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Background & Aim: Causes of hepatocellular carcinoma (HCC) may change as treatments become available for some liver diseases.
We examined the distribution of HCC cause and survival of a nationwide cohort of insured patients.

Methods: Optum’s de-identified Clinformatics® Data Mart Database (CDM), 2003—2021.

Results: A total of 34707 patients with HCC were included: mean age: 68.3+11.6 years, 61% male, 62% Caucasian, 74% cirrhosis.
Non-alcoholic fatty liver disease (NAFLD) was the most common etiology (38.9%), then hepatitis C virus (HCV) (25.3%),
cryptogenic (18.0%), alcohol-associated liver disease (9.4%), other liver diseases (5.8%) and hepatitis B virus (HBV) at 2.6%.
NAFLD patients were the oldest (mean age 71.1+11.2) and had the highest Charlson Comorbidity Index (CCI) (mean 10.5£3.9), while
HCYV were the youngest (mean age 64.2+9.2 years) and HBV had the lowest CCI (mean 7.2+4.4) (both P<0.0001). The overall 5-year
survival was 18.8% (95% CI 18.2—-19.3) but was lower in the recent 2014-2021 period vs 2003-2013 (18.1% vs 19.5%, P=0.003). The
2014-2021 cohort (inclusive of HCV treatment advances) was significantly older, with more females, fewer Caucasians, more African
Americans, more Hispanics, fewer Asians, more cirrhosis, more NAFLD, and higher CCI (all P<0.001). On multivariable analysis,
males (aHR: 1.13), Caucasians (aHR: 1.46), African Americans (aHR: 1.53) and Hispanics (aHR: 1.28) vs Asians, 2014-2021 (vs
2003-2013) cohort (aHR: 1.12), NAFLD (aHR: 1.14) or cryptogenic liver disease (aHR: 1.45) were associated with increased
mortality (all P<0.001).

Conclusion: HCC patients in more recent time 2014-2021 were more likely to be older, more likely to have nonviral etiology, and
had worse survival compared to those from 2003 to 2013.
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Introduction
Worldwide, hepatocellular carcinoma (HCC) is the sixth most common cancer and the third leading cause of cancer-
related death.! HCC is also among the few cancers with both rising incidence and mortality in the United States.”
HCC develops most commonly in patients with chronic liver disease, particularly those chronically infected with
hepatitis C virus (HCV), hepatitis B virus (HBV), those with alcohol-associated liver disease (ALD), and non-alcoholic
fatty liver disease (NAFLD).” Globally, HBV is the most common etiology of HCC, while previous studies have found
HCV to be the main cause of HCC in the United States.>> However, in the past decade, several major changes in the
causes of liver disease have occurred which may have affected the trends of HCC.*®
Specifically, with the increasing burden of obesity and diabetes globally, NAFLD may now be a major and increasing
cause of HCC.%” In fact, studies on the prevalence of NAFLD have shown that NAFLD is increasing around the world,* !
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while the prevalence of HBV is decreasing and the availability of interferon-free direct-acting antivirals for CHC occurred
with the expectation that the number of CHC-related HCC would decrease.'>'*

Existing studies either examined trends in the mortality of decedents with HCC using death certificate data rather than
examining the distribution of the causes of HCC or survival rates among patients with HCC who are currently alive.
Most prior studies also primarily included data prior to the wide availability of direct-acting antiviral for hepatitis
C. Thus, updated data to evaluate more contemporary impact of antiviral therapy as well as of the rising obesity epidemic
in the causes and survival of patients with HCC are needed.

Given the implications for public health planning, the goal of this study was to examine the distribution of causes of
HCC, their changes over time, and the long-term survival of patients with HCC in a large national sample of patients.
Using nationwide data inclusive of community and academic centers to minimize selection bias, this study provides
updated and etiologic-specific survival rates for patients with HCC to help identify higher risk patients and to inform
future prevention research and intervention. We also provide detailed population-level subgroup data by sex, race/
ethnicity, and etiology to inform future modeling studies and healthcare/public health planning.

Methods
Study Design and Population

We conducted a retrospective study using a nationwide sample of patients with hepatocellular carcinoma from Optum’s
de-identified Clinformatics® Data Mart Database (CDM), which contains de-identified administrative health claims for
patients enrolled in commercial and Medicare Advantage health plans, with medical and prescription drug claims data
and enrollment information for approximately 61 million people, as wells as laboratory test results in a subset of about
31 million people."

Adult (>18 years) patients were included if they had HCC (defined by ICD codes 155.0, C22.0, C22.7, C22.8, C22.9
as consistent with previous studies)'® and >6 months of insurance coverage before the earliest HCC diagnosis (index
date), and no prior liver transplant. Patients were identified as having cirrhosis if they had diagnoses of cirrhosis or
complications of cirrhosis such as hepatic encephalopathy and/or ascites in the presence of a chronic liver disease as

previously described.'” Information about additional variables are included in the Supplemental Methods.

Etiology of Liver Disease
Because liver disease can have more than one cause, we used the following rules to create mutually exclusive categories

of underlying liver disease:

1. Patients were first categorized into the HCV or HBV groups regardless of the presence of any additional etiologies,
such as alcohol use. (Supplemental Table 1)

2. Patients without HCV or HBV were then classified into the “other liver diseases™ group if they had autoimmune
hepatitis, primary biliary cirrhosis, primary sclerosing cholangitis, hemochromatosis, alpha-1 antitrypsin defi-
ciency, or Wilson’s disease.

3. Patients not classified into any of the above groups were then categorized into the ALD group using a definition
adapted from previous work: patients were classified as having ALD if they were diagnosed with alcohol use
disorders, including alcohol abuse, dependence, alcohol withdrawal, alcohol-induced delirium, alcohol-induced
mental disorders, acute alcohol intoxication, alcohol polyneuropathy, alcohol cardiomyopathy, alcohol pancreatitis,
acute alcoholic hepatitis, and alcoholic liver damage in the absence of a known specific liver disease.’

4. Patients not classified into any of the above groups were evaluated for inclusion into the NAFLD group. As
NAFLD-HCC does not have pathognomonic serological, radiological, or histological features, we adapted
a clinical definition of NAFLD based on previous work that reflects the diagnostic process used in clinical
practice, ie, NAFLD is suspected in the presence of risk factors, obesity and diabetes, after the exclusion of other
etiologies.”
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Statistical Analysis

We reported descriptive statistics as counts and percentages for categorical variables and for continuous variables, we reported
mean and standard deviation (SD) for normally distributed variables; otherwise, we reported median and interquartile range
(IQR). Comparisons between subgroups were done using the Student’s t-test of variance or Wilcoxon rank-sum test for
continuous variables and the Pearson chi-squared test for categorical variables. For comparison between three or more groups,
we used the one-way ANOVA test or the Kruskal-Wallis H-test. Overall survival rates were evaluated via the Kaplan—Meier
methods and comparisons among the subgroups were performed using the Log rank test. Predictors for overall survival were
performed using univariable and multivariable Cox proportional hazard regression in a stepwise backward fashion for the latter.
Variables with potential association with survival by prior knowledge or variables with univariable hazard ratio (HR) with
P-value of 0.10 or less were included in multivariable model to estimate adjusted HR (aHR). All analyses were conducted using
Stata 17.0 (College Station, TX), and P-values <0.05 were considered significant.

Results

Study Population and Characteristics of HCC Patients
Overall
In total, there were 34,707 patients with HCC who met our inclusion criteria (Supplemental Figure 1). The overall

cohort’s mean age was 68.3+£11.6 years, 61% were male, 62% were Caucasian, 74% had cirrhosis, the average CCI was
9.0+ 4.2, 4.4% received a liver transplant and 35% received hospice/palliative care (Table 1).

Table | Baseline Characteristics of the Total HCC Cohort by Liver Disease Etiology, 20032021

Characteristic Total HCV HBV ALD NAFLD Cryptogenic | Other* P-value
N=34,707 | N=8,765 N=905 N=3,265 N=13,48, | N=6,261 N=2,028
25.3% 2.6% 9.4% 338.9% 18.0% 5.8%

Mean age (yearsxSD) 683%11.6 | 64.2+9.2 65.2%12.6 | 68.5%10.3 71.1£11.2 | 68.8x14.0 67.8+12.2 <0.0001
Sex (%) <0.001

Male 61.4 747 728 80.8 54.0 48.0 57.6

Female 38.6 253 27.2 19.2 46.0 52.1 424
Race/ethnicity (%) <0.001

Caucasian 62.1 54.6 31.9 65.6 63.0 71.0 68.9

African American 1.7 16.3 9.7 85 1.5 9.1 73

Hispanic 13.7 15.6 9.1 17.3 15.1 7.5 12.1

Asian 47 5.8 41.1 1.9 3.0 3.1 37

Unknown 7.9 7.7 82 6.8 7.5 9.3 8.0
Cirrhosis (%) 737 933 75.7 83.0 65.8 51.6 93.3 <0.001
Advance care directive (%) 8.0 6.7 8.1 9.1 9.7 6.0 6.7 <0.001
Hospice/palliative care (%) 35.2 30.2 25.5 39.2 384 34.1 36.7 <0.001
DCCI (xSD) 9.0+4.2 74443 7.2+44 8.8+4.3 10.5+3.9 8.7+3.2 8.5+4.0 <0.0001
Antiviral therapy (%) - - - - - -

HCV DAA** 29.8

HBV 40.8
Liver transplant (%) 4.4 11.0 6.5 4.0 1.2 0.4 8.2 <0.001
Follow-up (person-years) 46,670 15,782 1794 3807 15,620 6660 3006 -

Notes: *Other liver diseases: autoimmune hepatitis, primary sclerosing cholangitis, primary biliary cholangitis, hemochromatosis, alpha-| antitrypsin deficiency, and Wilson’s
disease. **Includes only patients from 2014 and after.

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; ALD, alcohol-associated liver disease; NAFLD, non-alcoholic fatty liver
disease; DCCI: Deyo Charlson Comorbidity Index.
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Subgroup Analysis

Demographic and Clinical Characteristics by Individual Liver Disease Etiology

By individual liver disease etiology (Table 1), NAFLD was the most prevalent cause of HCC (38.9%, n = 13,483)
followed by HCV (25.3%, n = 8,765), then cryptogenic liver disease (18.0%, n = 6,261), ALD (9.4%, n = 3,265), “other”
liver disease (5.8%, n = 2,028) and lastly HBV at 2.6% (n = 905). Those with NAFLD were the oldest (mean age 71.1+
11.2 years) while those with HCV were the youngest (mean age 64.2+9.2 years, P<0.0001). Those with ALD were more
frequently male (80.8%) while those with cryptogenic were more frequently female (52%, P<0.0001). There were
significant differences in the distribution of liver disease etiology among the racial/ethnic groups (P<0.0001). Those with
HBV were more frequently Asian (41%) compared to all the other etiologies who were more frequently Caucasian
(54.6%—71.0%). Those with other liver diseases and HCV more frequently had cirrhosis (93%) followed by ALD (83%),
HBV (76%), NAFLD (66%) and cryptogenic (52%) (£<0.0001). Those with NAFLD had the highest CCI (mean 10.5
+3.9) while those with HBV had the lowest CCI (mean 7.2+4.4, P<0.0001).

Laboratory Characteristics by Individual Liver Disease Etiology

Overall, the majority of patients fell into ALBI category 1 (57%). However, there were several significant and clinically
relevant laboratory differences among patients with HCC and the different disease etiologies. (Supplemental Table 2)
Specifically, those with HCV had the lowest platelet count and highest AST and ALT values (all P<0.0001). Those with
“other” liver disease also had higher AST and ALT values compared to the other liver disease etiologies except for HCV
but had the highest ALP overall and the largest percent of patients with an ALBI score of 2 (56%) (P<0.0001). On the
other hand, those with HBV, NAFLD and cryptogenic disease were less likely to have abnormal laboratory values and

more frequently had the majority of patients classified as an ALBI 1 compared to the other liver disease etiologies (all
P<0.001).

By Viral versus Nonviral Etiology

In comparing viral versus nonviral etiology (Supplemental Table 3), those with nonviral etiology of HCC were older
(69.9+£12.0 vs 64.3+9.5), more frequently female (44% vs 26%), Caucasian (66% vs 53%), more frequently had a higher
CCI (9.7£3.9 vs 7.3+4.3), more frequently received hospice/palliative care (37% vs 30%), less frequently had cirrhosis
(67% vs 92%), and less frequently received a liver transplant (2% vs 11%) (all P<0.001).

By Sex

Females were slightly older than males overall (68.9+£12.5 vs 68.0+11.0, P<0.0001). Males were more frequently
Caucasian, Hispanic, and Asian (P<0.0001), while females were more frequently African American (P<0.0001).
(Supplemental Table 4) Males more frequently had cirrhosis (78% vs 67%), an ALBI grade of 2 (45% vs 38%), received
HBYV treatment (44% vs 33%) or underwent liver transplantation (5% vs 3%) (all P<0.01). Females were slightly more
likely to have an advanced directive (9% vs 8%), received hospice/palliative care (37% vs 34%), and had a higher CCI
(9.3+4.0 vs 8.9+ 4.2) (all P<0.001).

By Study Time Period
There were notable differences between the study time points of 2003-2013 (time period before HCV DAA treatment)
and 2014-2021 (time period inclusive of HCV DAA treatment). (Table 2A) The study sample was significantly older in
the 20142021 cohort compared to the 20032013 cohort (69.9+£10.8 vs 65.1£12.6, P<0.0001). Other notable shifts in the
2014-2021 cohort included there were more females, fewer Caucasians, more African Americans, more Hispanics and
fewer Asians and “others” compared to the 2003-2013 cohort (all P<0.001). In addition, the 2014-2021 cohort more
frequently had cirrhosis, an advanced directive, received hospice/palliative care, had a higher DCCI (all P<0.001) but
less frequently received a liver transplantation (P=0.006).

Additionally, there has also been a significant shift in the distribution of HCC cause between the two time periods
(P<0.001). Compared to the 2003—2013 period, the proportions of HCV (29.5% to 23.1%) and HBV (3.0% to 2.4%) in
the 2014-2021 have decreased. Meanwhile, the proportions of ALD (7.0% to 10.6%) and NAFLD (31.0% to 42.8%)
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Table 2 Baseline Characteristics in HCC Subgroup by Study Time Period (A) and Race and Ethnicity (B)

Characteristic (A) By Time Period (B) By Race/Ethnicity
2003-2013 | 2014-2021 | P-value | Caucasian | African Hispanic/ Asian P-value
N=11,581 N=23,125 N=21,550 | American Latino N=1619
N=4051 N=4764

Mean age (yearsxSD) 65.1£12.6 69.9£10.8 <0.0001 | 68.5%11.7 68.1£11.0 689115 67.2%12.9 <0.0001
Sex (%) <0.001 <0.001

Male 62.7 60.8 61.6 57.6 62.9 65.4

Female 373 393 384 424 37.1 34.6
Race/ethnicity <0.001 - - - - -

Caucasian 62.4 61.9

African American 10.3 12.4

Hispanic 1.7 14.7

Asian 5.4 43

Unknown 10.2 6.7
Cirrhosis (%) 719 74.6 <0.001 72.6 73.1 79.6 73.6 <0.001
Advance care directive (%) 0.9 1.6 <0.001 7.5 9.8 8.9 8.2 <0.001
Hospice/palliative care (%) 19.5 43.0 <0.001 35.7 38.8 35.1 25.0 <0.001
DCCI (xSD) 8.3+4.0 9.4+4.2 <0.0001 | 9.1%4.1 9.6+4.3 8.9+4.2 7.7%43 <0.0001
ALBI 0.21 <0.001

| 56.3 57.4 58.1 58.3 51.4 63.8

2 43.7 42.6 41.9 41.7 48.6 36.2

3 0 0 0 0 0 0
Antiviral treatment (%)

HCV DAA* - 298 - 31.6 315 25.6 21.5 <0.001

HBV 39.1 41.8 0.41 24.6 443 244 56.2 <0.001
Liver transplant (%) 4.8 4.1 0.006 4.2 37 5.8 5.6 <0.001
Follow-up (person-years) 22,103 24,567 - 28,779 5053 6779 3518 -

Notes: *Includes only patients from 2014 and after.
Abbreviations: HCC, hepatocellular carcinoma; DCCI, Deyo Charlson Comorbidity Index; HCV, hepatitis C virus; DAA, direct acting antiviral; HBV, hepatitis B virus;
ALBI, albumin-bilirubin grade for HCC.

have increased. The proportions of cryptogenic and “other” liver disease were 21.3% and 8.2% in 2003-2013 and 16.4%
and 4.7% in 2014-2021, respectively.

Among those with HCV in 2014-2021 cohort, 30% were treated with an HCV DAA regimen. For HBYV, the antiviral
treatment rate did not change significantly between the 2003—-2013 cohort and the 2014-2021 cohort (39.1% vs 41.8%,
P=0.41).

By Race/Ethnicity
Hispanics were more frequently older (68.9+11.5), had cirrhosis (80%) and more frequently received a liver transplant
(5.8%) compared to the other ethnicities (all P<0.001). (Table 2B)

Asians were the youngest (67.2+12.9), more frequently male (65%), less frequently received hospice/palliative care
(25%), more frequently received HBV treatment (56%), less frequently received treatment for HCV (22%) and had the
lowest CCI score (7.7+4.3) compared to the other ethnicities (all P<0.001). African Americans were less likely to be
male (58%), more frequently had an advanced directive (10%) and to receive hospice/palliative care (39%), had the
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highest CCI (9.6%=4.3), and less frequently received a liver transplant (3.7%) compared to the other ethnicities (all
P<0.001).

Characteristics of NAFLD-Related HCC with and without Cirrhosis

Among the patients with NAFLD, there was no difference in age among those with and without cirrhosis (Table 3).
However, those with cirrhosis were more frequently Caucasian and Hispanic while African Americans were more likely
to have HCC without cirrhosis (P<0.001). Those with cirrhosis were more frequently seen in 2014-2021 (75% vs 70%),
more frequently had diabetes (79% vs 76%), an advanced directive (11% vs 7%), received hospice/palliative care (44%
vs 28%), received a liver transplant (2% vs 0.3%), and had an ALBI score of 2 (45% vs 24%) (all P<0.0001).

HCC Survival

In the Kaplan—Meier assessment, the overall 5-year survival was 18.8% (95% CI 18.2—-19.3). In subgroup analysis, males
had worse 5-year survival compared to females (17.9% vs 20.2%, P<0.0001). (Supplemental Figure 2) By ethnicity,

Asian had by far the best (36.9%) 5-year survival compared to the other ethnicities while African Americans (17.3%) and
Caucasians (17.9%) had the worst (P<0.0001). (Figure 1A) By etiology of HCC, those with HBV had the best 5-year

Table 3 Comparison Between NAFLD-Related HCC Patients with and with-
out Cirrhosis

Characteristic No cirrhosis Cirrhosis P-value
N=4614 N=8869
Mean age (years+SD) 71.1x12.1 71.1£10.7 0.96
Sex <0.001
Male 50.6 55.8
Female 49.4 442
Race/ethnicity (%) <0.001
Caucasian 62.8 63.1
African American 13.5 10.4
Hispanic 13.1 16.1
Asian 3.0 3.0
Unknown 7.6 74
Time period <0.001
2003-2013 30.5 24.6
2014-2021 69.5 754
Diabetes mellitus (%) 75.6 79.2 <0.001
Advance care directive (%) 72 11.0 <0.001
Hospice/palliative care 279 438 <0.001
DCCI (+SD) 10.5+3.8 10.5£3.9 0.97
ALBI grade <0.001
| 76.0 55.1
2 24.0 44.9
3 0 0
Liver transplant (%) 0.3 1.7 <0.001
Follow-up (person-years) 6135 9486 -

Abbreviations: NAFLD, non-alcoholic fatty liver disease; HCC, hepatocellular carcinoma; DCCI, Deyo
Charlson Comorbidity Index; HCC, hepatocellular carcinoma; ALBI, albumin-bilirubin grade for HCC.
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: P<0.0001 5
5 T3 : o : .
T T T T T T ears of Follow-Up
0 2 4 6 8 10 Number at risk
Years of Follow-Up HCV 8648  (4357) 2524 (604) 1138 172) 588 73) 300 (24) 145
Number at risk HBV 900 (395) 282 (85) 141 ©) 73 @) 41 ) 23
Caucasian 21073  (13048) 4431 (1313) 1755 (304) 823 (110) 451 (47) 218 ALD 3178 (1980) 592 (203) 197 (33) 79 (15) 42 3) 21
Affican-American 3979 (2454) 802 (240) 280 (45) 133 @2) 69 ) 32 NAFLD 13166  (8575) 2365 (741) 854 (150) 393 (53) 222 (35) 108
HispaniciLatino 4685  (2721) 1055 (291) 420 (85) 216 @n 109 (12) 63 Otners 2 (1230) 451 (137) 180 (34) 97 (1) 49 ®) 23
Asian 1603 (726) 545 (98) 291 (29) 167 (10) 90 8) 46 Cryptogenic 6108 (4118) 955 @11y 352 (65) 157 (18) 85 ®) a7
Gaucasian i —_— v Hev A
Hispanic/Latino Asian NAFLD Others Cryptogenic
Survival (95% CI) | Median (years) 5-year (%)
Survival (95% CI) Median (years) 5-year (%) HCV 147 (141-1.54) 27.5 (26.2-28.7)
Caucasian 0.81 (0.78-0.84) 17.9 (172-18.5) HBV 205 (1.63-2.45) 379 (33.9-41.8)
African American 0.80 (0.73-0.85) 17.3 (15.8-19.0) ALD 0.75 (0.68-0.81) 15.3 (13.6-17.0)
Hispanic/Latino 0.95 (0.88-1.04) 20.4 (18.9-22.0) NAFLD 0.65 (0.61-0.67) 15.1 (14.3-16.0)
Asian 202 (1.71-247) 36.9 (34.0-39.8) Others 0.95 (0.88-1.06) 17.5 (154-19.7)
Cryptogenic 0.59 (0.55-0.62) 13.2 (12.0-14.3)
T T T T T T S . i ; . i
‘ : ) Years of Follow-Up i ¢ ° 0 ? : Years of Follow-Up J = 0
Number at risk _ Number at risk
s E DT T EY T T I B E BT E Bz
| 2003:2013 2014202 | | No cirrhosis Cirthosis
Survival (95% CI) Median (years) 5-year (%) Survival (95% CI) Median (years) 5-year (%)
2003-2013 0.88 (0.84-0.93) 19.5 (18.7-20.3) No cirrhosis 0.81 (0.74-0.86) | 23.4 (21.8-25.1)
2014-2021 0.81 (0.78-0.84) 18.1 (17.3-18.9) Cirrhosis 0.58 (0.55-0.61) | 11.3(10.4-12.2)

Figure | Survival of HCC patients by race and ethnicity (A), etiology (B), time period (C) and cirrhosis status in the NAFLD subgroup (D).
Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; ALD, alcohol-associated liver disease; NAFLD, non-alcoholic fatty liver
disease.

survival (37.9%) while those with ALD (15.3%), NAFLD (15.1%) and cryptogenic liver disease (13.2%) had the worse
S5-year survivals (P<0.0001). (Figure 1B) Comparing those with viral HCC to nonviral HCC, 5-year survival in those
with nonviral HCC was only half the survival rate of viral HCC patients (14.9% vs 28.4%, P<0.0001). (Supplemental
Figure 3)

By time period, those in the 2003—-2013 cohort actually had higher 5-year survival (19.5%) compared to the recent
2014-2021 cohort (18.1%) (P=0.003). (Figure 1C) We also investigated survival status by cirrhosis status and among
those with NAFLD with and without cirrhosis. As expected, those with cirrhosis had worse 5-year survival (17.0%)
compared to those without cirrhosis (24.3%, P<0.0001). (Supplemental Figure 4) This finding was also evident among

those with NAFLD cirrhosis whose 5-year survival was significantly lower (11.3%) than those without cirrhosis (23.4%,
P<0.0001). (Figure 1D)

Predictors of Survival

Our multivariable analysis adjusting for age, sex, race/ethnicity, time period, individual liver disease etiology, baseline
CCI, cirrhosis status, ALBI grade, and HCC treatment, factors associated with increased mortality were older age (aHR
1.02, 95% CI 1.01-1.03, P<0.001); male sex (aHR 1.13 (95% CI: 1.08-1.17, P<0.001); being Caucasian (aHR: 1.46,
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95% CI: 1.33-1.60), African American (aHR: 1.53, 95% CI: 1.38-1.70) and Hispanic (aHR: 1.28, 95% CI: 1.16-1.42)
compared to Asian (P<0.001); those in the 2014-2021 cohort compared to earlier patients (aHR 1.12, 95% CI: 1.07-1.17,
P<0.001); having NAFLD (aHR:1.14, 1.08-1.21, P<0.001) or cryptogenic liver disease (aHR:1.45, 95% CI: 1.36-1.55,
P<0.001) compared to untreated HCV; having a higher baseline CCI (aHR: 1.04, 95% CI: 1.03—1.05, P<0.001); having
cirrhosis (aHR: 1.28, 95% CI: 1.22—-1.34, P<0.001); and having an ALBI grade of 2 (aHR: 1.57, 95% CI: 1.51.-1.64,
P<0.001) were all associated with increased mortality (Table 4). Additionally, compared to untreated HCV, DA A-treated
HCV and treated HBV were associated with 47% and 31% reduction in mortality, respectively, while there was no

significant difference in the mortality risk between untreated HCV and untreated HBV.

In an alternative model adjusting for the same variables with etiology combined as viral versus nonviral

(Supplemental Table 5), the predictors noted in the first model for increased mortality were relatively similar.

Table 4 Cox Proportional Hazards Model for

Hepatocellular Carcinoma

Factors Associated with Mortality for Patients with

Predictor Univariable HR (95% CI) | P-value Multivariable HR (95% CI) | P-value
Age 1.03 (1.02—1.04) <0.001 1.02 (1.01-1.03) <0.001
Male 1.06 (1.03-1.09) <0.001 1.13 (1.08-1.17) <0.001
Race/ethnicity

Asian Referent Referent

Caucasian 1.69 (1.57-1.81) <0.001 1.46 (1.33-1.60) <0.001

African American 1.73 (1.60-1.87) <0.001 1.53 (1.38-1.70) <0.001

Hispanic 1.54 (1.43-1.66) <0.001 1.28 (1.16—1.42) <0.001
Time period

2003-2013 Referent Referent

2014-2021 1.05 (1.02-1.08) <0.001 1.12 (1.07-1.17) <0.001
Etiology

HCYV, untreated Referent Referent

HCV, treated 0.45 (0.42-0.49) <0.001 0.53 (0.48-0.59) <0.001

HBYV, untreated 0.94 (0.84-1.05) 0.27 0.97 (0.82—1.14) 0.71

HBYV, treated 0.45 (0.38-0.53) <0.001 0.69 (0.54-0.87) 0.002

ALD 1.28 (1.21-1.34) <0.001 1.05 (0.97-1.13) 0.23

NAFLD 1.35 (1.31-1.40) <0.001 1.14 (1.08-1.21) <0.001

Cryptogenic 1.44 (1.39-1.50) <0.001 1.45 (1.36—1.55) <0.001

Other* 1.12 (1.06-1.19) <0.001 0.98 (0.89-1.07) 0.61
Baseline DCCI 1.05 (1.04-1.06) <0.001 1.04 (1.03-1.05) <0.001
Cirrhosis

No cirrhosis Referent Referent

Cirrhosis 1.10 (1.07-1.13) <0.001 1.28 (1.22-1.34) <0.001
ALBI grade

| Referent Referent

2 1.55 (1.50-1.61) <0.001 1.57 (1.51-1.64) <0.001
HCC treatment

No transplant Referent Referent

Transplant 0.17 (0.15-0.19) <0.001 0.22 (0.19-0.25) <0.001

Notes: *Other liver diseases: autoimmune hepatitis, primary sclerosing cholangitis, primary biliary cholangitis, hemochromatosis, alpha-|
antitrypsin deficiency, and Wilson’s disease.
Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; ALD, alcohol-associated liver disease; NAFLD,
non-alcoholic fatty liver disease; ALBI, albumin-bilirubin grade for HCC.
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However, when the etiologies were combined, the nonviral group compared to the viral group had a significantly
increased risk of mortality (aHR: 1.33, 95% CI: 1.27-1.40, P<0.001).

Discussion

In this large nationwide cohort of 34,707 privately insured HCC patients with diverse ethnicities and liver disease
etiologies, we found the overall 5-year survival to be less than 20% and worse in the recent era (2014-2021, 18.1%) as
compared to survival rates about 10-20 years ago (2003-2013, 19.1%, P=0.003). We also noted that nonviral etiology
made up 72% of HCC cases overall with the vast majority of nonviral cases being NAFLD and increasing. HCC patients
in the latter cohort 2014-2021 (vs 2003-2013) were also older, more likely female, more likely to be Hispanics or
African Americans, more likely to have cirrhosis or comorbidities, but not more likely to receive antiviral therapy for
HBV (~40%) and less than one-third of HCV patients received DAA treatment. On the other hand, there have been
significant improvement in the utility of advance care directives (12%) and hospice/palliative care (43%) in the 2014—
2021 cohort (vs 2003-2013, 1% and 20%, respectively), though both services are still very under-utilized.

HCC incidence continues to increase and this is likely in part due to the increasing prevalence of NAFLD, the
persistent prevalence of ALD, and the poor linkage to care for patients with HBV or HCV.>*"%!2:1820 Ag the birth cohort
of patients with HCV born between 1945 and 1965 ages, this trend will likely continue.?® The initiation of effective HBV
vaccine a few decades ago also contributed to an aging cohort of patients with chronic hepatitis B.'® The COVID
pandemic with the surge in alcohol disuse likely will further contribute to the rising HCC burden in the coming years.?'

In this light, we found that NAFLD-related HCC (38.9%) accounted for the highest percent of HCC among the
etiologies as well as having the lowest rate of liver transplantation along with cryptogenic liver disease. We also found
that there were significant differences by age, sex, race/ethnicities, etiology, and time period. Patients with HCV were the
youngest group while those with NAFLD were the oldest. Patients with HCC overall were more likely to be males,
however, among those with NAFLD-related HCC, the gender ratio was almost 50—50 which was the same finding when
we split the groups by viral vs nonviral HCC etiology. The 2014-2021 cohort was older with more comorbidities and
were less likely to undergo a liver transplant. By ethnicity, African Americans had more comorbidities, the
highest percent of females and the lowest liver transplant rate compared to all the other ethnicities. Interestingly, despite
the widespread availability of DAA treatments now, only 32% of those with HCV HCC were noted to have undergone
treatment while viral suppression treatment was not much better for those with HBV as only 42% of those with HBV
HCC received treatment.

Since NAFLD was the most frequent cause of HCC, we further investigated this subgroup and found that those
without cirrhosis were just as likely to be male as female while those with cirrhosis were more likely to be male but
a significant proportion was still female (44%). Caucasians most frequently had cirrhosis. Perhaps not surprising,
the percent of those with diabetes was significantly increased among those with NAFLD-related cirrhosis, as was the
use of hospice care and having an ALBI score of 2.

Furthermore, the risk of mortality was increased for these same groups. Specifically, males, being Caucasian or
African American, with NAFLD or cryptogenic liver disease, being in the 2014-2021 cohort, with cirrhosis to include
NAFLD cirrhosis had decreased survival. In fact, being African American increased the risk of mortality by 1.5 times
compared to being Asian. Together, these results show that in addition to the prevalence of NAFLD increasing® ' so is
the burden of NAFLD-related adverse outcomes. In addition, those with cryptogenic liver disease actually had the worst
outcomes but there is thought that cryptogenic liver disease is actually a different manifestation of NAFLD.*>* Which,
if this is the case, confirms prior studies that have advocated for the need for increased awareness of this liver disease
among both healthcare practitioners and the general public.”>2*

Given that this is a cohort of patients with private health insurance, the more likely cause of this lack of HCC
treatment is due to late disease presentation rather than lack of access to care although insured patients from rural areas or
without sufficient social and family support may struggle with access to care despite having health insurance coverage.
A recent study from a safety-net medical center in Arizona found a striking difference in the median survival of their
patients who had insurance versus those who did not (32.02 vs 8.35 months).?’ Our suggestion of late presentation is
aligned with prior studies reports about suboptimal adherence to HCC surveillance in patients with chronic hepatitis
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B and patients with cirrhosis of any cause.'”'*?° Thus, improved surveillance and adherence strategies are urgently
needed as well as methods to reach those in rural areas and African American communities.*”

To our knowledge, this is the first real-world nationwide study inclusive of adult HCC patients of all ages in the US
that examined the impact of liver disease etiology, the presence of liver cirrhosis, as well as impact of sex and age to
inform practice and public health efforts. Our study also provided updated data to 2021 so it can better take into account
the effect of the newer direct-acting antivirals for HCV that became available in 2014. The study also provided long-term
mortality data since it records vital statistics from national database, rather than from record review at a given institution
which would miss patient follow-up at other facilities.

Our study also has several limitations. First, Optum reports race/ethnicity using a proprietary algorithm based on
member geography and last name that may not have been well validated. Furthermore, our study suffers inherent
limitations of retrospective study design, such as missing data, for example, our study lacks relevant data that many affect
HCC survival such as tumor staging, and laboratory data for more comprehensive assessment of liver function were
available in only a subset of patients in this database, though laboratory data were still available for the majority of our
total patient cohort (60%, 20,662/34,707). However, as we used an administrative claims database, selection bias and
referral bias would be minimized in our study unlike studies based on institutional databases which tend to come from
more specialized tertiary care centers.

In conclusion, in this large nationwide population-based cohort of insured US patients, 5-year HCC survival remains
dismal at 18% and decreased in the more recent time period 20142021, likely due to the rise of nonviral etiology,
increasing age and comorbidities among this population as well as the persistently low rates of antiviral therapy among
those with HCV or HBV. The major causes of HCC in this cohort include NAFLD, HCV and cryptogenic liver disease
with Caucasian and African American males with an ALBI grade of 2 having the greatest increased risk for mortality.
Culturally sensitive efforts geared towards raising awareness of the main causes of HCC along with linkage to care for
treatment and screening are needed to curtail the rising burden of HCC in the US.
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