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Abstract

Background/Aims: The extent to which nonalcoholic fatty liver disease (NAFLD) contributes 

to hepatocellular carcinoma (HCC) prevalence in contemporary practices and whether there are 

any etiologic differences in surveillance receipt, tumor stage, and overall survival (OS) remains 

unclear. We aimed to estimate the burden of NAFLD-related HCC and magnitude of associations 

with surveillance receipt, clinical presentation, and outcomes in a contemporary HCC cohort.

Methods: In a cohort of HCC patients from the SEER-Medicare database between 2011 and 

2015, we used multivariable logistic regression to identify factors associated with surveillance 
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receipt, early-stage tumor detection, and curative treatment. Cox regression was used to identify 

factors associated with OS.

Results: Among 5,098 HCC patients, NAFLD was the leading etiology, accounting for 1,813 

(35.6%) of cases. Compared to those with hepatitis C-related HCC, NAFLD was associated 

with lower HCC surveillance receipt (adjusted odds ratio [aOR] 0.31, 95% confidence interval 

[CI] 0.23–0.40), lower early-stage HCC detection (aOR 0.49, 95%CI 0.40 – 0.60) and modestly 

worse OS (adjusted hazard ratio [aHR] 1.20, 95%CI 1.09 – 1.32). NAFLD subgroup analysis 

showed that early-stage HCC, absence of ascites/hepatic encephalopathy, surveillance and curative 

treatment receipt were associated with improved OS. NAFLD patients with coexisting liver 

disease were more likely to have surveillance, early-stage detection, and curative treatment, 

improved OS than NAFLD patients without coexisting liver diseases.

Conclusion: NAFLD is the leading etiology of HCC among Medicare beneficiaries. Compared 

to other etiologies, NAFLD was associated with lower HCC surveillance receipt, early-stage 

detection, and modestly poorer survival. Multi-faceted interventions for improving surveillance 

uptake are needed to improve prognosis of patients with NAFLD-related HCC.

Keywords
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease in 

the world.1 The prevalence of NAFLD is over 30% in the United States (US) and its 

burden continues to rise in parallel with the increasing prevalence of obesity and metabolic 

syndrome.2 Patients with NAFLD are at increased risk for hepatocellular carcinoma (HCC).3 

With a rising prevalence of NAFLD, it is recognized as an increasingly important etiology of 

HCC in the US,4, 5 and it is the fastest-growing etiology of HCC among liver transplant 

recipients.6 In a previous analysis of the Surveillance, Epidemiology and End Results 

(SEER) Medicare database, only 14% of all HCC diagnosed between 2004 and 2009 were 

attributed to NAFLD.7 However, the burden of NAFLD-associated HCC has likely increased 

more recently, given the steady increase in the burden of NAFLD in the general population, 

particularly in states with a higher prevalence of obesity.8

Currently, the extent to which NAFLD plays a role in the etiology HCC remains unclear 

in the US general population. Further, previous small cohort studies have suggested 

that patients with NAFLD-associated HCC have lower odds of cancer detection via 

surveillance.9, 10 This is in part due to underrecognition of cirrhosis in patients with 

NAFLD, resulting in a higher proportion being diagnosed at later stages resulting in 

worse survival.7, 9, 11 However, contemporary population-based data on NAFLD-associated 

HCC and its association with surveillance receipt, tumor stage and overall survival (OS) 

are limited. Therefore, we aimed to estimate the magnitude of NAFLD-associated HCC 

and etiologic differences in surveillance receipt, clinical presentation and outcomes in a 

population-based US cohort.
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METHODS

Study Population

We conducted a population-based cohort study using the SEER-Medicare database. The 

linked SEER-Medicare database combines demographic, clinical, and survival information 

for patients with cancer from the SEER program of cancer registries with Medicare 

claims information on covered health services from the time of Medicare eligibility until 

death.12, 13 The SEER program collects data on incident cancer cases from 18 cancer 

registries, including state, central, metropolitan, and the Alaska Native registries, which 

cover 28% of the US.12, 14, 15 Medicare is the primary health insurer for approximately 

94% of individuals ages 65 years and older, and roughly 90% of Medicare beneficiaries are 

covered by both Part A (inpatient hospitalizations, skilled nursing facility stays, home health 

visits, and hospice care) and Part B (outpatient visits and physician office visits/services) 

benefits.16

We included all Medicare beneficiaries, aged 68 years and older, who have been diagnosed 

with HCC (International Classification of Diseases [ICD]-Oncology-3 codes, site: C22.0 

AND histology: 8170–8175) from 2011 to 2015 (Supplementary Figure 1). We limited 

the cohort to individuals aged 68 years and older to ensure 3 years of follow-up to allow 

sufficient time after Medicare enrollment for identification of risk factors and surveillance 

receipt. We excluded: 1) HCC cases ascertained by direct visualization without microscopic 

confirmation, or death certificate only; 2) patients with Medicare Part A and B enrollment 

fewer than 3 years; 3) patients with less than 6 months follow-up time after HCC diagnosis 

to ensure complete capture of HCC-directed treatment; and 4) patients enrolled in Medicare 

health maintenance organization (HMO) plans as these plans were not required to submit 

individual claims information for services to the Centers for Medicare and Medicaid 

Services.

Study variables

Variables of interest included sex, age, race/ethnicity (defined as non-Hispanic White, Black, 

Asian/Pacific Islander [API]/Others, and Hispanic), etiology of HCC, extent of tumor, types 

of HCC treatment, National Cancer Institute (NCI) comorbidity index, the presence of 

diabetes, cirrhosis, ascites, and hepatic encephalopathy, surveillance for HCC, SEER region 

stratified by census tract poverty level, metropolitan/nonmetropolitan counties.

To define liver disease etiology, Medicare claims ICD, 9th revision or 10th revision codes 

were used for hepatitis C virus (HCV), hepatitis B virus (HBV), alcoholic liver disease 

(ALD), NAFLD, and others (see the ICD-9 and 10 codes for each etiology in Supplementary 

Table 1). As NAFLD is often under-coded, patients with ICD-9 or 10 codes for obesity, type 

2 diabetes, history of bariatric surgery, or both dyslipidemia and hypertension in the absence 

of HBV, HCV, alcohol abuse, and other known liver disease were also classified as NAFLD. 

For patients with multiple etiologies, etiology was classified with the following hierarchy 

(HCV >HBV >ALD >others >NAFLD).

Cirrhosis was defined based on ICD-9 or 10 codes from Medicare claims (Supplementary 

Table 1).17 We used diagnosis and procedure codes one year before HCC diagnosis to 
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calculate the NCI Comorbidity Index as a measure of noncancer comorbidity (Supplemental 

methods).18 The NCI Comorbidity index was calculated after excluding liver conditions and 

diabetes to avoid collinearity in multivariable models.

Tumor characteristics were extracted from the SEER Patient Entitlement and Diagnosis 

Summary File. As SEER only provides the number of tumor nodules as a binary variable 

(unifocal vs. multifocal), we defined early-stage HCC as a single tumor, less than or equal to 

5 cm in diameter without vascular invasion or extrahepatic metastasis.

We characterized receipt of HCC surveillance into 3 mutually exclusive categories during 

the 3-year period before HCC diagnosis: (1) consistent surveillance, (2) inconsistent 

surveillance, and (3) no surveillance according to our previous publication.19 Consistent 

screening was defined as having one or more abdominal ultrasound, computerized 

tomography (CT), or magnetic resonance imaging (MRI) per calendar year, and inconsistent 

screening was defined as having one or more abdominal imaging during the study period, 

but less than annually. Receipt of abdominal ultrasound (76700 or 76705), CT (74160, 

74170, or 74177), or MRI (74182 or 74183) was identified using the Current Procedural 

Terminology codes.

Statistical Analysis

Baseline demographic and clinical characteristics were summarized by standard descriptive 

measures (frequency and percentage for categorical variables and mean ± standard deviation 

for continuous variables). These characteristics were then compared using the Pearson’s chi-

square test for categorical variables and the Welch’s t-test or the Mann-Whitney-Wilcoxon 

test for continuous variables as appropriate.

Factors associated with (1) surveillance receipt, (2) early-stage HCC at diagnosis, and 

(3) curative treatment receipt were identified using univariate and multivariable logistic 

regression. Patients who had no follow-up period after diagnosis or died during the same 

calendar month of HCC diagnosis (0 month follow-up) were excluded from survival 

analyses (n=710). Survival probabilities were estimated using the Kaplan-Meier method 

and compared using the log-rank test. Factors associated with OS were determined using 

univariate and multivariable Cox-proportional hazards regression. Etiology of liver disease 

and demographic variables (except age at diagnosis) satisfied the proportional hazard 

assumption as demonstrated by the Schoenfeld residuals test. Subgroup analysis was 

performed to assess the factors associated with clinical outcomes in patients with NAFLD. 

We first performed this analysis using a strict definition of NAFLD alone and then used 

a broader, more inclusive definition of NAFLD in which patients were allowed to have 

coexisting liver diseases. All statistical analyses were performed using SAS 9.4 (SAS 

Institute, Inc., Cary, NC, USA) and Stata 16.1 (StataCorp, College Station, TX, USA) 

software with two-sided tests and a significance level of 0.05.
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RESULTS

Patient Characteristics

Of 5,098 HCC patients, NAFLD was the leading etiology, accounting for 35.6% of cases 

(Table 1). About two-thirds of patients were male and the mean age was 76.8 years. 

Compared to non-NAFLD patients, those with NAFLD were older. Overall, 74.8% of 

patients with HCC had cirrhosis. The proportion of patients with cirrhosis varied by 

etiology, with a higher proportion among patients with ALD (90.4%) and HCV (89.0%) 

and a lower proportion in those with HBV (80.9%), NAFLD (57.9%), and other/no (53.9%) 

etiologies.

NAFLD etiology is associated with lower HCC surveillance

Approximately two-thirds of patients (64.6%) had any surveillance (inconsistent or 

consistent), but only 15.2% of patients had consistent surveillance. Surveillance receipt 

varied by etiology and was less frequent in NAFLD (Figure 1A). This proportion increased 

when the analysis was restricted to the subgroup of patients with cirrhosis, with 70.4% 

of patients receiving surveillance, but surveillance receipt was still lowest in patients with 

NAFLD (Figure 1B). Among those who had any surveillance, 67.3% had at least one or 

more CT or MRI as a surveillance test. The proportion who had CT or MRI imaging 

were similar between NAFLD and non-NAFLD (64.9% vs. 68.3%, P=0.06). NAFLD 

was associated with a lower likelihood of consistent HCC surveillance receipt (reference: 

HCV) in multivariable (adjusted OR [aOR]: 0.22, 95% CI: 0.17–0.28) analyses (Table 

2). Compared to HCV, NAFLD remained associated with a lower likelihood of any HCC 

surveillance receipt (consistent or inconsistent) in multivariable (aOR: 0.37, 95% CI: 0.32–

0.44) analyses (Table 2). In subgroup analyses, results remained consistent when restricted 

to the subgroup of patients with cirrhosis (Supplementary Table 2).

NAFLD is associated with lower early-stage HCC detection, curative therapy receipt, and 
worse overall survival

Overall, 19.0% of patients presented with early-stage HCC and 22.9% received potentially 

curative treatment. A lower proportion of patients with NAFLD had early-stage HCC 

(13.0%) and received potentially curative treatment (17.7%) (Table 1). In multivariable 

analyses, NAFLD was associated with lower early-stage HCC (aOR: 0.49, 95% CI: 0.40–

0.60) and curative treatment receipt (aOR: 0.75, 95% CI: 0.62–0.91) compared to those with 

HCV-related HCC (Table 3).

The median OS of the entire cohort was 15 months (IQR: 6–39 months). Median OS 

was 12 (IQR: 5–32 months), 20 (IQR: 8–48 months), 24 (IQR: 8–66 months), 14 (IQR: 

6–31 months), and 15 (IQR: 6–38 months) months for HCC patients with NAFLD, HCV, 

HBV, ALD, other/none etiology, respectively (P<0.001; Figure 2). NAFLD was associated 

with worse OS in univariate (hazard ratio: 1.37, 95% CI: 1.27–1.49) and multivariable 

analyses (adjusted hazard ratio: 1.20, 95% CI: 1.09–1.32). (Table 4). There was a consistent 

association between NAFLD etiology and worse survival across most subgroups, although 

survival appeared similar in subgroups with consistent surveillance, early-stage HCC, and 

those who underwent curative treatment (Supplementary Figure 2). In multivariable analysis, 
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other factors associated with worse OS included older age, lower socioeconomic status, lack 

of HCC surveillance, advanced tumor stage, presence of ascites and hepatic encephalopathy, 

and noncurative treatment (Table 4).

NAFLD subgroup analysis

We assessed predictors for surveillance, early-stage cancer detection, treatment, and OS 

among patients with NAFLD (n=1,813). Cirrhosis was the strongest predictor of surveillance 

receipts (Supplementary Table 3). Similar to the results in the overall cohort, female sex 

and younger age were associated with higher surveillance receipt and higher early-stage 

detection (Supplementary Table 3–4). Black race was associated with lower likelihood of 

early-stage HCC and curative treatment receipt (Supplementary Table 3–4). Early-stage 

HCC, absence of ascites and hepatic encephalopathy, receipt of surveillance and curative 

treatment receipt were associated with improved OS (Supplementary Table 5).

Next, we investigated the potential impact of coexisting liver diseases on clinical outcomes. 

In this analysis, we used an inclusive definition of NAFLD, including those with coexisting 

liver diseases [NAFLD+HCV (n=1,330), NAFLD+alcohol (n=768), NAFLD+HBV (n=193), 

and NAFLD+other liver diseases (n=158)]. NAFLD with coexisting liver diseases was 

associated with higher surveillance receipt, higher early-stage detection, and higher 

curative treatment than those with NAFLD alone (Supplementary Table 6–7). Patients with 

coexisting liver diseases have similar to modestly improved OS compared to those with 

NAFLD alone (Supplementary Table 8).

DISCUSSION

In this large population-based cohort study of US Medicare beneficiaries, NAFLD was the 

leading cause of HCC. Further, NAFLD was associated with a lower likelihood of receiving 

HCC surveillance, likely due to a lower proportion of patients with underlying cirrhosis. 

As a result, NAFLD was associated with lower early-stage HCC detection and curative 

treatment receipt than other liver disease etiologies. NAFLD was an independent predictor 

of worse OS after adjusting for demographic and socioeconomic characteristics, medical 

comorbidities, tumor stage, surveillance, and type of treatment although the strength of 

association was modest. Subgroup analyses among NAFLD patients showed that early-stage 

HCC, absence of severe liver diseases (ascites, hepatic encephalopathy), surveillance and 

curative treatment receipts showed a strong association with improved OS. Finally, NAFLD 

with coexisting liver diseases is associated with increased surveillance, early-stage HCC 

detection and curative treatment receipt compared to those with NAFLD alone.

With the rapidly rising burden of NAFLD in the US, NAFLD is considered as one of the 

leading etiologies of HCC.5 A recent study from the Texas HCC Consortium showed that 

NAFLD was the underlying cause of cirrhosis in 23% of patients overall and 34% in the 

Hispanic subgroup.4 NAFLD is also the most rapidly rising etiology of HCC among liver 

transplant registrants.6 Similar to the results from the United Network for Organ Sharing 

(UNOS) database,6 we showed that NAFLD is the leading etiology of HCC between 2011–

2015 among Medicare beneficiaries in the US. This represents a significant increase in the 

burden of NAFLD-associated HCC, as it was previously the third most common etiology 
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of HCC after HCV and alcohol in a SEER-Medicare study that included patients diagnosed 

between 2004 and 2009.1

Consistent surveillance was performed in a very small proportion of patients (15.2%), 

with higher surveillance among those with viral etiology (26.8% for HCV and 23.6% 

for HBV) and lower in NAFLD (5.3%). While the association between etiology and 

surveillance receipt was discordant in previous studies,20, 21 we demonstrated that NAFLD 

is associated with lower surveillance receipt compared to other etiologies after adjusting 

for demographics, socioeconomic status, and medical comorbidities. Recently, Singal et 

al. summarized a conceptual model for the HCC screening continuum and reasons for 

surveillance failure.22 One of the key reasons for the low surveillance in HCC compared 

to other cancers (e.g., breast or colon cancer) is difficulty with identification of high-risk 

populations. 22 It is noteworthy that 42.1% of HCC patients attributable to NAFLD have 

no cirrhosis, and this group of patients is not included in recommended surveillance 

populations.5 This may partly explain why NAFLD is associated with lower surveillance 

receipt. Despite the low incidence of HCC in noncirrhotic NAFLD3, the burden of HCC 

will continue to increase given its high prevalence in the general population. Thus risk 

stratification for HCC in noncirrhotic NAFLD with low cost, high accurate biomarkers will 

be important to identify high-risk patients even in the absence of cirrhosis who might benefit 

from the surveillance program.23

We also observed that surveillance receipt is less frequent in the subset of NAFLD patients 

with cirrhosis. We believe that lower surveillance receipt in NAFLD is in part due to higher 

prevalence of unrecognized cirrhosis among cirrhotics in addition to a higher proportion of 

patients without cirrhosis. A population-based study from Olmsted County showed that 41% 

of cirrhotic patients had unrecognized cirrhosis at HCC diagnosis and unrecognized cirrhosis 

was highest in NAFLD (62%).9 While the proportion of unrecognized cirrhosis (24.6%) 

was lower in a Veterans Administration (VA) hospital study, NAFLD was associated with 

a 4.8-fold increased likelihood of having unrecognized cirrhosis compared to HCV.11 A 

higher proportion of unrecognized cirrhosis, particularly in NAFLD, is partly due to a lack 

of screening program for NAFLD in contrast to HCV or HBV. Furthermore, symptoms 

and laboratory/imaging changes from early cirrhosis are often subtle, thus identification 

of eligible candidates for HCC surveillance is difficult, particularly in patients with 

NAFLD. Further effort to facilitating tailored strategies to maximize the effectiveness of 

HCC surveillance for NAFLD is an urgent need. Artificial intelligence-guided recognition 

of NAFLD-related cirrhosis via laboratory and imaging-based algorithms may improve 

identification of appropriate candidates for surveillance implementation. For example, the 

NAFLD ridge score is a machine learning-based model that can detect NAFLD with 87% 

accuracy using commonly available blood test results.24 Similarly, machine learning models 

have been used to detect cirrhosis using routine clinical parameters with 90% accuracy.25

We observed that HCC patients with NAFLD had a lower likelihood of presenting at 

early-stage disease. Similar results were seen in the previous studies.1, 26 More advanced 

HCC stage in NAFLD is likely due to a lower surveillance implementation as well 

as limited accuracy of surveillance tests. For example, the accuracy of ultrasound and 

alpha-fetoprotein, the two most commonly used surveillance tests, is lower in patients 
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with NAFLD.27–29 This might lead to failure of surveillance test to detect early-stage 

HCC in NAFLD.30 NAFLD was inversely associated with curative treatment receipt likely 

attributed to a lower proportion of patients with early-stage HCC and increased medical 

comorbidities. Impact of surveillance test (US, CT/MRI, novel blood-based biomarkers) on 

clinical outcomes in NAFLD associated cirrhosis and HCC should be further investigated in 

a future study.

Association between NAFLD etiology and OS has been controversial in HCC.7, 21, 26 While 

a previous analysis with SEER-Medicare database showed that NAFLD is associated with 

21% increased risk of mortality7, a recent single-center study of 92 NAFLD-related HCC 

showed no association between NAFLD (vs. viral etiology) and OS. An Italian multicenter 

study with propensity score matching analysis showed no significant difference in survival 

between NAFLD and HCV-related HCC.26 Our results showed that survival was shorter 

in the NAFLD-related HCC group, albeit modest. While this association could be due 

to residual confounders, such as older patients, increased medical comorbidities, larger 

tumor burden, worse outcome in NAFLD-related HCC could be due to different underlying 

tumor biology. It is well known that the underlying molecular pathogenesis of HCC varies 

by underlying etiology.31 Multiples studies have demonstrated a difference in the rate of 

tumor progression and treatment response by underlying etiology of HCC.32–34 Of note, 

survival appeared similar between NAFLD and HCV in several subgroups with consistent 

surveillance, early-stage HCC, and those who underwent curative treatment, suggesting 

that early HCC detection via surveillance and curative treatment receipt might mitigate 

the prognostic disadvantage observed in those with NAFLD-related HCC. However, the 

prognostic impact of NAFLD should be interpreted with caution in view of only mild 

effect size (HR of 1.2) and lack of adjustment for granular clinical data. Finally, NAFLD 

subgroup analysis showed that prognostic factors are comparable between overall HCC 

patients and NAFLD subgroup. NAFLD patients without coexisting chronic liver diseases 

had lower surveillance and early-stage detection than those with coexisting liver disease; this 

subgroup analysis supports that worse outcomes among NAFLD patients may be mediated 

by underrecognition of underlying liver disease and cirrhosis.

We acknowledge that our study has several limitations, including those inherent to large 

administrative datasets. First, we used ICD-9 and ICD-10 codes to define the underlying 

etiology of HCC, and NAFLD can often be under-coded. To address this limitation, we 

defined NAFLD using a broader list of ICD-9 and ICD-10 codes including related metabolic 

conditions (e.g., diabetes, obesity, hyperlipidemia), as in prior studies.7 We used a hierarchy 

to classify patients into one etiology. While this approach allows to have a pure group 

of NAFLD-associated HCC, those with NAFLD and other coexisting liver disease (e.g., 

alcohol) would have been classified as non-NAFLD associated HCC. Thus, the results 

likely under-estimated the true burden of NAFLD-associated HCC. Second, SEER-Medicare 

lacks granularity, including data on liver disease severity (e.g., Model for End-stage Liver 

Disease, Child-Pugh Score) which is an important prognostic factor in patients with HCC. 

In addition, the SEER staging system is less clinically applicable compared to the Barcelona 

Clinic Liver Cancer (BCLC) staging system, the most commonly used staging system for 

HCC. We addressed this limitation by defining early-stage cancer based on single and 

small tumor size (≤5 cm) without vascular invasion or metastasis as opposed to using 
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SEER stage classifications (localized, regional, distant) which are less clinically relevant in 

HCC. Finally, Medicare population represents older individuals and the study results might 

not be generalizable to younger patients with HCC. This bias may be particularly evident 

among patients with HBV as their average age of HCC diagnosis is much younger. The 

older population in this study may have also had lower eligibility for curative treatments 

such as liver transplantation than younger HCC patients. However, we believe this is an 

important population to study given the aging demographic of patients with HCC. Despite 

these limitations, this is the largest contemporary cohort of patients to describe NAFLD as 

the leading etiology of HCC in Medicare-population and its association with surveillance 

utilization, early-stage detection, curative treatment receipt, and OS.

In conclusion, our study shows that NAFLD is the leading etiology of HCC among Medicare 

beneficiaries in the United States. These results emphasize that HCC risk stratification of 

non-cirrhotic NAFLD and early recognition of cirrhosis among patients with NAFLD will 

be critical to increase surveillance implementation and earlier detection of HCC, resulting in 

increased utilization of curative treatment and improved survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BACKGROUND

NAFLD is emerging as a major etiology of HCC. We aimed to estimate the burden of 

NAFLD-related HCC and magnitude of associations with surveillance receipt, clinical 

presentation, and outcomes.

FINDINGS

NAFLD was the leading etiology of HCC among Medicare beneficiaries in the United 

States. NAFLD was associated with lower HCC surveillance receipt, lower early-stage 

cancer detection, and modestly worse overall survival.

IMPLICATIONS FOR PATIENT CARE

Multi-faceted interventions are urgently needed to improve surveillance uptake, which 

can lead to early-stage cancer detection, curative treatment and improving prognosis of 

patients with NAFLD-related HCC.

Karim et al. Page 12

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2024 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. HCC surveillance receipt by etiology
(A) All HCC patients.

(B) HCC patients with cirrhosis.

A low proportion of individuals with NAFLD-associated HCC had surveillance.

ALD, alcoholic liver disease; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, 

hepatitis C virus; NAFLD, nonalcoholic fatty liver disease.
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Figure 2. Overall survival, stratified by HCC etiology.
Patients with NAFLD had the shortest median overall survival among subgroups with 

different etiologies. ALD, alcoholic liver disease; HBV, hepatitis B virus; HCV, hepatitis C 

virus; NAFLD, nonalcoholic fatty liver disease.
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