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Abstract

Background & Aims—Non-alcoholic fatty liver disease (NAFLD) is a risk factor for
hepatocellular carcinoma (HCC). However, no systemic studies from the United States have
examined temporal trends, HCC surveillance practices, and outcomes of NAFLD-related HCC.

Methods—We identified a national cohort of 1500 patients who developed HCC from 2005
through 2010 from Veterans Administration (VA) hospitals. We reviewed patients’ full VA
medical records; NAFLD was diagnosed based on histologic evidence for, or the presence of,
metabolic syndrome in the absence of hepatitis C virus (HCV) infection, hepatitis B, or alcoholic
liver disease. We compared annual prevalence values for the main risk factors (NAFLD, alcohol
abuse, HCV), as well HCC surveillance and outcomes, among HCC patients.

Results—NAFLD was the underlying risk factor for HCC in 120 patients (8.0%); the annual
proportion of NAFLD-related HCC remained relatively stable (7.5%-12.0%). In contrast, the
proportion of HCC cases associated with HCV increased from 61.0% in 2005 (95% confidence
interval, 53.1%-68.9%) to 74.9% in 2010 (95% confidence interval, 69.0%-80.7%). The
proportion of HCC cases associated with only alcohol abuse decreased from 21.9% in 2005 to
15.7% in 2010, and the annual proportion of HCC cases associated with hepatitis B remained
relatively stable (1.4%-3.5%). A significantly lower proportion of patients with NAFLD-related
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HCC had cirrhosis (58.3%) compared to patients with alcohol- or HCV-related HCC (72.4% and
85.6%, respectively; P<.05). A significantly higher percentage of patients with NAFLD-related
HCC did not receive HCC surveillance in the 3 years before their HCC diagnosis, compared to
patients with alcohol- or HCV-associated HCC. A lower proportion of patients with NAFLD-
related HCC received HCC-specific treatment (61.5%) than of patients with HCV-related HCC
(77.5%; P<.01). However, 1-year survival did not differ among patients with HCC related to
different risk factors.

Conclusions—NAFLD is the third most common risk factor for HCC in the VA. The proportion
of NAFLD-related HCC was relatively stable from 2005 through 2010. Although patients with
NAFLD-related HCC receive less HCC surveillance and treatment, a similar proportion survive
for 1 year, compared to patients with alcohol- or HCV-related HCC.
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INTRODUCTION

The incidence of hepatocellular carcinoma (HCC) is increasing in the United States
(U.S.).1: 2 Most of this increase has been attributed to the aging of individuals infected with
hepatitis C (HCV) in the 1960s and 1970s.2 However, non-alcoholic fatty liver disease
(NAFLD) has become the most common cause of chronic liver disease in the U.S.(4) It is
estimated that 10-46% of individuals in the U.S. have NAFLD, 3-5% may have non-
alcoholic steatohepatitis (NASH).> ¢ NAFLD and NASH is also likely contributing to the
burden of advanced liver disease. Indeed, most patients with cryptogenic cirrhosis are now
thought to have NAFLD or NASH.”: 8 In 2010, NASH was the fourth most common cause
of liver transplantation in the U.S.° A recent systematic review showed that NAFLD/NASH
related-cirrhosis is associated with higher risk of HCC, although the risk was reportedly
lower than that related to HCV cirrhosis.1? Given the sheer number of patients with
NAFLD/NASH, it is possible that even a small risk of HCC may translate into a large
number of HCC patients. However the burden of NAFLD-related HCC is not well defined.

In addition to the unclear contribution of NAFLD to the current burden of HCC in the U.S.,
the clinical and prognostic features of NAFLD-related HCC are also only emerging.
Available data suggest that patients with HCC due to NAFLD are older, have less aggressive
tumors and are less likely to be diagnosed by surveillance compared to HCC due to viral
hepatitis. However, most of this information is based on reports from referral centers and do
not represent community practice.11-13

Using data obtained from the national Veterans Health Administration (VA) system, we
estimated the prevalence of HCC attributable to NAFLD, alcohol abuse and HCV in a
representative sample of 1,500 patients who were diagnosed with HCC during fiscal years
2005-2010. We also compared receipt of surveillance prior to HCC diagnosis, the stage of
HCC at diagnosis, and subsequent outcomes (receipt of HCC treatment and overall survival)
in patients with NAFLD-related HCC compared to patients with HCC from other etiologies.
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METHODS

Data sources

Data were obtained from VA administrative data files and review of patient electronic
medical records (EMR). Administrative data included the Medical SAS (MedSAS)
Outpatient and Inpatient files, and the VA Vital Status File. The MedSAS files contain
patient demographic data as well as diagnoses according to International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and procedures according to
Common Procedural Terminology (CPT) codes. We determined date of death, if any, in the
Vital Status File that uses an algorithm to select the “best” date of death using the VA
MedSAS Inpatient file, Beneficiary Identification & Records Locator System Death File,
Medicare Vital Status file, and Social Security Administration death file.14 Patient EMR
information was obtained by accessing the Compensation and Pension Records Interchange
(CAPRI), which is a VA application that provides access to the EMR found in the
Computerized Patient Record System (CPRS) at any VA facility nationwide. EMRs were
manually reviewed using a structured data abstraction tools by trained medical record
abstractors (ST and SM).

Study population

We identified a national cohort of 10,695 patients who had an HCC diagnosis in all VA
hospitals during October 1, 2004 to September 30, 2011 (fiscal years 2005-2010). HCC
diagnosis was identified based on the presence of ICD-9 CM code 155.0 (malignant
neoplasm of liver) and in the absence of code 155.1 (intrahepatic cholangiocarcinoma).1®
We subsequently selected a random computer generated sample of 2,719 patients for
medical record review to confirm HCC diagnosis, and determine if eligibility criteria
(below) were met. We included patients in the study cohort if they had HCC diagnosis made
by histopathology or imaging criteria according to the 2005 American Association for the
Study of Liver Disease or European Association for the Study of Liver Disease
guidelines.16: 17 We excluded 830 patients out of 2,719 because HCC diagnosis could not be
confirmed. Further, we excluded patients without recent VA healthcare utilization (at least
one inpatient or outpatient encounter at any VA facility within the 1-year prior to the date of
HCC diagnosis) or cases presenting with HCC recurrence and first HCC diagnosis prior to
study period or recieved treatment before establishing guideline based diagnosis (n=389).
Thus our final study cohort included 1,500 patients with verified HCC.

Patient characteristics and HCC management

We ascertained age, gender, race/ethnicity, clinical characteristics including Model for End
Stage Liver Disease (MELD) score, indicators of advanced liver disease (ascites,
encephalopathy, varices), medical comorbidities (diabetes, chronic obstructive pulmonary
disease, congestive heart failure, myocardial infarction, hypertension, peripheral vascular
disease and end stage renal disease) and mental health disorders (bipolar disorder, psychosis,
post-traumatic stress disorder) for each patient. We ascertained Barcelona Clinic Liver
Cancer (BCLC) HCC stage at diagnosis (A-D) by capturing tumor number and size from
imaging report and performance status from physician notes. We classified patients as
having cirrhosis if they had evidence of cirrhosis on a liver biopsy obtained any time before
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diagnosis of HCC, features suggestive of cirrhosis on abdominal imaging, or had abnormal
values on two of three laboratory results available within 6 month prior to and 4 weeks after
HCC diagnosis (albumin <3.0g/l, platelets <200,000 microliter, INR >1.1). HCC
surveillance was defined as receiving abdominal ultrasound, computed tomography (CT) or
magnetic resonance imaging (MRI) with an indication of screening/surveillance for HCC, or
any alpha-fetoprotein (AFP) test within the 3-years prior to HCC diagnosis. All of the above
information was manually abstracted from the EMR. HCC specific treatment was defined as
receipt of liver transplantation, hepatic resection, ablation (alcohol, cryoablation or
radiofrequency), trans-arterial chemoembolization (TACE) or chemotherapy received during
the 12-months following HCC diagnosis captured by ICD-9-CM or CPT codes (Appendix).

Risk factors for HCC

Information was collected on the presence of HCV, hepatitis B (HBV) and alcohol abuse.
HCV status was determined by the presence of a positive anti-HCV or HCV ribonucleic acid
(RNA) tests. HBV was defined by a positive surface antigen (HBsAg). Alcohol abuse was
defined as history of more than 3 drinks a day, alcoholism/alcohol abuse stated in a
physician progress notes, enrollment in a substance abuse treatment program or history of
alcoholic hepatitis. Less common causes of HCC such as hemochromatosis, Wilson’s
disease, alpha-1 anti-trypsin deficiency or autoimmune hepatitis were captured when
diagnostic laboratory tests results were positive (e.g., homozygosity for C282Y) or
diagnoses were listed in the problem list or progress notes.

NAFLD-related HCC

NAFLD was defined by features of hepatic fatty infiltration on histopathology report or
presence of metabolic syndrome in the absence of HCV, HBV, alcohol abuse, and no
documentation of primary biliary cirrhosis, primary sclerosing cholangitis, autoimmune
hepatitis, hemochromatosis or Wilson disease prior to HCC diagnosis. Metabolic syndrome
was defined using National Cholesterol Education Program Adult Treatment Plan 111
guidelines.18 The only exception was elevated waist circumference was replaced by body
mass index (BMI) > 28.8 kg/m2 in both men and women; this modification has been
validated in a previous study.1® We captured hypertension, diabetes and dyslipidemia when
these diagnoses were stated in physician note or problem list or when on treatment for these
conditions on manual chart review.

Statistical analysis

Demographic, clinical features and receipt of HCC surveillance were compared among the
three mutually exclusive groups of HCC patients: (1) NAFLD, (2) alcohol abuse only, (3)
and HCV (patients having HCV irrespective of any other risk factor) using chi-square for
discrete variables and t-test for continuous variables. We calculated the proportions of HCC
cases attributable to each of these risk factors for the entire study period and in each fiscal
year. Survival was defined as time between HCC diagnosis to death or end of study follow-
up (July 30, 2012) and was examined by Kaplan Meier analyses stratified by risk factor for
HCC. Differences in the cumulative survival by risk factor were evaluated using log rank
tests. Cox proportional hazards models were conducted to identify the effect of NAFLD,
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HCYV or alcohol-related HCC on time to death (mortality risk) while adjusting for several
demographic and clinical characteristics. Deyo comorbidity index was calculated to adjust
for non-hepatic comorbidities.2? Hazard ratios (HR) and their accompanying 95% CI were
calculated. Analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC).

The study cohort comprised of 1,500 patients diagnosed with HCC during fiscal years 2005—
2010. Their mean age at the time of diagnosis was 63.7 years (standard deviation=9.5) and
the vast majority were men (99.8%). The greatest proportions of patients were white non-
Hispanic (59.8%), followed by blacks (26.1%) and Hispanics (11.9%). A liver mass biopsy
was available in 786 (52.4%) cases to confirm diagnosis of HCC, and the rest were
diagnosed according to radiological features. HCV testing was performed in 96.1%, and
HBYV testing in 89.5% of the study cohort.

Overall, 120 (8.0%) of all HCC cases had NAFLD, 1,013 (67.5%) HCV, 69 (4.6%) HBV,
1209 (80.6%) alcohol abuse, 26 (1.7%) other risk factors (hemochromatosis, alpha-1 anti-
trypsin deficiency or autoimmune hepatitis) and 927 (61.8%) had more than one risk factor.
Alcohol abuse and HCV were the most common co-existent risk factors being present in 863
(57.5%) patients while in 286 (19.1%) of cases alcohol abuse was the only major risk factor.
No risk factor could be identified in 39 (2.6%) patients. The annual proportions of NAFLD-
related HCC were relatively stable between 7.5% and 12.0% (Figure 1). In contrast, HCV
related HCC increased from 61.0% (95% CI 53.1-68.9) in 2005 to 74.9% (95% CI 69.0—
80.7) in 2010. Proportion of HCC patients with alcohol abuse as the only major risk factor
showed a declining trend from 21.9% (95% CI 15.2-28.6) in 2005 to 15.7% (95% CI 10.3—
20.1) in 2010. The annual proportion of HBV related HCC remained relatively stable
between 1.4% and 3.5%.

NAFLD-related HCC patients were significantly older and more likely to be white
compared to patients with HCV or alcohol abuse related HCC (Table 1). NAFLD-related
HCC patients were less likely to have mental health comorbidities but more likely to have
cardiovascular comorbidities such as hypertension or CHF compared to patients with
alcohol abuse or HCV related HCC. Only 58.3% of patients with NAFLD-related HCC had
underlying cirrhosis before or at time of HCC diagnosis; this proportion which was
significantly lower than in patients with alcohol abuse (72.4%, P=0.02) and HCV-related
HCC (85.6%, P<0.01).

More patients with NAFLD-related HCC (56.7%) did not receive HCC surveillance within
3-years prior to their HCC diagnosis compared to 40.2% with alcohol abuse related HCC
(P<0.01) and 13.3% of those with HCV (P<0.01, Table 2). A significantly higher proportion
of NAFLD-related HCC patients had AFP < 20 ng/ml measured within 6 months of HCC
diagnosis as compared to alcohol abuse and HCV related HCC. At the time of HCC
diagnosis, only 5.8% of NAFLD-related HCC cases were classified as early stage HCC
(BCLC Stage A) compared to 5.6% and 15.7% with alcohol abuse and HCV, respectively. A
higher proportion of NAFLD-related HCC tumors were well differentiated as compared to
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alcohol abuse and HCV related HCC although it did not reach statistical significance and
many patients did not have liver biopsy (Table 2).

The proportion of patients not receiving any HCC specific treatment was significantly
higher in NAFLD-related HCC as compared to HCV-related HCC (77.5% vs. 61.5%,
P<0.01, Table 2) but not different to alcohol abuse related HCC (77.5% vs. 74.5%, P=0.69).
Among those who received HCC specific treatment, NAFLD-related HCC patients were
significantly less likely to receive potentially curative treatment (transplantation, resection or
ablation) as compared with patients with HCV related HCC (10.9% vs. 21.9%, P<0.01) but
not different from alcohol abuse related HCC (10.9% vs. 13.9%, P=0.69).

The Kaplan Meier curves (Figure 2) shows that the cumulative mortality was not
significantly different across the three types of HCC risk factors (log rank=0.09). The 1-year
survival following diagnosis was 46.7% in NAFLD, 44.7% in alcohol abuse and 50.0% in
HCV. In unadjusted Cox proportional hazards models with alcohol abuse as the only risk
factor was associated with decreased survival as compared to HCV or NAFLD-related HCC
(HR 1.2, 95% CI 1.0-1.4). The fully adjusted multivariate Cox regression model is shown in
Table 3. The underlying risk factors for liver disease were not significantly associated with
time to death after adjusting for age, race, stage, MELD score, Deyo index, receipt of
treatment and surveillance. The differences seen in the unadjusted analysis were explained
almost entirely in the multivariate model by adjusting for the effects of surveillance, HCC
stage and treatment received suggesting that differences in survival were either due to late
detection and or non-receipt of treatment.

DISCUSSION

Our study shows that in the VA population between 7.5% and 12.0% of HCC cases were
related to NAFLD and this proportion remained stable over the study period. We observed
that NAFLD-related HCC patients have a distinct phenotype — older age, more like to be
whites and less severe liver dysfunction at diagnosis as compared to HCC from other causes.
These patients received less medical attention as shown by lower rates of surveillance and
treatment.

An earlier study on risk factors in HCC in VA population during 1993-1998 showed that
44.0% of HCC did not have any identifiable risk factors but NAFLD was not evaluated in
that study.2! The combined proportion of NAFLD-related or cryptogenic HCC in our study
is still much smaller. There are several possible reasons to explain this finding. Testing for
HCV was not widespread in 1990 when the prior study was conducted so there is possibility
of testing bias leading to the high number of cryptogenic HCC cases. In addition, the earlier
study identified risk factors using ICD-9-CM codes which could have resulted in some
potential misclassification of risk categories. In this study, we used comprehensive chart
review to identify risk factors and hence increased the likelihood of accurate risk factor
classification.

We observed HCV related HCC increased from 61.0% in 2005 to 74.9% in 2010. Our
findings have two important implications. First, the proportion of HCV related HCC is
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continuing to rise thus confirming the prediction of previous modeling studies.?? Second,
NAFLD-related HCC has remained stable over the study period. In the United States, two
studies conducted seven years apart, both showed the proportion of NAFLD-related HCC to
be stable around 13.0%.11: 23 Similar findings were reported from Europe where a multi-
center study also showed the proportion of cryptogenic HCC to be stable over a period of 15
years.24 However, NAFLD and cryptogenic HCC could not be distinguished due to absence
of data on body mass index and lipid profile. It is possible that given the relative recency of
the obesity epidemic and lag period of several decades required for NAFLD to develop into
cirrhosis and or HCC that the impact of the NAFLD-related advanced liver disease has not
been realized yet.

Consistent with previous studies, we observed that NAFLD-related HCC patients were more
likely to be older and white and less likely to be African-American as compared to HCV.
The ethnic differences could be explained due to the higher prevalence of NAFLD among
white population as well as the faster rate of disease progression in this population. There is
evidence to suggest that both factors may contribute to this finding. The Dallas Heart Study
showed higher prevalence of hepatic steatosis among white as compared to African-
Americans despite similar prevalence of risk factors among these groups.2® Studies have
also reported that African Americans are less likely to progress from fatty liver to
steatohepatitis.25: 27 Another study showed that while NASH accounted for most
cryptogenic cirrhosis cases among whites it was rare in African-Americans.28

NAFLD patients were less likely to receive surveillance in years prior to diagnosis of HCC.
Absence of reliable serologic biomarkers to diagnose NAFLD combined with a perception
that NAFLD is a benign and indolent disease could prompt less surveillance. A higher
proportion of HCC with underlying NAFLD patients did not have evidence of cirrhosis as
compared to patients with HCV and alcohol abuse related HCC,. This suggestsing that HCC
can develop in NAFLD patients at very early stages or in the absence of cirrhosis or in the
absence of cirrhosis. At present, surveillance for HCC in NAFLD without cirrhosis is not
recommended.16-17 Prior studies have shown that besides NAFLD progression, obesity and
diabetes mellitus are independent risk factors of HCC.2%-3% It is also possible that NAFLD
related cirrhosis has a lower risk of HCC than other risk factors, although the evidence for
this is mixed.36:37

A high proportion of HCC cases (52%) were diagnosed by liver biopsy. This is consistent
with low penetration or acceptance of society guidelines which recommend that HCC can be
diagnosed radiologically without biopsy in the presence of typical imaging features.16:17 The
proportion of HCC patients with BCLC stage A that may have been eligible for curative
treatment was much lower in patients with underlying NAFLD as compared to HCV. In fact,
NAFLD-related HCC patients were more likely not to receive any treatment. We believe
this is a result of decreased surveillance leading to higher tumor burden at diagnosis. Despite
this, overall survival was not different between NAFLD, HCV or alcohol abuse related
HCC. This may be explained by higher proportion of AFP non-secretors suggestive of less
aggressive tumor biology in these patients. Prior research has shown that increasing level of
AFP is an independent predictor of mortality in HCC.38 Studies using resection specimens
from HCC patients have also reported higher frequency of well-differentiated tumors in
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NAFLD-related HCC.3% 40 We did not observe differences in tumor differentiation among
the risk categories; however tumor histopathology was available only among half of the
study cohort. Thus if barriers in surveillance and treatment are overcome, NAFLD-related
HCC may have better survival as compared to HCC from other risk factors. A study on
outcomes of curative treatment in HCC showed that NAFLD-related HCC survived longer
as compared to alcohol or HCV related HCC.13

This study has number of limitations. We used all available VA electronic medical records
to identify risk factors including a search of all progress notes for any evidence of alcohol
abuse prior to HCC diagnosis. However there is still chance of occult alcohol use and
misclassification of risk category between alcohol use and NAFLD. We relied on biopsy or
presence of metabolic syndrome in absence of other risk factors to diagnose NAFLD. Other
patients may have unrecognized components of metabolic syndromes leading to
underestimation of NAFLD cohort. Therefore our findings represent a conservative estimate
of the burden of NAFLD-related HCC. Using only biopsy proven NAFLD will likely lead to
a selection bias, as all patients with NAFLD do not undergo a biopsy to establish diagnosis.
Alternate method is to use administrative data but the accuracy of diagnostic codes to
capture NAFLD is not established. The positive predictive value of diagnostic codes for
HCC was lower than what we have observed in our previous studies because we examined
HCC irrespective of etiology (not limited to HCV+ patients) and used a strict guideline
based algorithm to confirm diagnosis of HCC.15 Although not validated we used CPT codes
to capture type of treatment received for HCC.

In summary, we found that in the VA population NAFLD is the third most common cause of
HCC after alcohol abuse and HCV. The proportion of NAFLD-related HCC remained stable
over the study period suggesting that impact of NAFLD epidemic on HCC has not been
realized yet. Further studies are needed to identify effective methods to overcome barriers in
practice and improve outcomes in this group of patients.
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Figure 1.
Prevalence of HCC stratified by risk factors (NAFLD, Alcohol abuse, HCV, and HBV) over

time.
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Figure 2.
Kaplan Meier plot showing overall mortality stratified by risk factors (NAFLD, Alcohol

abuse and HCV).
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Results from a multivariable Cox proportional hazards model examining risk of mortality among HCC

Table 3

patients with underlying NAFLD, alcohol abuse or HCV

Adjusted Hazard Ratio (95% CI)

Risk factor
NAFLD
Alcohol abuse
HCV
Age
Race
White
Black
Hispanic
Others
MELD score
<10
10-19.9
20+
Deyo index
0
1
2+
BCLC stage
A
B
C
D
Any HCC Surveillance
Yes
No
HCC Treatment
Curative (resection, transplantation, ablation)
Palliative (TACE, chemotherapy)

No treatment

0.8 (0.6-1.0)
0.9 (0.8-1.2)
1.0 (Reference)
1.0 (0.9-1.0)

1.0 (Reference)
1.1 (0.9-1.3)
1.0 (0.8-1.2)
1.0 (0.6-1.5)

1.0 (Reference)
1.4 (1.3-1.7)
1.4 (1.1-1.9)

1.0 (Reference)
1.0(0.8-1.2)
1.0 (0.8-1.1)

1.0 (Reference)
1.7 (1.4-2.2)
2.7 (2.2-3.3)
4.2 (3.4-5.5)

0.8 (0.7-0.9)
1.0 (Reference)

0.3(0.2-0.3)
0.5 (0.5-0.6)
1.00 (Reference)
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ICD-9-CM and CPT Codes Used to Determine the Receipt of HCC-Specific Treatment

Appendix

Codes

Liver transplantation

ICD-9-CM: 50.5, 50.59, 50.51, V42.7, 50.4
CPT: 47135, 47136, 47140, 47141, 47142

Surgical resection

ICD-9-CM: 50.21, 50.22, 50.3
CPT: 47120, 47122, 47125, 47130

Local ablation

ICD-9-CM: 50.29
CPT: 47370, 76490, 76362, 47380, 47382

Trans-arterial chemoembolization

Embolization

ICD-9-CM: 38.80, 38.86

CPT: 37204, 75894

Chemotherapy within 30-days of embolization
ICD-9-CM: 99.25

CPT: J9000, J9280, J9060, 96405, 96408, 96420,
96422, 96423, 96425, 96440, 96445, 96545, 96549,
0331, 0335

Systemic chemotherapy

ICD-9: 99.25

CPT:J9000, J9010, J9190, J9200, J9201, J9217,
J9265, J9060, J9062, J9170, J9178, J9181, J9182,
J9280, J9293, J9370, J9015, J9017, J9035, J9202,
J9055, 90782, 96400, 96405, 96408, 96410, 96412,
96414, 96420, 96422, 96423, 96425, 96440, 96445,
96545, 96549, 0331, 0332, 0335
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