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Non-alcoholic fatty liver disease (NAFLD), one of the most common causes of liver disease, 
is an increasingly common cause of hepatocellular carcinoma (HCC). Several demographic, 
clinical, and genetic factors contribute to HCC risk in NAFLD patients, which may inform 
risk stratification scores. Proven efficacious approaches to primary prevention approach 
in patients with non-viral liver disease remain an area of need. Semi-annual surveillance 
is associated with improved early tumor detection and reduced HCC-related mortality; 
however, patients with NAFLD have several challenges to effective surveillance, including 
under-recognition of at-risk patients, low surveillance utilization in clinical practice, and lower 
sensitivity of current tools for early-stage HCC detection. Treatment decisions are best made 
in a multidisciplinary fashion and are informed by several factors including tumor burden, 
liver dysfunction, performance status, and patient preferences. Although patients with NAFLD 
often have larger tumor burden and increased comorbidities compared to counterparts, they 
can achieve similar post-treatment survival with careful patient selection. Therefore, surgical 
therapies continue to provide a curative treatment option for patients diagnosed at an early 
stage. Although there has been debate about the efficacy of immune checkpoint inhibitors 
in patients with NAFLD, current data are insufficient to change treatment selection based on 
liver disease etiology. (J Liver Cancer 2023;23:127-142)

Keywords: Non-alcoholic fatty liver disease; Liver cancer; Screening; Treatment

Corresponding author: Amit G. Singal

Division of Digestive and Liver Diseases, UT Southwestern Medical 
Center, 5959 Harry Hines Blvd, POB 1, Suite 420, Dallas, TX 75390-8887, 
USA
Tel. +1-214-645-6111; Fax. +1-214-645-6114
E-mail: amit.singal@utsouthwestern.edu

INTRODUCTION

Hepatocellular carcinoma (HCC), the most common type 

of primary liver cancer, is the third leading cause of cancer-

related death globally,1 and one of the few cancers with an 

increasing mortality rate.2 HCC mostly arises in a back-

ground of advanced chronic liver disease, with the primary 

etiology differing by geographic location.3 Chronic hepatitis 

B virus (HBV) infection is the most common underlying eti-

ology of HCC in Asia and many parts of Africa, whereas 

chronic hepatitis C virus (HCV) infection, alcohol-associated 

liver disease, and nonalcoholic fatty liver disease (NAFLD) 

are primary drivers in the Western world.4 With hepatitis B 

vaccination and hepatitis C treatment programs becoming 

more widespread, the burden of HCC is increasingly related 

to non-viral etiologies including alcohol-associated liver dis-

ease and NAFLD.5

NAFLD, the hepatic manifestation of the metabolic syn-

drome, is a chronic disease encompassing a phenotypic spec-

trum of liver disease. This spectrum ranges from simple fatty 

infiltration, i.e., NAFL, to inflammatory cellular infiltration, 

i.e., nonalcoholic steatohepatitis (NASH), which may culmi-
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nate in fibrosis, cirrhosis, and HCC.6,7 NAFLD is one of the 

most common causes of liver diseases and is rising further in 

synchrony with the obesity and metabolic syndrome epidem-

ics across the globe.8 NAFLD currently accounts for approxi-

mately 20% of HCC, although this is anticipated to increase 

in most countries over the next decade.9,10 Herein, we com-

prehensively review epidemiology, diagnosis, and treatment 

of NAFLD-related HCC.

EPIDEMIOLOGY

The prevalence of NAFLD is highest in North America and 

Europe, with nearly one-third of people having NAFLD, in-

cluding 64 million people in the United States. Of those, ap-

proximately 20% have progressive disease and develop cir-

rhosis. Patients with NASH cirrhosis have an annual HCC 

incidence of 1-2%, although more than one-fourth of 

NASH-related HCC occur without underlying cirrhosis.11,12 

In fact, NASH is the leading cause of non-cirrhotic HCC. 

The relatively high prevalence of non-cirrhotic NASH-HCC 

is due to the large at-risk pool of patients with NASH, as the 

annual incidence of HCC among patients with non-cirrhotic 

NASH remains low. The incidence of HCC in NAFLD pa-

tients without cirrhosis is approximately 23-46 per 100,000 

patient-years.13,14

NAFLD-related HCC is often diagnosed at more advanced 

stages, typically in context of poor or absent surveillance. Pa-

tients are also often older with more co-morbidities, which 

can preclude curative options such as resection or liver trans-

plantation;15 however, etiology has not been identified as an 

independent prognostic factor.16

Although cirrhosis is the strongest risk factor for HCC in 

those with NAFLD, there is a wide variation in HCC risk be-

tween patients. Demographic, behavioral, and genetic factors 

play a role in HCC risk and may inform future risk stratifica-

tion strategies to identify the highest risk subgroups who 

would most benefit from surveillance or chemoprevention 

efforts as well as low risk subgroups who may not warrant 

surveillance.17 HCC risk factors among those with NAFLD 

include older age, male sex, Hispanic ethnicity, and metabol-

ic syndrome features like diabetes, obesity, and dyslipid-

emia.18,19 In those with NAFLD cirrhosis, diabetes is indepen-

dently associated with increased HCC risk (hazard ratio 

[HR], 1.3; 95% confidence interval [CI], 1.0-1.7).20 Data 

from European and USA real-world studies with >18 million 

patients identified diabetes as the strongest independent 

metabolic risk factor for HCC.18,21 Among those with diabe-

tes, glycemic control is associated with HCC risk, as patients 

with adequate glycemic control (HbA1C <7% for more than 

80% of time) have a 32% lower risk of HCC than those with 

suboptimal glycemic control.22 Similarly, obesity and being 

overweight are associated with a 48-83% increased HCC risk, 

although some increased risk may be mediated by develop-

ment of NASH.23

Genetic factors, such as the PNPLA3 148M variant at 

rs738409, have been found to be associated with disease se-

verity and HCC development in those with obesity and his-

tologically-proven NAFLD.24 The MBOAT7 rs641838 variant 

is associated with development and severity of NAFLD, via 

increased hepatic fat content and remodeling of hepatic 

phosphatidylinositol species.25 This single nucleotide poly-

morphism is twice as prevalent in NAFLD-HCC compared 

to NAFLD alone and may predispose to HCC in patients 

without cirrhosis.26

Clinical risk calculators have been proposed to help stratify 

NAFLD patients into high- and low-risk groups. For exam-

ple, a risk calculator to assess HCC risk in patients with ei-

ther NAFLD or alcoholic liver disease-related HCC incorpo-

rated seven predictors: age, gender, diabetes, body mass 

index, platelet count, serum albumin, and ratio of aspartate 

aminotransferase to alanine aminotransferase.27 Predicted 

and observed cumulative incidence curves exhibited overlap, 

and plotted decision curves showed screening based on risk 

models had a greater net benefit than a “screen-all” strategy.27 

A 133-gene signature, prognostic liver signature (PLS)/ 

-NAFLD, and its four-protein blood-based surrogate secre-

tome signature PLSec-NAFLD may also serve as a NAFLD-

specific HCC risk prediction tool.28 These signatures were 

validated in a global independent cohort of 409 patients with 

NAFLD, with high-risk etiology-specific PLSec-NAFLD 

scores significantly associated with HCC development.28 

Most risk calculators have been evaluated among patients 
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with NAFLD cirrhosis and similar work is needed to identify 

high-risk patients with non-cirrhotic NAFLD who may ben-

efit from surveillance. Although clinical risk scores and this 

blood-based biomarker are promising and fill an area of 

need, they require further validation prior to routine use in 

clinical practice.29 

PATHOGENESIS AND MOLECULAR  
ALTERATIONS

Immune system activation is closely related to progression 

of NAFLD into NASH and NAFLD-related HCC, with many 

examples of such immunologic cross-talks. Hepatic injury 

leads to activation of Kupfer cells and resident hepatic mac-

rophages, which have also been implicated in HCC develop-

ment.30 A decline in cell autophagy has been implicated in 

the progression of steatosis to NASH and HCC.31 Next-gen-

eration sequencing has uncovered cancer driver genes with 

either oncogenic or tumor suppressive functions that are al-

tered in HCC. Mutations in specific genes such as RPS6KA3-

AXIN1 and NFE2L2-CTNNB1 have suggested that Wnt/

β-catenin signaling pathway may be implicated in HCC 

pathogenesis via oxidative stress metabolism and Ras/mito-

gen-activated kinase pathways.32 Using exome sequencing for 

better tumor characterization, Guichard et al.32 have identi-

fied groups of genes, such as CTNNB1 and TP53 which are 

related to the risk factors alcohol and HBV, respectively. 

CTNNB1 and TP53 mutations affect 25-30% of HCC pa-

tients, and alongside less frequently mutated genes such as 

AXIN1, RPS6kA3, TSC1/TSC2, MLL2, ARID2, ARID1A, 

and KEAP1 help elucidate the main dysregulated pathways 

in HCC.33 Senescence-associated secretory phenotype (SASP) 

has been shown to promote obesity-associated HCC in mice, 

and signs of the same SASP has been observed in hepatic 

stellate cells of patients with NASH-HCC indicating that a 

similar pathway may be present in humans.34

PRIMARY PREVENTION

Several risk factors for NASH-related HCC inform poten-

tial primary prevention strategies. Targeting components of 

metabolic syndrome via treating obesity, diabetes, and hy-

pertension can prevent fibrosis and thereby theoretically re-

duce HCC risk.35 Weight loss strategies that reduce total 

body weight exceeding 10% have the most substantial effect 

in addressing NAFLD.36 First-line obesity management in-

cludes calorie restricted meals compounded by physical ac-

tivity.37 Weight loss not only reduces and reverses NAFLD, 

but also alters the “liver-gut” axis rendering the gut microbi-

ome less implicated in liver fibrosis and HCC development.38 

A propensity matched study revealed that bariatric surgery 

among obese patients was associated with lower incidence of 

NASH and HCC in a 7-year follow-up period.39 However, 

there are no data on weight loss leading to HCC risk reduc-

tion among NASH patients specifically. Amongst patients 

with diabetes, treatment with thiazolidinediones and metfor-

min have also been associated with significant reductions in 

HCC risk.40,41 Statins may serve as another method of che-

moprevention, with a meta-analysis of 24 studies (n=59,073 

patients) demonstrating decreased HCC risk by 46%.42 Lipo-

philic statins were associated with a greater HCC risk reduc-

tion compared to hydrophilic counterparts,43 which might be 

explained by increased permeability of lipophilic substances 

that allows them to exert their cholesterol-dependent effects 

on HCC development.44 However, professional society 

guidelines advise against use of these medications solely for 

HCC chemoprevention outside of other indications.

Outside of specific chemoprevention strategies for NASH-

related HCC, coffee has also shown promising results. A me-

ta-analysis of 13 prospective cohort and case-control studies 

showed that increasing coffee consumption by one cup daily 

was associated with 15% HCC risk reduction (relative risk 

[RR], 0.85; 95% CI, 0.82-0.88).45 The potential benefit of 

coffee might be partly explained by reduced fibrosis, with a 

meta-analysis of 11 studies demonstrating a lower risk of 

NAFLD (pooled RR, 0.77; 95% CI, 0.60-0.98) and lower risk 

of fibrosis among NAFLD patients (RR, 0.68; 95% CI, 0.68-

0.79) among coffee users than non-users.46

SURVEILLANCE

The NAFLD patient population presents unique challenges 
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for HCC surveillance and necessitates novel potential solu-

tions (Fig. 1). Professional society guidelines, including those 

from European Association for the Study of Liver (EASL), 

American Association for the Study of Liver Diseases (AAS-

LD), and Asian Pacific Association for the Study of the Liver 

recommend HCC surveillance in at-risk populations.47-49 The 

best data for HCC surveillance continues to come from a 

randomized clinical trial from China among >18,000 persons 

with underlying HBV infection.50 Although Level I data does 

not exist in patients with cirrhosis, a meta-analysis of cohort 

studies demonstrated a strong and consistent association be-

tween HCC surveillance and improved clinical outcomes in-

cluding increased early detection and reduced HCC-related 

mortality.51,52 Although there are few studies exclusively in 

patients with NASH cirrhosis, results appear consistent in 

subgroup analyses by proportion of NASH patients in each 

study.

Primary populations at risk for HCC include subgroups of 

patients with high-risk HBV infection and those with cirrho-

sis from any etiology. Although patients with NASH-related 

cirrhosis have a lower annual HCC incidence than those with 

viral-related cirrhosis, their risk exceeds 1% per year and 

HCC surveillance remains cost-effective.18 In contrast, pa-

tients with non-cirrhotic NAFLD have a low annual risk of 

HCC and decision analyses suggest surveillance is not cost-

effective in this population. In a multi-center study from the 

Veterans Health Administration, HCC incidence was only 

0.08 per 1,000 person-years among patients with non-cir-

rhotic NAFLD. Although there was variation in HCC inci-

dence between subgroups, none demonstrated sufficiently 

high risk to warrant HCC surveillance.18 A systematic review 

similarly found HCC incidence at 10 years in NAFLD pa-

tients without cirrhosis was only 2.7% compared to 15% for 

those with cirrhosis.53 Although HCC surveillance is not rec-

ommended in all patients with non-cirrhotic NAFLD, the 

high proportion of HCC arising in the absence of cirrhosis 

underscores a need for risk stratification tools.

Abdominal ultrasound with or without alpha fetoprotein 

(AFP) have been the most widely recommended tests for 

HCC surveillance.47,48,54 However, this strategy misses over 

one-third of HCC at an early stage, with a meta-analysis 

demonstrating a pooled sensitivity of only 63%.54 Patients 

with obesity and those with non-viral liver disease, including 

NAFLD, have lower ultrasound visualization and sensitivity 

Figure 1. Challenges and potential solutions for HCC surveillance in NAFLD patients. NAFLD, non-alcoholic fatty liver disease; HCC, hepatocellular 
carcinoma; NASH, nonalcoholic steatohepatitis.

Risk assessment

Surveillance tools

Underutilization

Harms 

Solutions

•	 High proportion of NAFLD-HCC do not have underlying cirhrosis
•	 Variation in HCC risk between patients with NASH cirrhosis

•	 Decreased visualization and sensitivity of ultrasound in obese patients and those with  
non-viral liver disease

•	 Iaadequate valdiation of emerging surveillance tools, particularly in NAFLD patients

•	 Underuse in patients with NAFLD, partly related to under-recognition of cirrhosis
•	 Lack of engagement in clinical care prior to HCC diagnosis
•	 Failure of patients to adhere to surveillance recommendations

•	 Potential physical, financial, and psychological harms
•	 Potential overdiagnosis due to variation in tumor doubling times
•	 Potential overdiagnosis due to higher non-liver related mortality in NAFLD patients

•	 Development of risk stratification tools
•	 Validation of novel imaging or bio-marker based imaging in patients with NAFLD
•	 Addressing patient- and provider-reported barriers to increase surveillance
•	 Implementaton of strategies such as provider education, electronic medical record alerts, 

and population-based mailed outreach invites
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for early-stage HCC.55 In a cohort of 2,053 patients with cir-

rhosis, limited visualization was observed in 368 (18.0%) and 

was independently associated with NAFLD (odds ratio [OR], 

2.13; 95% CI, 1.51-3.00) or alcohol-associated (OR, 1.74; 

95% CI, 1.25-2.43) cirrhosis and obesity class II (OR, 1.69; 

95% CI, 1.06-2.67) or class III (OR, 4.35; 95% CI, 2.82-

6.71).56 Limited visualization was observed in less than 15% 

of patients with normal weight or overweight status, com-

pared to 17.2%, 21.3%, and 40.6% of patients with obesity 

classes I, II, and III, respectively. Similarly, limited visualiza-

tion was observed in 23.0% and 29.0% of those with alcohol 

associated and NAFLD cirrhosis, respectively. The same au-

thors demonstrated the association between ultrasound visu-

alization and test performance with severe visualization limi-

tations significantly associated with missed lesions, i.e., lower 

sensitivity (OR, 7.94; 95% CI, 1.23-51.2) and moderate limi-

tations associated with increased odds of false positive re-

sults, i.e., lower specificity (OR, 1.60; 95% CI, 1.13-2.27).57

Ultrasound-based surveillance is also associated with phys-

ical, financial, and psychological harms related to false posi-

tive or indeterminate results.51,58 Although HCC has tradi-

tionally been assumed to uniformly be an aggressive tumor, 

recent data suggest variation in tumor doubling times59,60 so 

overdiagnosis may be another potential harm of HCC sur-

veillance. Overdiagnosis may be particularly prevalent in pa-

tients with NAFLD-related HCC given higher risk of non-

liver mortality including cardiovascular disease.61 Accounting 

for surveillance-related harms and benefits, ultrasound and 

AFP is more cost-effective than ultrasound alone or no sur-

veillance in patients with compensated cirrhosis.62

These data highlight a need for novel imaging or biomark-

er-based strategies for HCC surveillance in patients with 

NAFLD. Cohort studies from South Korea suggest that low 

dose, two-phase computed tomography (CT) and dynamic 

contrast-enhanced magnetic resonance imaging (MRI) both 

have higher sensitivity for early-stage HCC than ultra-

sound;63,64 however, these data were derived in HBV-pre-

dominant populations and need validation in broader co-

horts, including those with NAFLD. Further, concerns about 

cost, radiation exposure with CT, and radiologic capacity of 

MRI may limit their widespread use for HCC surveillance. 

Abbreviated MRI has been proposed as a means of reducing 

in-scanner time and costs. Case-control data suggest pre-

served sensitivity and specificity compared to full diagnostic 

MRI, with preserved data in patients with NASH cirrho-

sis;65-67 however, prospective validation is needed.

Therefore, there has been increased interest in biomarker-

based strategies, which may concurrently increase test effica-

cy and utilization. AFP is the only biomarker to have com-

pleted all five phases of biomarker validation, although it has 

insufficient sensitivity for early-stage HCC detection.68 Tu-

moral heterogeneity highlights the need for multi-biomarker 

panels, such as GALAD, to improve sensitivity for early-stage 

HCC. GALAD was shown to have promising test perfor-

mance in a multi-center case-control study, with sensitivities 

of 60-80% for early-stage HCC.69 A subsequent case-control 

study from Germany similarly demonstrated high accuracy 

for GALAD in patients with NASH.70 Two large case-control 

studies have also shown that liquid biopsy techniques, in-

cluding methylated DNA biomarker panels, have high accu-

racy for early-stage HCC detection, although there were lim-

ited numbers of patients with NASH in both studies.71,72

Another issue that limits the effectiveness of HCC surveil-

lance is underutilization, with a systematic review suggesting 

less than one in four patients undergo HCC surveillance.73 

HCC surveillance underuse was prevalent across subgroups 

including geographic region and receipt of subspeciality 

care.73 In a multicenter cohort study, HCC surveillance was 

underused in a majority of patients.74 Surveillance underuse 

is related to failures across the screening continuum, includ-

ing patients not being engaged in clinical care, failure of pro-

viders to recognize cirrhosis and order HCC surveillance, 

and failure of patients to adhere to surveillance recommen-

dations.74-76 One of the consistent correlates for surveillance 

underuse across studies is the presence of NAFLD cirrhosis, 

partly related to under-recognition of cirrhosis.73 Studies 

have also demonstrated the importance of addressing pa-

tient- and provider-reported barriers (e.g., transportation 

and competing interests in clinic, respectively) to increase 

HCC surveillance.77,78 Several intervention strategies includ-

ing provider education, electronic medical record alerts, and 

population-based mailed outreach invitations have been 
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proven efficacious for increasing HCC surveillance use, al-

though studies are needed to evaluate their effectiveness 

when implemented in clinical practice.73,79,80

RECALL AND DIAGNOSIS

Regardless of liver disease etiology, the recall strategy and 

diagnostic algorithm for patients with suspected HCC is the 

same. Patients with subcentimeter liver lesions have a low 

risk of HCC so should simply undergo repeat ultrasound 

within 3-6 months.81 Patients with a liver lesion ≥10 mm on 

ultrasound or AFP ≥20 ng/mL are high risk for HCC and re-

quire diagnostic evaluation.47,48,82 Patients with high-risk 

HBV or cirrhosis from any etiology should undergo diagnos-

tic imaging with 4-phase CT or dynamic contrast-enhanced 

MRI, as HCC diagnosis can be made based on characteristic 

radiologic imaging in most patients.

The Liver Imaging and Reporting Data System (LI-RADS) 

is an imaging algorithm that allows for the characterization 

of liver lesions in at-risk patients, including radiologic diag-

nosis of HCC.82 The LI-RADS system classifies lesions from 

LI-RADS 1 (definitely benign) to LI-RADS 5 (definite HCC), 

with the latter being defined by arterial phase hyperenhance-

ment, delayed phase washout, and capsule appearance. LI-

RADS lesions have an approximately 95% positive predictive 

value for the presence of HCC, although there has been in-

creasing use of biopsy for diagnostic confirmation and mo-

lecular characterization.83 Patients with indeterminate liver 

nodules (LI-RADS 3 or LI-RADS 4) have an intermediate 

risk of HCC, between 35-65%, so typically warrant close fol-

low-up imaging, with biopsies used in cases that would 

change immediate clinical management.84-86 Patients without 

cirrhosis or high-risk HBV should undergo biopsy for histo-

logic confirmation, as imaging features have insufficient ac-

curacy.49

Although a diagnosis of HCC can be made radiographical-

ly in most cases, approximately 10% of HCCs will have atyp-

ical imaging features (e.g., arterial phase hyperenhancement 

alone or delayed washout alone). In these cases, biopsy is 

needed to make a diagnosis.87 Classical histopathological 

findings of HCC include the following: well vascularized tu-

mors with wide trabeculae, small cell changes, cytologic 

atypia, mitotic atypia, reticulin network loss, and a promi-

nent acinar pattern.88 A common histological variant of HCC 

is steatotic HCC, distinctly associated with underlying meta-

bolic risk factors and NASH cirrhosis.89 Most studies have 

failed to demonstrate any difference in prognosis, including 

recurrence after resection, between steatotic HCC and other 

subtypes. 

CLINICAL MANAGEMENT 

Although there are several staging systems, the Barcelona 

Clinic Liver Cancer (BCLC) system includes both prognostic 

information and a recommended treatment allocation sys-

tem. BCLC tumor stage is based on multiple factors includ-

ing tumor burden, degree of liver dysfunction, and patient 

performance status.90 Tumor stages range from BCLC stage 0 

(very early) and stage A (early) to BCLC stage C (advanced) 

and stage D (terminal) disease. However, there are often 

multiple treatment options for each tumor stage, and treat-

ment decisions must incorporate other factors including pa-

tient preferences and goals of care.

Treatment decisions should be made in a multidisciplinary 

manner. A multidisciplinary approach ensures that HCC is 

accurately diagnosed and staged, with treatment decisions 

being reached in a patient-centered and holistic manner, in-

corporating the input of all relevant parties. Members of the 

multidisciplinary team often include hepatologists, liver 

transplant/hepatobiliary surgeons, medical oncologists, in-

terventional radiologists, radiologists, primary care physi-

cians, and pathologists.91 Multidisciplinary care is associated 

with increased guideline concordant treatment, increased use 

of curative therapies, and significantly reduced HCC-related 

mortality.92,93 Given these benefits, many experts advocate for 

multidisciplinary care to be standard of care for patients with 

HCC.

Early-stage HCC

Patients with early-stage HCC are amenable to curative 

therapies including surgical resection, local ablation, and liv-

er transplantation, which have all been associated with 5-year 
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survival exceeding 70% (Fig. 2). Surgical resection is the 

treatment of choice in patients without cirrhosis and those 

with compensated cirrhosis without portal hypertension. In 

contrast, liver transplantation offers a cure for both the HCC 

and cirrhosis in those with portal hypertension or hepatic 

decompensation. The 5-year risk of recurrence exceeds 50% 

in those who undergo surgical resection or local ablation, 

compared to approximately 10% after liver transplantation. 

Hepatic resection is a challenging feat in patients with 

NAFLD-HCC for multiple reasons. Post-operative liver fail-

ure in patients undergoing liver resection can be partly ex-

plained by steatosis, a hallmark feature of NAFLD, that pre-

cludes proper liver regeneration.94 The curative potential of 

liver resection may be higher in this patient population; 

however, their comorbidities have serious negative implica-

tions.95,96 Metabolic syndrome, a frequent co-morbidity of 

NAFLD, is associated with a twofold higher risk of complica-

tions after liver resection, whether septic, cardiovascular or 

pulmonary in nature.97 Even in the absence of advanced fi-

brosis, patients with NAFLD-HCC are not at a lower postop-

erative risk. The association of steatosis and chronic inflam-

mation also has a bearing on the ability of patients to tolerate 

resection.98

Liver transplant is the treatment of choice in patients liver 

dysfunction severe enough to prohibit surgical resection.49 

Among patients with NAFLD, assessment and optimization 

of associated comorbidities including obesity, metabolic syn-

drome, and cardiovascular disease is particularly important, 

both while waiting for liver transplantation and afterwards.99 

Despite a higher prevalence of these comorbidities, data from 

the European Liver Transplant Registry showed no difference 

in survival between NAFLD and non-NAFLD patients.100 An 

analysis of the UNOS registry in the United States suggests 

patients with NAFLD may even have higher post-transplant 

survival (HR, 0.69; 95% CI, 0.63-0.77), potentially related to 

more rigorous patient selection.101

For patients with early-stage HCC who are not amenable 

to surgical therapies, local ablation offers another curative 

approach.102 Local ablation is most commonly performed us-

ing thermal-mediated approaches such as radiofrequency 

ablation or microwave ablation, which can induce complete 

responses for most lesions ≤3 cm, although response rates 

decrease once size increases beyond this threshold. NAFLD-

HCC, HCV-HCC, and alcoholic liver disease-related HCC 

appear to have similar overall survival with location abla-

tion.103

Intermediate-stage HCC

Intermediate stage (BCLC-B) HCC is characterized by 

multifocal HCC (beyond BCLC stage A). Traditionally, 

TACE has been the recommended treatment for patients 

with intermediate stage HCC, permitting objective response 

rates of approximately 50% and a median survival of 2-3 

years (Fig. 2).104 There has been increasing use of TARE as an 

Surgical resection

Liver transplantion

Local ablation

Transarterial 
chemoembolization or 

radioembolization

•	 Transarterial chemoembolization or radioembolization

•	 Some studies show no diffference in survival whereas others show higher post-transplant 
survival in NAFLD vs. non-NAFLD patients, potentially due to patient selection

•	 High complete response rates for very early-stage HCC, offering curative option for  
non-surgical patients with early-stage HCC 

•	 Similar overall survival between NAFLD and non-NAFLD patients

•	 Objective response rates of approximately 50% and median survival of 2-3 years
•	 No difference in outcomes by liver disease etiology

Figure 2. Treatment outcomes for NAFLD patients with early- and intermediate-stage HCC. NAFLD, non-alcoholic fatty liver disease; HCC, 
hepatocellular carcinoma.
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alternative embolic therapy, which is associated with similar 

overall survival but longer time-to-progression and progres-

sion-free survival.105

There has also been increasing recognition of heterogene-

ity among patients with BCLC stage B disease. One such 

score that highlights this heterogeneity is the 6-and-12 score, 

which is based on the sum of number of nodules and largest 

tumor diameter. Patients with a score <6 have the best sur-

vival, score 6-12 have intermediate survival, and those with a 

score >12 have the worst prognosis (median survival of 35.1, 

16, and 7.6 months, respectively).106

Patients with limited tumor burden who have a response 

to locoregional therapy are considered “downstaged” and 

can successfully undergo liver transplantation, with near 

equal outcomes as those who present at an early-stage 

HCC.107 Although there is no universally accepted threshold 

for downstaging, data have suggested better outcomes for 

patients within UNOS-downstaging criteria (one lesion ≤8 

cm, 2-3 lesions with largest ≤5 cm, and 3-4 cm ≤3 cm, with 

total tumor volume ≤8 cm) than those with larger tumor 

burden.108 The XXL trial, a randomized, controlled, phase 

IIB/III trial demonstrated liver transplantation after effective 

and sustained downstaging of eligible HCC beyond Milan 

criteria was associated with improved 5-year tumor event 

free survival (HR, 0.20; 95% CI, 0.07-0.57; P =0.003) and 

overall survival (HR, 0.32; 95% CI, 0.11-0.92; P =0.035) 

compared to non-transplantation treatments.109 Data from 

the UNOS database also showed patients who are down-

staged can achieve 5-year post- transplant survival of 64%, 

with an acceptable risk of recurrence (19% at 5 years).110

Conversely, patients with larger intrahepatic tumor burden 

appear to have lower objective responses and worse survival 

than those with smaller tumor burden. Any benefit to TACE 

must be weighed against potential harms, including post-

embolization syndrome and risk of liver dysfunction. Data 

from the OPTIMIS study show that objective responses de-

crease from 40% to 26% from initial to subsequent TACE.111 

Considering these data, there has been increasing recognition 

of “TACE unsuitable” patients, i.e., those in whom the risks 

of TACE likely outweigh potential benefits. Although there is 

no consensus definition for TACE unsuitable, some have 

proposed the up-to-7 criteria, i.e., the sum of the largest tu-

mor diameter and number of lesions exceeding seven.112 A 

proof-of-concept retrospective propensity-score matched 

analysis suggested these patients may be better treated with 

up-front systemic therapy instead of locoregional therapy.113 

In this study, patients who were treated with up-front sys-

temic therapy had better survival, primarily due to more pro-

longed preservation of liver function, than patients who were 

treated with TACE as initial treatment. Although interesting, 

these data require validation in prospective clinical trials, 

which are currently ongoing.

Advanced-stage HCC

Advanced stage (BCLC-C) encompasses patients with vas-

cular invasion or extrahepatic spread, but relatively fit with 

preserved liver function. These patients should be considered 

for systemic therapies.90 The first line systemic therapies for 

HCC include sorafinib, lenvatinib, atezolizumab plus bevaci-

zumab (Atezo-Bev) and durvalumab plus tremelimumab 

(Durva-Treme), approved in that order (Table 1). 

Both sorafenib and lenvatinib are multitargeted tyrosine 

kinase inhibitors with antiangiogenic effects through the in-

hibition of vascular endothelial growth factor (VEGF) recep-

tors.114 Sorafenib was the first systemic therapy to show a 

survival benefit for patients with advanced stage HCC, dem-

onstrating a significant survival benefit in the SHARP (HR, 

0.69; 95% CI, 0.55-0.87) and Asia Pacific (HR, 0.68; 95% CI, 

0.50-0.93) trials;115,116 however, the median survival with 

treatment was still only 10.7 months, leaving room for im-

provement. The next decade after the SHARP trial was un-

fortunately met with disappointment given multiple negative 

trials of agents that failed to further improve survival. In 

2018, the REFLECT trial led to the approval of Lenvatinib, 

which was shown to have non-inferior overall survival (me-

dian 13.6 vs. 12.3 months; HR, 0.92; 95% CI, 0.79-1.06) but 

significant improvements in secondary outcomes including 

progression-free survival (median 7.4 vs. 3.7 months; HR, 

0.66; 95% CI, 0.57-0.77) and objective responses (24.1% vs. 

9.2%).117 These improved secondary responses are likely re-

lated to greater fibroblast growth factor receptor activity 

compared to Sorafenib. Although there were few patients 
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with NASH included in the REFLECT trial, subsequent real-

world data suggest consistent if not greater activity in NASH-

related HCC than other etiologies. In a European multi-cen-

ter study of 1,232 patients treated with lenvatinib, of whom 

236 had NASH-related HCC, patients with NASH-related 

HCC had improved overall survival compared to others (me-

dian 22.2 vs. 15.1 months; HR, 0.69; 95% CI, 0.56-0.85).118 

Similarly, a multi-center study from Japan of 674 patients 

(103 with NASH) showed improved survival in the NASH-

related HCC subgroup (20.5 vs. 16.9 months).119

The recent introduction of immune checkpoint inhibitors 

has revolutionized the approach to systemic treatment of 

HCC. Trials involving immune checkpoint inhibitors started 

with single agent programmed-death 1 (PD-1) inhibitors: 

nivolumab in the first-line and pembrolizumab in the sec-

ond-line setting. Both demonstrated durable objective re-

sponses in 15-20% of patients in phase II studies;120,121 how-

ever, both failed to achieve statistically significant improvements 

in overall survival in subsequent phase III clinical trials. The 

disappointment with these failed trials was quickly allayed by 

Table 1. Overall survival, strati�ed by etiology, in select phase III studies evaluating HCC systemic therapies

Trial name Treatment arms Trial aetiology OS HR (95% CI)

1st line

SHARP115 Sorafenib vs. placebo HBV (n=111, 18%) 0.76 (0.38-1.50)

HCV (n=169, 28%) 0.50 (0.32-0.77)

Alcohol (n=159, 26%) 0.76 (0.50-1.16

Asia-Pacific116 Sorafenib vs. placebo HBV +ve (n=165, 73%) 0.74 (0.51-1.06)

HBV -ve (n=61, 27%) 0.57 (0.29-1.13)

REFLECT119 Lenvatinib vs. sorafenib HBV (n=479, 50%) 0.83 (0.68-1.02)

HCV (n=217, 23%) 0.91 (0.66-1.26)

Alcohol (n=57, 6%) 1.03 (0.47-2.28)

IMbrave150122 Atezolizumab + bevacizumab vs. sorafenib HBV (n=240, 48%) 0.51 (0.32-0.81)

HCV (n=108, 22%) 0.43 (0.22-0.87)

Non-viral (n=153, 31%) 0.91 (0.52-1.60)

HIMALAYA124 Tremelimumab + durvalumab vs. sorafenib HBV (n=241, 31%) 0.64 (0.48-0.86)

HCV (n=214, 27%) 1.06 (0.76-1.49)

Non-viral (n=327, 42%) 0.74 (0.57-0.95)

2nd line

RESORCE125 Regorafenib vs. placebo HBV (n=216, 38%) 0.58 (0.41-0.82)

HCV (n=119, 21%) 0.79 (0.49-1.26)

Alcohol (n=145, 25%) 0.92 (0.61-1.38)

CELESTIAL126 Cabozantinib vs. placebo HBV (n=267, 38%) 0.69 (0.51-0.94)

HCV (n=168, 24%) 1.11 (0.72-1.71)

Non-viral (n=272, 38%) 0.72 (0.54-0.96)

REACH-2127 Ramucirumab vs. placebo HBV (n=107, 37%) 0.84 (0.52-1.35)

HCV (n=76, 26%) 0.76 (0.44-1.33)

Other (n=109, 37%) 0.63 (0.38-1.06)

KEYNOTE-240121 Pembrolizumab vs. placebo HBV (n=101, 24%) 0.57 (0.35-0.94)

HCV (n=64, 15%) 0.96 (0.48-1.92)

Non-viral (n=248, 60%) 0.88 (0.64-1.20)

HCC, hepatocellular carcinoma; OS, overall survival; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus.
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positive data from the IMBrave150 trial, leading to the ap-

proval of Atezo-Bev in the first-line setting.122 Atezolizumab 

is a programmed-death ligand 1 (PD-L1) inhibitor, and bev-

acizumab is a VEGF inhibitor. It is believed that VEGF inhi-

bition can have several immunomodulatory effects that can 

augment responses, including increased cytotoxic T lympho-

cytes, increased dendritic cell maturation, decreased tumor 

associated macrophages, and decreased myeloid derived sup-

pressor cells. Atezolizumab plus bevacizumab was shown to 

have superior survival compared to sorafenib with median 

survival of 19.2 vs. 13.4 months.122,123 Atezo-Bev also im-

proved progression-free survival (median 6.9 vs. 4.3 months) 

and objective responses (30% vs. 11%) compared to 

sorafenib. Further, the combination was well tolerated with 

few grade 3-4 adverse events.122 Notably, there were concerns 

about potential gastrointestinal (GI) bleeding with bevaci-

zumab in patients with underlying cirrhosis; however, the in-

cidence of upper GI bleeding in the trial was acceptable at 7% 

compared to 4.5% in the sorafenib group.122 The low rate of 

GI bleeding was likely due to trial design requiring an esoph-

agogastroduodenoscopy within 6 months prior to trial en-

rollment, and those who were deemed high risk of bleeding 

were excluded from the trial. Most recently, Durva-Treme 

was approved based on results from the HIMALAYA trial 

given significant improvement in overall survival compared 

to sorafenib (median survival 16.4 vs. 13.8 months; HR, 0.78; 

95% CI, 0.65-0.92).124 Of interest, the HIMALAYA trial also 

provided results from landmark analysis at 3 years, demon-

strating 30.7% of patients treated with Durva-Treme were 

still alive 3 years after randomization, compared to 24.7% of 

patients treated with durvalumab monotherapy and 20.2% 

for those treated with sorafenib.

There are several second-line therapies that have been 

shown to improve survival in phase III trials, including rego-

rafenib (HR, 0.63; 95% CI, 0.50-0.79),125 cabozantinib (HR, 

0.76; 95% CI, 0.63-0.92),126 and ramucirumab (HR, 0.71; 

95% CI, 0.53-0.95) (Table 1).127 However, there are impor-

tant differences between the agents based on clinical trial de-

sign. For example, the RESORCE trial leading to the approv-

al of regorafenib required tolerance of sorafenib given similar 

chemical structures between regorafenib and sorafenib;125 

REACH-2 required patients to have AFP ≥400 ng/mL given 

lack of benefit of ramucirumab in patients with lower AFP 

levels;127 and CELESTIAL had broad inclusion criteria, in-

cluding 27% of patients who had received two prior lines of 

therapy (thereby providing data for cabozantinib in both sec-

ond- and third-lines).126 These trials were all conducted after 

sorafenib in the first line setting but are extrapolated after 

newer systemic agents as well. 

There has been controversy regarding differential perfor-

mance of immune checkpoint inhibitors in patients with 

non-viral etiologies of HCC. Data provided by Pfister et al.128 

suggested that HCC due to non-viral etiologies may be less 

responsive to immunotherapy as opposed to tumors due to 

viral etiologies. PD-1-targeted immunotherapy in preclinical 

models of NASH-HCC led to expanded activated CD8+PD-1+ 

T cells but not tumor regression, unveiling impaired tumor 

immune surveillance.128 A meta-analysis of three randomized 

phase III clinical trials testing PD-L1 or PD-1 inhibitors in 

more than 1,600 patients with advanced HCC showed that 

immunotherapy improved survival in the overall population 

(HR, 0.77; 95% CI, 0.63-0.94) but failed to do so in those 

with HCC due to non-viral causes. However, it should be 

noted that most of these data were post-hoc analyses, limited 

by residual confounding since trials given randomization was 

not stratified by liver disease etiology. Further, there was no 

differences in objective responses in the IMBrave150 trial by 

liver disease etiology.122 Finally, subgroup analysis of the HI-

MALAYA study demonstrated a benefit of Durva-Treme in 

the non-viral subgroup with a HR of 0.74 (95% CI, 0.57-

0.95).124 Overall, these data are hypothesis generating al-

though require further validation before changing clinical 

practice. Therefore, liver disease etiology should likely not 

defer use of immune checkpoint inhibitor-based therapy in 

those who are otherwise eligible.

Terminal-stage HCC

End-stage (BCLC-D) patients have major cancer-associat-

ed symptoms and/or those with poor liver function. In this 

case, treatment of HCC, outside of liver transplantation, will 

not change survival outcomes and the mainstay is symptom-

atic treatment with palliative care.90 
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FUTURE DIRECTIONS

Significant strides have been made in recent decades to 

better understand the pathophysiology of NAFLD-related 

HCC and how it differs from HCC due to other etiologies. 

Identifying and developing effective treatments for NAFLD 

remains an avenue of paramount importance to reduce liver-

related mortality and prevent HCC development. Proper im-

plementation of HCC surveillance remains key, particularly 

in finding solutions to ultrasound limitations among obese 

people, who constitute a substantial portion of those with 

NAFLD. As for therapeutic interventions, it is crucial that 

additional research be undertaken to refine optimal patient 

selection and confirm efficacy of immunotherapy-based regi-

mens in this population. Continued research and progress in 

this growing population is critical to reducing HCC-related 

mortality in the future.
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