed foods while improving access to healthy, minimally processed foods and physical activity.

• Implement liver health pathways in primary care including screening for the presence of liver fibrosis, metabolic risk management, testing for viral 
hepatitis and establishment of referral networks.

• Prioritize evidence-based HCC surveillance programmes; surveillance in high-risk patients with non-cirrhotic MASLD should be individualized, and 
research should be promoted to inform the development of structured surveillance programmes.

• Integrate liver health explicitly into European health policies, with sustainable funding for prevention, screening and multidisciplinary care of liver 
cancer.

• Strengthen the European evidence base for emerging treatment strategies such as multidisciplinary pre-habilitation and neoadjuvant immunotherapy 
prior to surgical therapies in patients with HCC.
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from different European countries. 12,14–22 Importantly, 
Global Burden of Disease (GBD) estimates are indirect 
and assumption-dependent, and should not be inter-
preted on the same evidence level as primary population-
based cohorts. 3

GBD estimates suggest that chronic HCV infection 
accounted for ∼41% of HCC cases in Europe in 2019. 23 

These proportions are expected to decline due to the 
impact of highly effective direct-acting antivirals (DAA) 
and local micro- and macro-elimination programs. 24 

GBD also suggests modest declines in HBV-associated 
HCC as a result of childhood HBV vaccination pro-
grams that have been established in 27/30 EU/European 
Economic Area (EEA) countries. 25 While those HBV 
elimination programs are expected to further reduce the

number of HBV-associated HCC cases in the future, 
concomitant MASLD increases HCC risk in HBV-
positive individuals. 26 Furthermore, a significant pro-
portion of patients with chronic HBV and HCV infection 
remains undiagnosed, resulting in a substantial pool of 
patients at risk of progressing to liver cirrhosis and liver 
cancer. 27 Hepatitis D virus (HDV), a rare but highly 
aggressive form of chronic viral hepatitis, also persists in 
hotspots across Eastern Europe and the Mediterranean 
basin. 28 HDV co-infection accelerates progression to 
cirrhosis and substantially increases HCC risk, 28 under-
scoring the need for systematic HDV testing of all in-
dividuals with chronic HBV infection.

GBD data also indicate that alcohol consumption-
associated HCC incidence remains very high in

Fig. 1: Incidence (age-standardized rate [ASR] per 100,000) of liver cancer in Europe in 2024 (Data extracted with permission from 

Ferlay J. et al. Global Cancer Observatory: Cancer Today (version 1.1). 2024 8 ).

Fig. 2: Mortality (age-standardized rate [ASR] per 100,000) of liver cancer in Europe in 2024 (Data extracted with permission from 

Ferlay J. et al. Global Cancer Observatory: Cancer Today (version 1.1). 2024 8 ).
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Europe and accounts for around 35–50% of overall 
HCC cases—the highest proportion worldwide. 14,29 

While robust data on absolute changes in incident 
cases are scarce, the most worrisome proportional 
changes in HCC epidemiology in Europe are charac-
terized by a rapid increase in HCC cases due to MASLD 
and metabolic dysfunction-associated steatohepatitis 
(MASH; previously called non-alcoholic steatohepatitis 
(NASH)). The strongest increases have been projected 
in Western, Southern and Eastern Europe. 3,9,30 Impor-
tantly, these projections primarily reflect changes in 
etiologic fractions and modeled incidence rates and 
should therefore not be interpreted as direct measure-
ments of the current population risk.

Population-based registries and tertiary referral co-
horts support the GBD-derived trends, although the 
exact etiologic proportions often differ between model-
based estimates and empirical data. While strong de-
clines in the proportion of HCV-associated HCC have 
been reported in studies from Spain and Italy, 17,18 no clear 
declines have recently been observed in reports from 
Sweden, where every fifth HCC was related to HCV. 12 

Despite a persistently high HCV burden in Romania, 15 

HCV elimination efforts have already translated into a 
strong decline in the proportion of HCV-associated liver 
transplantations in the European region. 31

Direct European data confirm modest declines in 
HBV-related HCC with relatively low levels in Northern 
and some Southern European countries and slight de-
creases in HBV-associated liver transplantations. 13,18,31 

Nevertheless, HBV-associated HCC remains a relevant 
concern in Madeira, Romania and Slovakia. 14–16 

Considering the overall case load, alcohol-related 
liver disease remains the leading etiology of liver dis-
ease in the majority of European countries 24 with age-
standardized alcohol-related HCC incidence rates 
remaining relatively stable over the last decade. 29 Ac-
cording to data from several European countries such 
as France, Austria, Germany, Slovakia and Madeira, up 
to every second HCC case is related to harmful alcohol
abuse. 14,16,19–21

In line with GBD estimates, metabolic liver disease 
associated HCC is strongly increasing across Europe 
and has even become the leading cause of HCC in 
some European countries, such as Sweden, even sur-
passing viral hepatitis. 12 This trend is not only observed 
in countries where MASLD-associated HCC has always 
been a relevant problem, but also in countries such as 
Spain, where the proportion of HCC related to meta-
bolic syndrome has been low. Longitudinal data from a 
Spanish multicenter registry found that the proportion 
of HCC attributed to liver disease related to the meta-
bolic syndrome increased from 4.9% in 2008/2009 to 
24% in 2022/2023 with the actual case number 
increasing from 21 to 118 in the participating centers 
over the same period. 18 Concomitantly, the rate of non-
cirrhotic HCC is also increasing. 18,22

European trends in a global context
In line with the European situation, marked regional 
differences in HCC etiology are also observed outside of 
Europe. In the United States, HCV historically domi-
nated the HCC landscape, but following the widespread 
use of DAA treatment its contribution to HCC-related 
liver transplantation fell by nearly half while at the 
same time, there has been a marked shift toward 
alcohol-related and metabolic liver disease. 32 In South 
America, MASLD/MASH-related HCC has quadrupled 
over the last decade and already represents the most 
important underlying cause of liver disease in patients 
with HCC accounting for more than one third of cases 
overall. 33 In contrast, HBV remains the predominant 
etiology of liver disease in most Asian countries with 
the exception of Japan, where HCV dominates and the 
proportion of MASLD-related HCC is rising, mirroring 
the global trend towards metabolic liver disease. 34

Population mobility, viral hepatitis and HCC risk
Population mobility contributes to Europe’s changing 
liver disease epidemiology, but migration itself is not an 
intrinsic HCC risk factor. Risk is shaped by country and 
region of birth, age and route of viral hepatitis acqui-
sition, infection duration, metabolic exposures, and 
access to prevention and care. 6 As of January 2025, 46.7 
million people (10.4% of the EU population) were born 
outside the EU, including nearly 30 million non-EU 
citizens. 35 Within this demographic context, an earlier 
ECDC epidemiological assessment estimated that mi-
grants account for 25% of chronic HBV and 14% of 
chronic HCV infections in the EU/EEA, 36 highlighting 
the substantial relative burden of chronic HBV among 
migrant populations. A recent modeling study esti-
mated that, in 2024, 1.73 million people were living 
with chronic HBV and 1.03 million with chronic HCV 
in the EU-27. 37 This substantial burden of chronic viral 
hepatitis contributes to population-level HCC risk, 
which is further influenced by age and route of acqui-
sition, duration of infection, fibrosis stage, metabolic 
cofactors, and access to diagnosis and treatment. People 
born in regions in sub-Saharan Africa and Asia, where 
HBV is highly endemic are more likely to have acquired 
infection perinatally or during early childhood, result-
ing in prolonged chronic infection and an increased 
lifetime risk of cirrhosis and HCC. 38 In Europe, HCC 
mortality has been reported to be four-to-five times 
higher in some foreign-born groups than in native-born 
populations and approximately threefold higher among 
foreign-born women. 38 In a multicentre European 
cohort of sub-Saharan African and Afro-Surinamese 
individuals with chronic HBV, the 10-year cumulative 
HCC incidence was 2.4% overall but reached 12.1% 
among those with advanced fibrosis. 39 In this context, 
the relative contribution of underlying liver diseases 
differs across populations. While MASLD and alcohol-
related liver disease account for an increasing
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proportion of HCC, chronic viral hepatitis remains a 
major cause among people born in countries where 
HBV or HCV is highly endemic. 30,40

Metabolic exposures after relocation may further 
modify HCC risk. Evidence from an umbrella review 
suggests that longer duration of residence in high-
income countries is associated with increasing obesity 
risk, 41 although Europe-specific longitudinal evidence 
remains limited. Dietary change associated with accul-
turation, together with food insecurity and socioeco-
nomic disadvantage, may further increase metabolic 
risk. 41 A European systematic review and meta-analysis 
reported higher odds of type 2 diabetes among South 
Asian (odds ratio [OR] 3.7), and Middle East and North 
African populations (OR 2.7) than among host European 
populations. 42 When the resulting metabolic dysfunction 
coexists with chronic viral hepatitis, viral and dysmeta-
bolic pathways may interact to amplify HCC risk. 4

Structural barriers to screening, treatment, and HCC 
surveillance remain particularly important for refugees, 
asylum seekers, and undocumented people. Legal pre-
carity, language barriers, stigma, and limited culturally 
adapted services may contribute to delayed HCC diag-
nosis and reduced access to care. 6 Swedish cohort data 
showed that HCC incidence exceeded the threshold 
considered sufficient to justify surveillance in Asian men 
with chronic HBV aged 40–49 years and in men from 
other regions of origin aged 50–59 years. After excluding 
individuals with cirrhosis or previous antiviral treatment, 
HCC incidence remained above this threshold in Asian 
men aged 40–49 years. 43 These findings support

equitable HBV/HCV testing, universal access to antiviral 
treatment irrespective of legal status, risk-based HCC 
surveillance, particularly for those with cirrhosis or dia-
betes, and culturally adapted metabolic prevention 
within comprehensive care strategies as core compo-
nents of universal health coverage. 6,44

Implications of etiological trends on 
management of HCC
The evolving epidemiology of HCC in Europe has 
important implications for clinical management 
including the identification of populations eligible for 
surveillance and the management of early, intermediate 
and advanced stage HCC.

Defining populations at risk for HCC surveillance
The exact target population for HCC surveillance as 
well as the optimal surveillance modalities are 
increasingly being questioned in the context of the 
evolving epidemiology. In the past, surveillance was 
universally recommended for patients with established 
cirrhosis, excluding those with severely impaired liver 
function or comorbidities precluding treatment. 11 This 
approach was justified because HCC was strongly 
associated with cirrhosis, mainly driven by chronic 
HCV infection and alcohol-related liver disease. How-
ever, up to 40% of MASLD-related HCCs develop in the 
absence of cirrhosis. 45 Panel 1 summarizes populations 
at risk for HCC, together with proposed surveillance 
strategies and their limitations.

Panel 1: Populations at risk for HCC and proposed surveillance strategies.

Patients with MASLD and cirrhosis should be submitted to surveillance, provided they are theoretically eligible to receive 
effective treatment, but it is largely unclear which non-cirrhotic MASLD patients should undergo surveillance. Indeed, 
surveillance is generally not recommended for patients who have not reached the stage of cirrhosis yet, since evidence of cost-
effectiveness is lacking. Several predictive models have attempted to identify high-risk subgroups 46 and an individualized 
consideration whether or not to start surveillance could be applied to patients without cirrhosis, but with severe fibrosis (usually 
those with liver stiffness >10 kPa) and additional risk factors for HCC development such as diabetes mellitus, older age, male 
gender, and decreased platelet count. 47 Surveillance could become reasonable under these circumstances. However, even in 
MASLD patients with advanced fibrosis (F3), annual HCC incidence often does not consistently exceed the 0.5–0.7% yearly 
threshold generally considered necessary to justify cost-effective surveillance. 48

A second major issue concerns patients with cured HCV cirrhosis. Recent cost-effectiveness analyses suggest that surveillance 
may be discontinued if annual HCC incidence falls below 0.7%, 49 but current studies have not reliably identified which patients 
fall below this risk level. 50 Moreover, risk factors such as aging or superimposed MASLD may accumulate over time, making it 
difficult to determine when surveillance can safely be stopped or should be resumed. Patients with effectively treated HBV but 
concomitant cirrhosis should continue surveillance indefinitely. 11 In non-cirrhotic HBV patients, surveillance initiation is largely 
guided by validated risk scores. 51 Conversely, in patients with cured HCV without cirrhosis, surveillance is generally not 
recommended. 11

Ultrasound every six months, with or without alpha-fetoprotein (AFP), remains the standard surveillance modality. Reintroduction 
of AFP has gained renewed relevance because viral inflammation is now largely controlled, reducing false-positive rates. 11 

Importantly, ultrasound reports should document liver explorability in a standardized manner, such as the Liver Imaging Reporting 
and Data System (LI-RADS) visualization score. 52 Patients with poor visualization—common in those living with obesity and/or 
MASLD—may require alternative imaging modalities such as abbreviated magnetic resonance imaging (MRI). 53
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Management of early-stage HCC
The etiological shift towards MASLD has multifaceted 
implications for the management of patients with HCC 
who are surgical candidates. 11 Patients with MASLD-
related HCC frequently present with complications of 
the metabolic syndrome, which collectively increase 
perioperative risk and have been identified as inde-
pendent predictors of major complications after hep-
atectomy. 54 Therefore, pre-operative assessment 
should systematically address the metabolic and car-
diovascular conditions most consistently associated 
with postoperative morbidity and graft loss 55 : glycemic 
control, since diabetes predicts both waitlist dropout 
and post-transplant graft failure; cardiovascular risk 
stratification, given that major adverse cardiac events 
are a leading cause of early post-transplant mortality 
in this population; and body composition, since sar-
copenic obesity rather than body mass index alone 
drives adverse surgical outcomes. 56 Structured multi-
disciplinary prehabilitation pathways integrating 
hepatology, surgery, cardiology, diabetology, and 
nutrition may allow modifiable risk to be reduced 
before surgery and candidacy to be assessed more 
accurately, with direct implications for transplant 
prioritization policies. 57 Moreover, minimally invasive 
liver surgery (MILS) significantly reduced major 
complications and post-hepatectomy liver failure in 
patients with metabolic syndrome compared with 
open surgery. 54,58

MASLD-related HCC in a non-cirrhotic liver with 
preserved hepatic functional reserve may favor candi-
dacy for resection. 45 However, transplantation in can-
didates with MASLD-related cirrhosis introduces 
specific challenges. Patients with MASLD without HCC 
had a significantly increased risk of waitlist death/ 
dropout driven by liver-related events and a lower 
probability of reaching transplantation. 59 US registry 
data confirmed that MASLD and alcohol-related liver 
disease had the highest waitlist dropout rates among 
HCC candidates, with pre-transplant diabetes emerging 
as a key predictor of both waitlist dropout and post-
transplant graft failure. 60 Nevertheless, a recent meta-
analysis found comparable post-transplant overall 
survival and disease-free survival between MASLD-
related HCC and other aetiologies, suggesting that 
carefully selected MASLD patients should not be denied 
transplantation. 61

Despite being more often diagnosed at later 
stages—owing to the lack of systematic surveillance in 
the non-cirrhotic population—MASLD-related HCC 
appears to have a less aggressive biological phenotype 
with better long-term overall survival and fewer re-
currences after liver resection for metabolic syndrome-
related HCC than for HCV-related HCC. 62,63 However, 
recurrence and de novo carcinogenesis remain sub-
stantial concerns, especially when high-risk lesions are 
considered for resection. In this regard, the emerging

landscape of perioperative immunotherapy is poised to 
reshape the management of resectable HCC. The 
CARES-009 phase 2/3 randomized controlled trial 
(RCT) showed that perioperative camrelizumab plus 
rivoceranib significantly improved event-free survival 
compared with surgery alone in patients at 
intermediate-to-high risk of recurrence. 64 However, 
these results cannot readily be transferred to the Eu-
ropean setting. The trial population was almost entirely 
Han Chinese (99%) and HBV infection was the pre-
dominant etiology (76% of patients), whereas only 5% 
had MASLD-related HCC. Given the influence of eti-
ology on both tumor biology and patient characteristics 
discussed above, the efficacy and safety of this periop-
erative regimen in MASLD- and alcohol-related HCC 
that increasingly account for resectable disease in 
Europe remain essentially untested. Dedicated studies 
enrolling European populations, and the routine 
reporting of etiology-specific outcomes, are therefore 
needed before perioperative immunotherapy can be 
adopted in this setting.

Management of intermediate-advanced stage HCC
The shift in HCC etiology towards MASLD is accom-
panied by an increasing burden of obesity, diabetes, 
hypertension, and cardiovascular disease, all of which 
may influence optimal treatment choices in 
intermediate-advanced HCC. In particular, significant 
cardiovascular risk profiles may affect the safety of 
therapies targeting the vascular endothelial growth 
factor (VEGF) pathway, such as bevacizumab or 
multityrosine-kinase inhibitors, which are associated 
with hypertension, thromboembolic events, cardiac 
complications, and an increased bleeding risk. 65,66 

Thus, in patients with relevant cardiovascular comor-
bidities, dual immune checkpoint blockade with pro-
grammed cell death protein 1 (PD-1) or programmed 
death-ligand 1 (PD-L1) inhibitors combined with cyto-
toxic T-lymphocyte–associated protein 4 (CTLA-4) 
blockers might be the regimen of choice. 67 In addition, 
the age of patients diagnosed with HCC in Europe is 
increasing, 3 resulting in a population with greater 
frailty and multimorbidity affecting eligibility for 
treatment. On the other hand, the more preserved 
hepatic function observed in MASLD-associated HCC 
may facilitate the (repeated) use of locoregional 
therapies.

Increasing attention has been directed towards the 
potential influence of HCC etiology on response to 
systemic therapies. Preclinical models of HCC arising 
in the context of MASH have identified dysfunctional, 
activated PD-1-expressing T cells that may promote 
hepatocarcinogenesis while potentially impairing anti-
tumor immune responses. 68 These findings have raised 
the hypothesis that the growing proportion of MASLD-
related HCC could influence the effectiveness of 
immunotherapy at the population level. However,
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evidence from clinical trials has not consistently 
confirmed a clinically meaningful association between 
liver disease etiology and the efficacy of immune 
checkpoint inhibitors. 69 Accordingly, despite ongoing 
biological interest, the underlying liver disease etiology 
is currently not used to guide patient selection for im-
mune checkpoint inhibitor-based therapy in clinical 
practice. 11

Benefits of etiological treatment for HCC risk 
and management
Patients with an ongoing liver disease (i.e., untreated 
viral hepatitis or MASLD) have a higher incidence of 
HCC than individuals whose liver disease has been 
cured or effectively suppressed. 70 Successful treatment 
of the underlying liver disease can lead to regression of 
fibrosis and even cirrhosis—the main risk factor for 
HCC—which has been particularly well documented in 
chronic viral hepatitis, 71,72 and is associated with a 
reduced risk of HCC. 73

For instance, in a five-year open-label follow-up 
study including patients with chronic HBV receiving 
tenofovir, 176 (51%) of 348 patients with biopsies at 
both baseline and week 240 showed regression of 
fibrosis, and cirrhosis resolved in 71 (74%) of 96 pa-
tients with cirrhosis at baseline. 71 According to a sys-
tematic review, viral suppression in chronic HBV and 
sustained virological response (SVR) in chronic HCV 
were associated with histological regression of cirrhosis 
in 66% (range, 62–74%) and 56% (range, 24–83%) of 
patients, respectively. 72 More recently, emerging treat-
ments for MASH and primary sclerosing cholangitis 
achieved higher fibrosis improvement rates on histol-
ogy compared with their respective placebo control 
arms, 74,75 but their long-term effects are yet unknown.

Since portal hypertension is linked to liver fibrosis, 
etiological treatment that regresses fibrosis ameliorates 
portal hypertension, reduces the risk of decompensa-
tion, and promotes recompensation in patients with 
decompensated cirrhosis (Fig. 3A). 76,77 Recompensation 
is clinically defined as resolution of any form of 
decompensation even after discontinuation of specific 
therapy (i.e., off diuretics, lactulose and rifaximin), 78 

and stable improvement of liver function following 
the removal of the underlying etiological trigger (cure 
or suppression) (Fig. 3B). According to a recent meta-
analysis, etiological cure or control resulted in recom-
pensation in approximately one-third of patients with 
decompensated cirrhosis, with the highest prevalence 
being observed in patients with viral etiologies. Rec-
ompensation is associated with a reduced risk of HCC 
and mortality. 77

Preserving or optimizing hepatic function by treat-
ment of an underlying liver disease is highly relevant 
for the management of patients with HCC, as treatment 
selection and prognosis are closely related to liver

function. 79,80 Except for liver transplantation, all rec-
ommended therapeutic options for HCC require well-
preserved, compensated hepatic function, 11,79 and 
impaired baseline liver function and its deterioration 
during treatment are both associated with worse sur-
vival. 81,82 Indeed, successful treatment of HCV during 
systemic therapy with atezolizumab plus bevacizumab 
was independently associated with reduced risk of 
decompensation and mortality in a recently published 
retrospective multicenter study. 83 Recompensation in 
patients with HCC may reopen the door for systemic or 
even curative therapies, as demonstrated by two 
recently published multicenter, cohort studies. 84,85 

Beyond its beneficial effects on hepatic function, etio-
logical treatment may also reduce the risk of recurrence 
in patients with HCC undergoing curative therapy. 86 

This effect likely reflects a reduction in late recur-
rence, which is related to the underlying liver disease 
rather than true metastasis. 87

Public health initiatives and policies to prevent 
liver disease and its progression
A large proportion of liver disease and liver cancer is 
preventable through coordinated public health action 10 

targeting preventable or treatable risk factors. 4 There 
is a growing shift in the focus from the current 
emphasis on the management of end-stage liver disease 
complications to prevention, pro-active case-finding, 
early identification of progressive liver fibrosis, and the 
timely initiation of treatment. 10,24 However, liver disease 
is frequently asymptomatic until end-stage liver disease 
has developed, and is generally overlooked at the po-
litical level and in resource allocation, as compared to 
other non-communicable diseases. 6,10 This leads to 
substantial gaps in the implementation of preventive 
interventions and population-level policies that should 
mitigate the social, commercial, and environmental 
determinants of health that drive key causes of liver 
disease (Table 1). 4,10 Moreover, marked inequities 
persist across the prevention and care continuums, 
disproportionately affecting vulnerable and marginal-
ized populations exposed to liver cancer risk factors. 4,6 

Other barriers include heterogeneity in healthcare sys-
tems across countries, competing healthcare priorities, 
and the limited availability of multidisciplinary care. 
The availability of diagnostic tests and effective treat-
ments also influences the successful implementation of 
clinical care pathways. Furthermore, delivering multi-
disciplinary care remains challenging, as access to 
specialists from different disciplines within the same 
healthcare setting is often limited, resource-intensive, 
and constrained by inadequate reimbursement for ser-
vices such as dietary counseling and exercise in-
terventions. 24,88 Early detection of progressive liver 
disease requires moving away from traditional, frag-
mented hepatology services towards integrated care
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models that embed both liver disease prevention and 
management within broader health-care delivery that 
focuses on common risk factors. 24 In addition, there is 
variability across Europe in different primary care 
health system structures and financing models, and 
in the way they play a coordinating role in health 
promotion and secondary prevention or early treat-
ment of chronic disease. Integrating chronic liver 
disease treatment into this coordinating role is 
currently poorly established in most global settings, 
in contrast to the established primary care-led man-
agement of other chronic diseases. Optimizing pri-
mary care management in prevention and early 
detection of liver disease, and establishing defined 
detection and management pathways across the pri-
mary and secondary care interface, needs to be a key 
part of tackling the increasing burden of liver disease. 
Seeing chronic liver disease as part of multimorbidity 
management in patients who are marginalized and 
those with complex health and social care needs 
should also be highlighted as key to good holistic 
primary care. 89

While universal HBV vaccination is the most effec-
tive intervention to reduce HCC burden, coverage in 
Europe remains incomplete, particularly among at-risk 
adult populations, because payers underestimate long-

term benefits relative to upfront costs and underinvest 
in screening and awareness campaigns as well as 
primary-care training, 24 resulting in preventable 
deaths. 10 As previously mentioned, in Western and 
Northern Europe, chronic HBV disproportionately af-
fects migrants from intermediate- and high-prevalence 
regions, who often face structural, linguistic, and legal 
barriers to timely diagnosis and long-term care. 90 HCV 
transmission is concentrated mainly among people 
who inject drugs, for whom stigma, criminalization, 
and fragmented services limit access to harm reduction 
and curative therapy. 91 The Action Plan for the Health 
Sector Response to Viral Hepatitis in the WHO European 
Region outlines the pathway to eliminate HBV and HCV 
as public health threats by 2030 through universal 
vaccination, expanded testing, linkage to care, and in-
tegrated service delivery. 92 Achieving these targets will 
require sustained political commitment, decentralized 
care models, equity-oriented policies, and the imple-
mentation of integrated liver care with risk-stratified 
HCC surveillance.

Obesity has been repeatedly demonstrated to be an 
independent risk factor for HCC. 93 Additionally, an 
unhealthy dietary composition characterized by high 
saturated fat, 94 red and processed meat, 95 high sugar or 
sugar-sweetened beverages, 96 has also been suggested

A

B

Fig. 3: Potential benefits of etiological treatment. A) Biological effects of etiological treatment and their influence on clinical outcomes. B) 
The concept of recompensation in patients with decompensated cirrhosis. The figure was created using Mind the Graph (www.mindthegraph. 
com). Abbreviations: CSPH, clinically significant portal hypertension; EVL, endoscopic variceal ligation; HBV, hepatitis B virus; HCC, hepa-
tocellular carcinoma; HCV, hepatitis C virus; HE, hepatic encephalopathy; INR, International Normalized Ratio; NSBB, non-selective beta 
blockers.
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to be related to an increased HCC risk, although with 
varying levels of evidence. In contrast, a healthy dietary 
pattern like the Mediterranean diet, as well as regular 
physical activity are associated with reduced risk of 
HCC. 97,98 The World Cancer Research Fund/American

Institute for Cancer Research Expert Report, last 
updated in 2018, found strong evidence that alcohol 
consumption and body fatness increase risk while cof-
fee consumption decreases risk for liver cancer, but 
there was less convincing evidence for other foods. 99

Risk factor Public health and policy interventions Potential barriers for implementation

Cross-
cutting

• A top-down, government-led multisectoral collaboration on liver cancer prevention
• Sustained political commitment and financing for prevention programs
• Health education in the community
• Implementing the WHO Best Buys
• Integrated liver care, use of digital health systems and registries for surveillance 

and monitoring
• Risk-stratified HCC surveillance
• Policies addressing health inequities and access to care
• Workforce training and capacity building in hepatology and public health
• Engagement of clinicians and patient organizations, to support effective public 

health policies

• Liver disease often remains asymptomatic until advanced stages, 
which contributes to late diagnosis

• Liver disease is frequently overlooked by policy-makers, as 
compared to other NCDs

• Low public awareness of liver disease risk factors
• Insufficient funding and resource allocation
• Weak implementation of population-level preventive policies
• Social, commercial, and environmental barriers
• Structural, cultural, and legal barriers affecting migrants and 

marginalized communities
• Limited training of healthcare workers in liver disease prevention 

and management
Hepatitis B • Universal HBV vaccination, including birth-dose vaccination

• Maternal HBV screening during pregnancy and neonatal prophylaxis
• Expanded population-based HBV screening, particularly in high-risk groups
• Improved linkage to care and long-term monitoring
• Increased access to effective antiviral therapies
• Integration of HBV testing within primary care and community health services
• Community outreach and targeted programs for migrant populations
• Strengthening surveillance systems for HBV infection
• Public awareness campaigns to reduce stigma and increase testing

• Low vaccination coverage in some regions and countries
• Limited HBV screening uptake
• Poor linkage to care after diagnosis
• Cost and limited availability of antiviral therapy in some settings
• Stigma and discrimination associated with HBV infection
• Barriers faced by migrants and underserved populations

Hepatitis C • Expanded HCV screening, including birth-cohort and risk-based testing
• Broad access to direct-acting antiviral treatment
• Simplified diagnostic algorithms (e.g., reflex testing)
• Integration of HCV services into primary care, addiction services, and prisons
• Harm-reduction strategies (needle-syringe programs, opioid substitution therapy)
• Community-based testing and decentralized treatment models
• National HCV elimination programs and strategies aligned with WHO targets

• High cost of treatment in some countries
• Limited access to screening and diagnosis
• Stigma towards high-risk populations
• Weak linkage to care after diagnosis
• Fragmented healthcare services

Hepatitis D • Systematic HDV testing of all individuals with chronic HBV infection
• Improved epidemiological surveillance for HDV prevalence
• Expanded access to novel antiviral therapies where available
• Education of healthcare providers regarding HDV diagnosis and management
• Integration of HDV screening within HBV care programs

• Socioeconomic barriers among high-risk populations (e.g., HBV-
infected migrants and people who inject drugs)

• Low awareness among clinicians and patients
• Limited access to HDV diagnostic testing
• Limited availability of effective treatments

MASLD • Recognize steatotic liver disease as a preventable NCD within the core NCD framework a

• Expand access to lifestyle modification programs
• Implement population-level nutrition policies (e.g., taxation of sugar-sweetened beverages, 

front-of-pack labeling, food reformulation, subsidizing fresh and minimally processed foods)
• Integrating routine food insecurity screening in clinical care
• Local and national policy to provide population-level physical activity opportunities and 

safe infrastructure
• National campaigns promoting culturally tailored healthy diets
• School-based healthy lifestyle interventions, with parental involvement
• “Food is Medicine” healthcare programs for food-insecure patients
• Social prescribing to connect individuals with nonmedical health-promoting resources (e.g., 

nutrition education and healthy cooking sessions, physical activity groups, etc.)

• WHO Best Buys do not address liver health specifically
• Industry resistance (deny, delay, doubt, divide)
• Lobbying of policy-makers by the food industry, leading to a lack 

of political will
• Public health campaigns cannot match the aggressive marketing 

and resources of industry
• Disproportionate marketing and availability of low-cost, un-

healthy ultra-processed food and beverages
• High cost of health-promoting programs and difficulties with 

sustainability
• Insufficient health insurance coverage for nutritional treatment 

and limited public healthcare resources to manage a highly 
prevalent liver disease

Alcohol and 
tobacco

• Expand alcohol and tobacco cessation programs
• Policy regulations on alcohol and tobacco access and marketing
• Mandatory warning labels including risk of cancer and liver disease
• Strengthen collaboration among health organizations to support alcohol harm reduction 

(e.g., European Health Alliance on Alcohol b ) and implement the WHO-recommended 
tobacco and alcohol control measures

• Industry lobbying of policy-makers, scientists and advocacy 
groups, leading to reduced political action

• Heavy marketing, including digital and weak enforcement of 
restrictions

• Marketing and sale of alcohol to children and adolescents, 
especially on social media and unsupervised purchases online

• Easy access to tobacco and alcohol in many countries

Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HDV, hepatitis D virus; MASLD, metabolic dysfunction-associated steatotic liver disease; NCD, 
noncommunicable disease; WHO, World Health Organization. a See the WHO draft resolution: “Liver Disease—A Missing Piece in the Global Noncommunicable Disease Response” https://apps.who.int/gb/ 
ebwha/pdf_files/EB158/B158_CONF7-en.pdf. b See the European Health Alliance on Alcohol (EHAA) website for more information https://alliance-ehaa.org/.

Table 1: Etiology-specific public health interventions and policies, and potential barriers for implementation.
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Therefore, policies that address the reduction of 
exposure to unhealthy food and alcohol, while 
increasing the availability and affordability of healthy 
foods (including among those with food insecurity), 
and physical activity are relevant for liver disease and 
HCC prevention. 6,100 The WHO best buys—policies that 
are evidence-based and cost-effective—are also highly 
relevant for liver disease prevention, 101 but continue not 
to name liver health, e.g., MASLD or MASH, 
specifically. 102 

To combat the high and increasing consumption of 
alcohol, the presence of country-wide public health in-
terventions, such as national action plans, minimum 
unit pricing (MUP), and restricted access, has yielded 
promising outcomes in reducing alcohol-related HCC 
incidence. 4 For example, an ecological multi-national 
study demonstrated that alcohol-related public health 
policies were inversely associated with alcohol use dis-
order prevalence, alcohol-related liver disease mortality, 
and alcohol-attributable HCC. 103 The HEPAHEALTH II 
microsimulation modeling study found that the most 
effective policy scenario to reduce liver cancer burden 
would be implementing an MUP of €1, followed by a

lower MUP of €0.70 combined with a volumetric 
alcohol tax, and a sugar-sweetened beverage tax. 104 

Furthermore, alcohol labeling, especially cancer risk 
warning, has been shown to have the potential to 
decrease consumption, 105 but this simple measure of 
mandatory label warnings about the link between 
alcohol and cancer and alcohol’s role in liver disease 
has not yet been implemented. 106 The WHO has 
developed a campaign to decrease harmful alcohol use, 
the SAFER Initiative: Strengthen restrictions on avail-
ability, Advance and enforce drink driving counter 
measures, Facilitate access to screening, brief in-
terventions and treatment, Enforce bans or compre-
hensive restrictions on alcohol advertising, 
sponsorship, and promotion, Raise prices on alcohol 
through excise taxes and pricing policies. 107 In addition, 
the WHO Regional Office for Europe developed a 
practical tool for advocacy—the “Alcohol policy playbook” 
designed for policy-makers, advocates, and public 
health professionals. 108 Although there is a wide agree-
ment among experts in the field about which measures 
are the most effective at reducing alcohol use, 109 effec-
tive lobbying of policy-makers by the alcohol industry

Fig. 4: Clinical implications of the evolving epidemiological and etiological landscape of hepatocellular carcinoma in Europe. Abbre-
viations: HCC, hepatocellular carcinoma; MASLD, metabolic dysfunction-associated steatotic liver disease; VEGF, vascular endothelial growth 
factor; TKIs, tyrosine kinase inhibitors.
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and a lack of political will are barriers to the imple-
mentation of these measures.

There are challenges in the implementation of 
healthy lifestyle habits needed for HCC prevention; 
access to high-quality nutrition is largely dictated by 
the immediate food environment, which is often 
driven by systemic inequity. 110–113 Ultra-processed food 
(UPF) and drinks (e.g., sugar-sweetened beverages) 
consumption varies across 22 European countries, with 
a share of dietary energy originating from UPFs 
ranging from 14 to 44%, 114 with some having increased 
consumption over time, such as Spain and the 
UK. 114–116 UPFs are usually characterized by high en-
ergy, salt, sugars, and saturated fat, but low in fiber 
content. Together, these foods contribute to a diet that 
contrasts with the Mediterranean dietary pattern, 98 and 
may increase the risk for HCC, although evidence for a 
direct association remains scarce and conflicting. 96 

However, UPF is related to HCC risk factors, 
including obesity, diabetes, MASLD and advanced liver 
disease. 115–119 Therefore, it is recommended to mini-
mize the consumption of UPF in several clinical 
guidelines, including those for MASLD, 120 cardiovas-
cular disease, 121 and cancer. 122 Ultra-processed food 
consumption is structurally and commercially driven. 24 

Thus, Lancet series papers called for policies aiming to 
change the food environment by food reformulation 
and mandatory regulations that address and restrict the 
marketing, availability, and affordability of UPFs, while 
promoting dietary patterns based on fresh and mini-
mally processed foods across the population, and 
providing targeted support for lower-income house-
holds, who face disproportionate financial and envi-
ronmental barriers to accessing healthy diets. 123,124 To 
tackle food insecurity, which is related to higher con-
sumption of low-cost UPFs and lower consumption of 
the more costly minimally processed or unprocessed 
foods, 100 the “Food is Medicine” approach 125 and social 
prescribing can be used. 100,126

Tobacco smoking is an established risk factor for 
HCC, with evidence that quitting smoking for more 
than 30 years reduces risk to levels approaching those 
of never smokers. 127 Policies and public health mea-
sures recommended by the WHO should be promoted, 
including increased taxation, additional marketing re-
strictions, front-of-package labeling, large graphic 
health warnings on all tobacco packages, mass media 
campaigns, and cost-covered support for tobacco 
cessation. 128

Conclusion
The number of new liver cancer cases has been esti-
mated to increase in Europe year on year. While the 
proportion of viral-related HCC is declining, the inci-
dence of MASLD-related HCC is expected to rise and 
the proportion of alcohol-associated HCC recently 
remained stable at a very high level. According to recent 
estimates, an annual reduction of at least 2% in the age-
standardized incidence rate (ASIR) is required to halt 
the increasing number of liver cancer cases globally. 4 

Considering that a large proportion of HCCs could be 
prevented by treating and managing modifiable risk 
factors, achieving this goal requires public health and 
policy efforts coordinated at the European Union and 
WHO European region levels, which target the main 
risk factors for HCC, including viral hepatitis, alcohol, 
and metabolic conditions. Treatment of the underlying 
etiological cause and avoidance of other risk factors not 
only decrease the risk of HCC, but also benefits patients 
who have already developed HCC. Etiological treatment 
can reverse liver fibrosis, improve portal hypertension, 
decrease the risk of decompensation, and even promote 
recompensation in patients with decompensated 
cirrhosis. This can help to preserve or even improve 
liver function, which is of utmost importance for the 
management of patients with HCC, as both treatment 
decisions and prognosis are closely related to liver 
function. Fig. 4 summarizes the epidemiological and 
etiological trends of HCC and their implications for 
clinical presentation at diagnosis and for the manage-
ment of HCC across different disease stages.
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