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This article has an accompanying continuing medical education activity on page e17. Learning Objective: Upon completion of this
exam, successful learners will be able to (1) describe trends and predictions related to the prevalence, incidence, and etiology of
cirrhosis in US Veterans; (2) describe trends and predictions related to the prevalence, incidence, and etiology of hepatocellular

carcinoma in US Veterans; (3) Identify factors associated with HCV-related cirrhosis.

BACKGROUND & AIMS: Cirrhosis and hepatocellular carci-
noma (HCC) are predicted to increase in the United States but
the accuracy of prior forecasts and the contributions from
various liver disease etiologies remain unclear. We aimed to
determine the burden of cirrhosis and HCC according to un-
derlying cause from 2001 to 2013. METHODS: We developed a
national retrospective cohort of Veterans Affairs (VA) patients
with the diagnosis of cirrhosis (n = 129,998) or HCC
(n = 21,326) from 2001 to 2013. We used laboratory results,
International Classification of Diseases, ninth edition (ICD-9)
codes, and body mass index to identify underlying etiologies.
RESULTS: In 2013, VA provided care to 5,720,614 individuals,
of whom 60,553 (1.06%) had cirrhosis and 7,670 (0.13%) had
HCC. Hepatitis C virus (HCV) was present in an increasing
proportion of cirrhosis and HCC between 2001 and 2013,
reaching 48% of cirrhosis cases and deaths and 67% of HCC
cases and deaths by 2013. Cirrhosis prevalence nearly doubled
from 2001 to 2013 (664 to 1058 per 100,000 enrollees), driven
by HCV and nonalcoholic fatty liver disease (NAFLD). Cirrhosis
incidence ranged from 159 to 193 per 100,000 patient-years.
Deaths in patients with cirrhosis increased from 83 to 126
per 100,000 patient-years, largely driven by HCV. HCC inci-
dence was 2.5-fold increased from 17 to 45 per 100,000
patient-years. HCC mortality tripled from 13 to 37 per 100,000
patient-years, driven overwhelmingly by HCV, with much
smaller contributions from NAFLD and alcoholic liver disease.
CONCLUSIONS: Cirrhosis prevalence and mortality and HCC
incidence and mortality increased from 2001 to 2013, driven
by HCV, with a smaller contribution from NAFLD. If current
trends continue, cirrhosis prevalence will peak in 2021. Health
care systems will need to accommodate rising numbers of pa-
tients with cirrhosis and HCC.

Keywords: Diabetes; Hepatitis B Virus; NASH; Obesity.

C irrhosis and hepatocellular carcinoma (HCC) may
result from any chronic liver disease, including
hepatitis C virus (HCV), hepatitis B virus (HBV), alcoholic
liver disease (ALD), nonalcoholic fatty liver disease

(NAFLD), hemochromatosis, autoimmune hepatitis (AIH),
primary biliary cirrhosis (PBC), and primary sclerosing
cholangitis (PSC). These conditions account for most of the
cases of cirrhosis and HCC in the United States and world-
wide, but their relative contributions to the burden of
chronic liver disease are unclear. It is critical to understand
trends in the causes of cirrhosis and HCC in order to
effectively target disease interventions and plan for future
impact on health care systems.

Previous studies reported increasing prevalence and
incidence of HCV-related cirrhosis and HCC in the United
States’™* despite a sharp decline in new HCV infections after
1990°° and a declining prevalence of HCV infection since
20017 Previous statistical models predicted that the
prevalence of HCV-related cirrhosis and the incidence of HCV-
related HCC would peak around 2020.” As NAFLD becomes
increasingly common due to national epidemics of obesity
and diabetes, NAFLD-related cirrhosis and HCC are also ex-
pected to increase. Trends in the US burden of cirrhosis and
HCC related to HBV, ALD, and other liver diseases are less well
described. Two recent studies suggested that the rate of in-
crease in HCC incidence might be slowing down in the United
States in recent years.>” We aimed to determine national
trends in the prevalence, incidence, and mortality of cirrhosis
and HCC by underlying cause among all patients who
received care in the Veterans Affairs (VA) health care system
between 2001 and 2013.

Abbreviations used in this paper: AlH, autoimmune hepatitis; ALD, alco-
holic liver disease; APC, annual percentage change; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ICD-9,
International Classification of Disease, 9th revision; MELD, Model for End
Stage Liver Disease; NAFLD, non-alcoholic fatty liver disease; PBC, pri-
mary biliary cirrhosis; PSC, primary sclerosing cholangitis; SEER, Sur-
veillance, Epidemiology and End Results; VA, Veterans Affairs.
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Methods

Data Source: Veterans Affairs Corporate
Data Warehouse

The VA health care system is composed of 154 medical
centers and 875 ambulatory care and community-based
outpatient clinics throughout the United States. It is the
largest integrated health care provider in the country and uses
electronic medical records almost exclusively. In 2013,
5,720,614 veterans received VA health care.!® We extracted
electronic data for all patients in VA care from October 1, 1999
until July 21, 2014, using the VA Corporate Data Warehouse, a
national, continually updated repository of data from the VA’s
computerized patient records.'’ We extracted patient de-
mographics, inpatient and outpatient visits, problem lists,
procedures, vital signs, diagnostic tests, laboratory tests, and
pharmacy prescriptions.

Human Subjects

Study activities were conducted according to the ethical
guidelines of the Declaration of Helsinki. This project was
performed as an approved quality improvement initiative un-
der the auspices of the VA Office of Public Health.

Study Population

We identified all patients who received VA health care from
2001 to 2013 and had a diagnosis of either cirrhosis (n =
129,998) or HCC (n = 21,326). For each calendar year, we
identified patients who were “in care” during that calendar
year, defined by having at least 1 inpatient or outpatient visit
for any indication during that year and who had a diagnosis of
cirrhosis or HCC recorded during or before that year. Cirrhosis
was defined by the following International Classification of
Diseases, ninth revision (ICD-9) codes recorded at least twice in
inpatient or outpatient medical records: 571.2 (cirrhosis with
alcoholism), 571.5 (cirrhosis no mention of alcohol), 456.0-
456.21 (esophageal varices with or without bleeding), 567.23
(spontaneous bacterial peritonitis), 572.2 (hepatic encepha-
lopathy), and 572.4 (hepatorenal syndrome). HCC was defined
by ICD-9 code 155.0 (primary liver carcinoma), recorded at
least twice in inpatient or outpatient medical records. These
diagnostic definitions of cirrhosis and HCC based on ICD-9
codes derived from VA electronic medical datasets have been
shown to have high agreement with review of the medical re-
cords by a physician (cirrhosis: positive predictive value of
88%; negative predictive value of 92%; HCC: positive predic-
tive value of 94%; negative predictive value of 100%) and have
been extensively used in epidemiological studies."**°

Cause of Liver Disease

Diagnostic criteria used to define the underlying liver dis-
ease in patients with cirrhosis or HCC are shown in Figure 1.

Because liver disease could have more than 1 cause, espe-
cially alcohol combined with another etiology, we used the
following rules to create mutually exclusive categories of un-
derlying liver disease (Figure 1). (1) Patients with HCV infec-
tion were categorized as HCV regardless of any additional
etiologies; given the high overlap between HCV infection and
alcohol use disorders, the HCV group was also subdivided into
those with (“HCV+alcohol”) and those without (“HCV-no
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alcohol”) comorbid alcohol use disorders. (2) ALD was identi-
fied as the cause in patients with alcohol use disorders (defined
in Figure 1) and in the absence of HCV, HBV, hemochromatosis,
PBC, PSC, and autoimmune hepatitis. (3) NAFLD was identified
for patients without any other cause (including viral hepatitis
or alcohol use disorders) who had diabetes (ICD-9 code 250-
250.92, recorded at least twice'®) or body mass index (BMI)
>30 kg/m? prior to diagnosis of cirrhosis. NAFLD-related
cirrhosis does not have pathognomonic serological, radiolog-
ical, or histological features (even hepatic steatosis is
frequently absent after cirrhosis develops). Hence we adapted a
clinical definition of NAFLD based on previous work'’ that
reflects the diagnostic process used in clinical practice (e,
NAFLD is suspected in the presence of risk factors such as
obesity and diabetes and after exclusion of other etiologies.

Other Patient Characteristics

We ascertained age, race, ethnicity, sex, BMI, and labora-
tory results for serum bilirubin, creatinine, and albumin con-
centrations, blood platelet count and international normalized
ratio (INR). Type 2 diabetes mellitus was defined by ICD-9
codes 250-250.92. Substance use disorders were defined by
the presence of codes for substance abuse (305.2-305.9),
dependence (304.0-304.9), or drug withdrawal (292.0). A
model for end-stage liver disease (MELD) score in 2013 was
calculated by the MELD formula,'® using the most recent lab-
oratory values of total bilirubin, serum creatinine, and INR
available in 2013.

Statistical Analysis

We determined the number of patients with cirrhosis or
HCC who were in care (prevalence) or who had a new diagnosis
of cirrhosis or HCC (incidence) or who died (mortality) each
year from 2001 to 2013, categorized by cause of liver disease.
We expressed these statistics as proportions of both the num-
ber of all patients with cirrhosis or HCC in care that year and
the number of patients enrolled in VA care that year (obtained
from the National Center for Veterans Analysis and Statistics).'°
We performed the latter analysis to account for the steady in-
crease in VA patient population from 3,843,832 in 2001 to
5,720,614 in 2013. We considered age-adjusting the incidence
and prevalence of cirrhosis or HCC when comparing years 2001
to 2013 but ultimately decided against it to avoid masking the
birth cohort effect of HCV in the population born between 1945
and 1965. One prevailing hypothesis for the rising incidence
and prevalence of cirrhosis and HCC is the aging of the HCV-
infected cohort in the United States (addressed further in Dis-
cussion) and age adjustment would inappropriately mask this
birth cohort effect. When analyzing incidence, we deliberately
excluded the first year (2001) and the last year (2013) of the
study period: incidence was underestimated in 2013 because
our data extended only to July 1, 2014, and we required the
diagnosis to be recorded twice (eg, a patient presenting for the
first time with cirrhosis in December 2013 might not have been
seen again before July 2014); incidence was overestimated in
2001 because our data extended back only to October 1, 1999.
Thus, a patient might have appeared to present with cirrhosis
for the first time in 2001 when in fact he or she might have
been given the diagnosis before October 1, 1999 and not rep-
resented in the interim.
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Figure 1. Diagnostic defi-
nitions for causes of liver
disease.

Results

Characteristics of Patients With Cirrhosis or HCC
in 2013

Of 5,720,614 patients in VA care in 2013, 60,553 pa-
tients (1.06%) had cirrhosis and 7,670 (0.13%) had HCC.
Among patients with cirrhosis, 28,811 (48%) had HCV
infection (60.9% of whom also had a chronic alcohol-related
diagnosis), 18,404 (30%) had ALD, 9027 (15%) had NAFLD,
1299 (2.1%) had HBV infection, and 1737 (2.9%) had
cryptogenic cirrhosis, while <1% had hemochromatosis,
PSC, PBC, or AIH (Table 1). The average age was 62.4 years;
77% were white, 18% were black, and 8.7% were Hispanic.
The majority (97%) were male. Gastroesophageal varices
was the most common cirrhosis complication, reported in
24.9% of patients, with 6.0% of patients having a variceal
hemorrhage. Ascites was the second most common

complication, affecting 17.0% of patients. The mean MELD
score was 9.8 (SD 6.9).

Among 7670 patients with HCC in VA care in 2013,
5225 (68%) had HCV infection (61.3% of whom also had an
alcohol-related diagnosis), 873 (11%) had ALD, 1029
(13%) had NAFLD, 176 (2.3%) had HBV infection, 242
(3.2%) had cryptogenic cirrhosis, and <1% had other liver
diseases (Table 2). The average age was 64 years; 69%
were white, 25% were black, and 10% were Hispanic.
Nearly all (99%) were male. Gastroesophageal varices was
the most common cirrhosis complication in this population
(22.8%), with 5.5% having a history of hemorrhage. Ascites
was reported in 18.2% of patients. The mean MELD score
was 11.4 (SD 7.8).

As expected by the study definition of NAFLD, those with
NAFLD were older, more obese, more likely to be diabetic,
and less likely to have a history of substance abuse



Table 1.Characteristics of 60,533 Patients With Cirrhosis in VA Care in 2013, Categorized by Cause of Liver Disease

All patients HCV ALD NAFLD HBV Hemochromatosis PSC PBC AlH Cryptogenic
Characteristic (N=160,553) (n=28,811) (n=18,404) (n =9027) (n= 1299 (n = 520) (n=23823) (n=227) (n=205 (n=1737)
Patients with cirrhosis (%) 100 48 30 15 2.1 0.9 0.5 0.4 0.3 2.8
Mean age (SD), y 62.4 (8.4) 60.2 (6.0) 62.9 (9.0) 66.8 (9.8) 61.7 (9.6) 64.5 (8.4) 62.4 (12.3) 68.6 (10.5) 60 (12.5) 68.9 (11.9)
Age category (%)
<40 0.64 0.18 1.0 0.8 1.6 0.4 5.9 0.9 7.3 1.4
40-49 3.8 21 6.0 3.7 74 3.8 9.0 2.6 11 3.6
50-59 31 43 23 14 29 18 16 14 24 14
60-69 50 50 52 48 46 55 46 41 38 36
70-79 11 3.9 14 23 11 18 17 25 17 23
>80 44 1.1 4.1 11 4.9 5.6 6.2 17 34 23
Males (%) 97 98 98 96 98 99 95 85 82 97
Race (%)
White 71.4 65.1 76.8 80.1 62.9 86.7 76.2 83.3 63.4 741
Black 16.5 24.0 10.4 6.6 22.0 3.6 13.6 3.5 24.9 9.3
Asian 0.35 0.2 0.23 0.4 3.4 0.4 0.6 0.4 1.0 0.7
Al/PI 2.3 2.2 24 2.2 3.2 1.4 1.9 2.2 0.5 2.1
Missing/declined (%) 9.46 8.4 10.2 10.7 8.5 7.7 7.7 10.6 10.2 13.8
Hispanic (%) 8.7 9.3 9.0 7.8 5.8 4.3 6.0 3.3 7.2 6.9
With diabetes (%) 43 40 39 74 37 50 47 40 41 0
Mean BMI (SD), kg/m? 29.2 (6.1) 28.6 (5.7) 28.7 (6.2) 32.8 (6.3) 28.6 (6.1) 29.4 (5.6) 28.4 (6.1) 28.4 (5.5 29.3(6.0) 24.6 (3.0)
Alcohol abuse (%) 61 61 100 0 46 55 44 18 22 0
Substance abuse (%) 29 44 24 2.7 25 9.8 12 4.8 7.3 3.4
Encephalopathy (%) 11 12 13 7.5 9.5 9.6 21 15 16 4.7
Ascites (%) 17 16 21 13 16 14 18 11 19 11
Gastroesophageal varices (%) 25 24 25 26 26 20 35 23 32 28
Gastroesophageal 6.0 5.4 7.2 5.2 6.5 4.4 10.2 7.0 4.9 4.4
varices with bleeding (%)
Hepatorenal syndrome (%) 0.9 0.8 1.2 0.5 0.9 0.4 1.9 1.3 1.0 0.2
Peritonitis (%) 2.3 2.0 22 3.2 1.8 2.3 6.5 0.9 1.5 4.1
Mean MELD score (SD) 9.8 (6.9) 9.8 (7.0) 9.8 (6.8) 10.2 (6.6) 9.4 (7.1) 9.5 (6.6) 11.4 (7.8) 9.4 (5.5) 10.0 (7.0) 9.5 (6.7)
Mean bilirubin (SD) 1.4 2.7) 1.5 (2.8 1.5 (3.0 1.1(1.8) 1.3 (2.3 1.2 (1.5 25(5.2) 1.1 (1.0 2.0 4.9 1.2 (2.4)
Mean INR (SD) 1.3 (0.5) 1.2 (0.5) 1.3 (0.6) 1.3 (0.6) 1.3 (0.7) 1.3 (0.9) 1.3 (1.0) 1.2 (0.5) 1.3 (0.4) 1.3 (0.5)
Mean creatinine (SD) 1.2(1.1) 1.2(1.2) 1.1 (0.9 1.3 (1.1) 1.3(1.1) 1.1 (0.6) 1.1 (0.9 1.1 (0.4) 1.2(1.2) 1.2(1.2)
Mean albumin (SD) 3.5(0.7) 3.4 (0.7) 3.6 (0.7) 3.6 (0.7) 3.7 (0.7) 3.7 (0.7) 3.4 (0.8) 3.5(0.7) 3.4 (0.7) 3.7 (0.7)
Mean platelet (SD) 145 (79) 132 (73) 160 (83) 149 (78) 148 (75) 151 (64) 158 (93) 155 (81) 149 (87) 174 (91)

Al/Pl, American Indian/Pacific Islander; AlH, autoimmune hepatitis; ALD, alcoholic liver disease; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; INR,
international normalized ratio; MELD, model for end stage liver disease; NAFLD, nonalcoholic fatty liver disease; PBC, primary biliary cirrhosis; PSC, primary sclerosing

cholangitis.
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Table 2.Characteristics of 7670 Patients With HCC Who Were in VA Care in 2013, Categorized by Cause of Liver Disease

All Patients HCV ALD NAFLD HBV Hemochromatosis PSC PBC AlH Cryptogenic
Characteristic (N=76700 (h=5225) (n=873) (Nn=1029) (n=176) (n = 76) n=28 (=11) (n=10) (n = 242)
Patients with HCC (%) 100 68 11 13 2.3 1.0 0.4 0.1 0.1 3.2
Mean age (SD), y 64.0 (8.1) 61.7 (5.8) 66.8 (8.1) 70.5 (10.2) 63.3 (9.1) 72.4 (9.0) 69.7 9.9) 70.6(7.0) 54.4(12.6) 71.0 (12.3)
Age category (%)
<40 0.21 0.04 0.11 0.9 0.6 0 0 0 0 1.2
40-49 0.95 0.42 1.4 2 34 1.3 3.6 0 40 25
50-59 27 35 11 7.9 25 5.3 3.6 9.1 20 12
60-69 53 57 56 38 52 34 46 27 30 34
70-79 12 5.6 22 31 12 36 29 45 10 17
>80 6.4 1.7 8.5 20 7.4 24 18 18 0 33
Males (%) 99 99 99 98 99 100 96 91 60 95
Race (%)
White 64.7 59.8 78.3 77.6 43.2 90.8 82.1 90.9 50.0 70.2
Black 23.7 30.0 9.2 7.7 324 0 10.7 0 50.0 11.6
Asian 0.6 0.2 0.2 0.7 9.7 0 3.6 0 0 2.1
Al/PI 2.3 2.3 2.7 24 3.4 0 0 9.1 0 1.6
Declined or missing 8.7 7.7 9.5 11.6 114 9.2 3.6 0 0 14.5
Hispanic (%) 10 9.7 17 9.5 7.3 2.8 10 0 10 5.8
With diabetes, n 44 38 54 76 39 74 54 45 30 0
Mean BMI (SD), kg/m? 28.0 (5.6) 27.4 (5.3) 29.0 (5.5) 31.0 (5.9) 28.3 (6.3) 28.6 (3.9) 28.1 (5.2) 28.6 (5.1) 31.9 (5.3) 23.9 (3.1)
Alcohol abuse (%) 54.6 61.3 100 0 37.5 38.2 53.6 0 40.0 0
Substance abuse (%) 32 42 15 1.6 22 5.3 3.6 0.0 20 2.5
Encephalopathy (%) 12 13 18 4.3 10 3.9 14 18 30 0.8
Ascites (%) 19 20 24 11 17 11 29 0 10 4.5
Gastroesophageal varices (%) 23 26 27 9.3 22 7.9 18 27 50 4.5
Gastroesophageal 5.5 6.1 7.7 2.4 6.2 1.3 3.6 9.1 10 0.4
varices with bleeding (%)
Hepatorenal syndrome (%) 0.9 0.9 14 0.3 1.7 0 3.6 0.0 0.0 0.4
Peritonitis (%) 1.8 2.1 2.2 0.8 1.7 0 3.6 0.0 0.0 0.0
Mean MELD score (SD) 11.4 (7.8) 11.6 (7.9) 11.6 (7.7) 10.7 (7.4) 10.7 (7.4) 10.1 (6.0) 13 4 8.2) 11.9(.2) 11.6 (9.0) 9.3 (7.6)
Mean bilirubin (SD) 2.1 (3.9) 2.2 (3.9) 2.3 (4.3) 1.5 (3.1) 2.1 (3.6) 1.1 (0.9) 1(9.8) 1.4 (0.7) 5.1 8.7) 1.8 (4.7)
Mean INR (SD) 1.3 (0.6) 1.3 (0.6) 1.3 (0.4) 1.3 (0.6) 1.3 (0.5) 1.4 (0.8) 3 (0.4) 1.4 (0.5) 1.3 (4) 1.2 (0.6)
Mean creatinine (SD) 1.3(1.1) 1.3(1.2) 1.3 (1.0 1.3(0.9) 1.3(1.1) 1.1 (0.4) 4 (1.3) 1.0 (0.3) 0.9 (0.2) 1.1(0.7)
Mean albumin (SD) 3.2 (0.8) 3.1 (0.8) 3.2 (0.8) 3.4 (0.7) 3.3 (0.8) 3.3 (0.8) 0 (0.8) 3.2 (0.7) 3.3 (0.7) 3.5(0.8)
Mean platelet (SD) 150 (91) 141 (88) 151 (88) 183 (94) 164 (108) 164 (77) 168 (78) 156 (96) 115 (70) 202 (94)

HCC, hepatocellular carcinoma. All other abbreviations are as shown in Table 1.
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compared to patients with HCV or alcoholic cirrhosis or  Trends in Cirrhosis Prevalence, Incidence, and
HCC. Compared to patients with HCV alone, those with  Mortality, 2001-2013

“HCV+-alcohol” were younger (59.6 vs 61.2 years of age for The prevalence of cirrhosis among VA enrollees has risen
cirrhosis; 60.9 vs 63.1 years of age for HCC) and had higher steadily each year from 664 per 100,000 enrollees (n =
MELD scores (10.2 vs. 9.3, respectively, for cirrhosis; 12.1 25534 cases) in 2001 to 1058 per 100,000 enrollees (n =
vs. 10.9, respectively, for HCC). 60,553 cases) in 2013 (Figure 2; Supplementary Table 1),
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representing an increase of 59% over the previous 13-year
period. HCV-related cirrhosis resulted in the greatest in-
crease in prevalence from 2001 to 2013 (252 to 503,
respectively, per 100,000 enrollees) followed by NAFLD (80
to 161, respectively, per 100,000 enrollees). In contrast, the
prevalence of alcoholic cirrhosis increased only modestly
from 291 to 327 per 100,000 enrollees (Figure 24). HCV and
NAFLD accounted for an increasing proportion of patients
with cirrhosis whereas ALD accounted for a decreasing pro-
portion (Figure 2B). HCV became the leading cause of
cirrhosis in 2004 when it exceeded ALD. Unlike the ALD
group, the prevalence of cirrhosis related to the
“HCV+alcohol” and “HCV-no alcohol” subgroups increased
parallel with the total HCV group (Figures 24 and 2B), sug-
gesting that trends in the “HCV-+alcohol” group were driven
by trends in HCV infection rather than trends in ALD.

The number of incident cases of cirrhosis has remained
fairly stable between 2002-2012, ranging from 159 to 193
per 100,000 VA patient-years (Figure 2C; Supplementary
Table 2). When parsed by cause of underlying liver dis-
ease, cirrhosis incidence was relatively stable for HCV and
NAFLD and declined for ALD.

Deaths in patients with cirrhosis increased from 83 per
100,000 VA patient-years (n = 3201) in 2001 to 126 per
100,000 VA patient-years (n = 7196) in 2013 (Figure 2D).
This increase was driven almost exclusively by rising mor-
tality in patients with HCV-related cirrhosis (from 28 to 60
per 100,000 VA patient-years, including similar increases in
both “HCV+alcohol” and “HCV-no alcohol” subgroups),
whereas deaths in cirrhosis patients with ALD or NAFLD did
not increase appreciably (Figures 2D and 2E). The age of
cirrhosis patients increased from a mean 57.3 years (SD
10.5) in 2001 to 62.4 (SD 8.4) in 2013 (Figure 2F). This
increase was most prominent in HCV (52.2 to 60.2 years)
and least prominent in NAFLD (64.9 to 66.8 years).

Trends in HCC Incidence and Mortality,
2001-2013

Incident cases of HCC increased from 17 per 100,000 VA
patient-years (n = 746) in 2002 to 45 per 100,000 VA patient-
years (n = 2532) in 2012 (Figure 34 and Supplementary
Table 3). This increase was driven almost exclusively by
HCV-related HCC (including both “HCV+-alcohol” and “HCV-
no alcohol” subgroups), whose incidence increased from 8 to
30 per 100,000 VA patient-years, while the incidence of ALD
and NAFLD-related HCC increased only slightly. HCV
accounted for an increasing percentage of HCC cases from
2002 to 2012, reaching 67% of cases in 2012, followed by
NAFLD (15%) and ALD (12%) (Figure 3B). There was little
increase in the mean age of patients with HCC between 2001
and 2013 (62.1 to 64.0 years, respectively) with similar
trends for HCV, alcohol, and NAFLD (Figure 3E).

Deaths in HCC patients increased from 13 per 100,000
VA patient-years (n = 485 deaths) in 2001 to 37 per
100,000 VA patient-years (n = 2144 deaths) in 2013
(Figures 3C, and 3D). This increase was again driven pri-
marily by patients with HCV-related HCC (including both
“HCV+alcohol” and “HCV-no alcohol” subgroups), although
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modest increases also occurred in patients with ALD and
NAFLD-related HCC.

Comparison of Incidence and Mortality of HCC
and Cirrhosis, 2001-2013

Figure 4 shows that mortality increased over time in
patients with cirrhosis on average by 5 more deaths per
100,000 patient-years every year from 2010 to 2013. If the
incidence of cirrhosis remains stable at ~167 per 100,000
patient-years (the level in 2012), then the mortality in
cirrhotic patients, which was 126 per 100,000 patient-years
in 2013, should exceed 167 in ~8 years or 2021 (167 —
126/5 = 8.2). Assuming constant trends regarding rate of
progression to cirrhosis, death from cirrhosis complications,
and treatment of chronic liver disease, the prevalence of
cirrhosis should begin to decline in 2021 since mortality will
exceed incidence. Similar calculations limited to patients
with HCV show that the mortality of HCV-infected cirrhotic
patients should exceed the incidence of HCV-related
cirrhosis in ~7 years or 2020. Figure 4 also shows that,
in contrast to cirrhosis, HCC-related incidence is increasing
at least as rapidly as HCC-mortality without any obvious
plateau in either incidence or mortality.

Discussion

The national prevalence and mortality of cirrhosis in VA
health care users increased approximately 2-fold and 1.5-
fold, respectively, between 2001 and 2013, whereas the
incidence and mortality of HCC increased nearly 3-fold. If
current trends continue, our data suggest that the preva-
lence of cirrhosis will peak in 2021. In contrast, the inci-
dence of HCC continues to increase, confirming worrisome
predictions of rapid growth put forward by work conducted
in the mid-2000s.”

These trends were dominated by a rise in HCV-related
cirrhosis and HCC, with a much smaller contribution from
NAFLD and ALD. As of 2013, HCV infection (with or without
concomitant alcohol-use disorders) accounted for a pre-
dominant and still-increasing proportion of the burden of
cirrhosis and HCC (48% of cirrhosis and 68% of HCC cases),
followed by ALD (30% of cirrhosis and 11% of HCC) and
NAFLD (15% of cirrhosis and 13% of HCC), while all
remaining causes combined accounted for 7% of cirrhosis
and 7% of HCC cases.

Increases in HCV-related cirrhosis and HCC in the United
States can largely be explained by the natural history of HCV
infection. Most HCV-infected persons currently living in the
United States were born between 1945 and 1965 and were
infected as young adults between 1970 and 1990.'%%° As
this HCV-infected cohort ages and accumulates more years
of chronic infection, an increasing proportion will progress
from hepatic fibrosis to cirrhosis, HCC, liver failure, and
death. Inevitably, this burden will begin to decline in the
future because the US incidence of new HCV infections
decreased from 380,000 infections per year (95% confi-
dence interval [CI], 250,000-500,000) in the 1980s° to
approximately 38,000 per year in the 1990s, and
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17,000-19,000 per year after 2000.° However, exactly when
the burden of HCV-related HCC and cirrhosis will begin to
decline in the United States remains unclear.

Previous studies reported increases in HCV-related
cirrhosis and HCC before the time period of this study or
predicted future increases.”**' National studies done in the
United Kingdom reported an increase in the age-adjusted
incidence of cirrhosis between 1998 and 2009, although
alcohol accounted for 61.9% of cirrhosis in that population
compared to only 11.3% for viral hepatitis (even though
cause of disease was assigned hierarchically to viral hepatitis
first, just as in our study).”’ As such, UK projections
regarding future burden of disease may not extrapolate to
the US population. Two recent US studies based on Surveil-
lance, Epidemiology and End Results (SEER) 18 registries,
covering 28% of the US population, suggested that the rate of
increase in HCC incidence might be decelerating in recent
years®’. Njei et al’ reported that, although HCC incidence

increased by an age-adjusted annual percent of change (APC)
of 5.8% from 2000 to 2005 and 4.3% from 2005 to 2009, the
APC was only 1.3% from 2009 to 2011. Using SEER 18 data,
Altekruse et al® reported a higher age-adjusted APC in HCC
incidence during 2000-2007 (5.4%) than 2007-2010 (2.3%).
However, they also reported that HCC-related mortality in
the entire United States (not just the SEER regions) was
increasing at an age-adjusted APC of 2.1% between 2000
and 2010 without any sign of decline. The differences in HCC
incidence and mortality between SEER regions versus the
United States as a whole raise concerns that SEER may not
accurately reflect the US population with respect to HCC.
SEER data lack information on causes of underlying liver
disease, so no conclusions can be drawn for relative trends in
HCV- versus non-HCV-related liver diseases. Most impor-
tantly, age adjustment in the SEER studies likely attenuated
the increase in HCC incidence and mortality that is related to
the aging of the HCV-infected cohort nationally.
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Our data suggest that the prevalence of all cirrhosis will
begin to decline in 2021 and specifically HCV-related
cirrhosis in 2020. With regard to HCC, we found an
increasing incidence and mortality (both overall and HCV-
specific) through 2013, with no sign of decline in the
annual rate of increase, in contrast to the aforementioned
SEER-based studies.®’ Therefore, our results do not allow
us to predict when HCC rates might start declining but
suggest that the HCC epidemic may be greater and more
protracted then predicted by previous studies.

ALD was the second most common cause of cirrhosis
and HCC in the VA after HCV infection. Elimination of ALD
could impact up to 28.6% of cirrhosis incidence and 11.4%
of HCC, not counting potential benefits to the 60.9% of HCV
patients with comorbid alcohol use disorders. Despite VA’s
efforts to identify and address problem alcohol use,
including standardized annual alcohol wuse disorders
screening and brief interventions to treat alcohol use dis-
orders, rates of ALD-related cirrhosis and HCC have
remained stubbornly constant. If anything, our data under-
estimate the true impact of ALD because we defined it only
in the absence of other known liver diseases. It is likely that
ALD contributes to the development of cirrhosis among
patients categorized under other etiologies, especially those
with HCV-infection and cirrhosis, of whom 60.9% had a
history of comorbid alcohol abuse. Our data underscore the
high morbidity and mortality of alcohol use disorders and
the need for renewed attention to alcohol as a preventable
cause of liver disease.

NAFLD was the third most common cause of cirrhosis
and HCC, accounting for approximately 18% of cirrhosis
incidence and 14% of HCC incidence. Given the rising rates
of obesity and diabetes, the main risk factors for NAFLD, one
might expect a greater proportional increase in NAFLD-
related cirrhosis and HCC. The obesity and diabetes epi-
demics are likely to indirectly impact HCV-related cirrhosis
and HCC almost as much as they impact NAFLD-related
cirrhosis and HCC, since obesity and diabetes increase the
risk of HCV-related cirrhosis and HCC.>*"?° Thus, the in-
creases in HCV-related cirrhosis and HCC are driven both by
the new infections that occurred between 1970 and 1990
and, to a lesser extent, by the increasing prevalence of

obesity and diabetes; whereas increases in NAFLD-related
cirrhosis and HCC are likely driven primarily by increasing
prevalence of metabolic risk factors.

Much of the incidence of cirrhosis and HCC is prevent-
able. Treatment of alcohol-use disorders can forestall ALD,
and improvements in NAFLD risk factors (eg, obesity, dia-
betes) may reduce nonalcoholic steatohepatitis (NASH)-
related cirrhosis and HCC. As of 2012, HCV (with or
without concomitant alcohol use disorders) is implicated in
46.7% of cirrhosis incidence and 66.7% of HCC incidence.
To date, however, antiviral treatments for HCV have had a
negligible impact on the incidence and mortality of HCV-
related cirrhosis and HCC at a population level before
2013. As of 2013, only 23% of HCV-infected patients in VA
care ever received antiviral treatment of whom the majority
were not cured.”® Treatment rates are even lower in the
general US population, estimated at 13%, with only 5% to
6% of all HCV-infected people having been cured.””*
Furthermore, the patients who were cured may not repre-
sent those most at risk for cirrhosis and HCC, as treatments
before 2013 were very poorly tolerated and had much
lower response rates in patients with cirrhosis or advanced
fibrosis. Multiple, highly effective, well-tolerated, direct
antiviral agents have been available since November 2013.
For the first time, most future cases of HCV-related cirrhosis
or HCC are now, in theory, preventable. In addition, patients
with cirrhosis can be offered antiviral treatment to prevent
cirrhosis-related HCC or death. Dramatic reductions in the
incidence and mortality of HCV-related HCC and cirrhosis
may now be achievable, but only if greater proportions of
HCV-infected patients undergo successful antiviral treat-
ment. Currently the main obstacle to achieving this goal is
the prohibitive cost of antiviral treatments. Unless the costs
of HCV antiviral treatment decline and the rates of HCV
antiviral treatment increase substantially in the United
States, the majority of patients at risk for HCV-related
mortality in the next 10 to 20 years will die without
receiving curative antiviral treatment.

Because the VA population is overwhelmingly male, our
results may be generalizable to other US males, who
compose the majority of cirrhosis cases and roughly three-
quarters of HCC cases in the United States as a whole.”
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Not surprisingly, absolute rates of cirrhosis and HCC inci-
dence, prevalence, and mortality in VA patients are higher
than those of unselected US males, as the VA population is
enriched in risk factors for both cirrhosis and HCC and it
represents patients enrolled in medical care. However, the
trends over time in rates of cirrhosis and HCC, especially
within disease categories, likely do reflect trends in the US
male population. For example, our finding that HCV-related
HCC incidence (including both “HCV+alcohol” and “HCV-no
alcohol”) more than tripled from 2002 to 2012, would lead
us to expect a similar relative increase in the male US
population with HCV, since the aging of the HCV cohort is
occurring simultaneously in both populations.

Whether the relative proportions of HCC and cirrhosis
attributed to each cause of underlying liver disease reflect
the male US population requires careful consideration,
since this depends on the prevalence of each cause in the
VA relative to the United States. The prevalence of HCV
infection in the VA (~4% in 1998 to 2000°°) is approxi-
mately double that of comparable age and sex groups of US
population.’® The main risk factor for NAFLD, obesity, is
more common in the VA than in the US population,®’ and
the prevalence of diabetes is double in VA.'® Alcohol use
disorders are considered more common in the VA than in
the general US population, although a recent very large
study reported similar rates of alcohol use and almost
identical rates of “unhealthy” drinking based on AUDIT-C
scores among VA (45% in men, 37% in women) and US
populations (46% in men and 35% in women).>" Although
current population-based estimates of liver disease etiol-
ogy in the general United States are sparse, the Chronic
Liver Disease Surveillance Network reported a similar
distribution of etiologies for incident cases of cirrhosis
from 1999-2001 compared to 2002 VA data (32.6% vs
39% for HCV, 43.9% vs 39% for ALD, and 14.7% vs 12%
for NAFLD).>* Therefore, the relative proportion of cases of
cirrhosis or HCC attributed to these 3 main causes of liver
disease is likely similar between the VA and US pop-
ulations, with a somewhat greater contribution of HCV
infection in the VA.

HCC and especially cirrhosis may remain occult for sig-
nificant periods of time before presenting clinically. HCV-
infected patients are more likely than those with NAFLD
or ALD to undergo liver ultrasound or other diagnostic
testing in the course of routine care, and therefore have
more opportunity to be diagnosed earlier with cirrhosis or
HCC. VA has diagnosed a greater proportion of its HCV-
infected patients (~80%)° as a result of screening efforts
compared to the general US population (50%).”® Due to VA’s
superior screening rates for HCV, the proportion of cases of
cirrhosis and HCC attributed to HCV may appear higher than
that of the US population. Though this effect stems from
relative underdiagnosis of cirrhosis and HCC in patients
with ALD and NAFLD, the result is an apparent enhance-
ment in the proportion of cases of cirrhosis or HCC attrib-
uted to HCV in the VA as well as in the general US
population. This effect in no way invalidates the observed
trends in HCV-related cirrhosis and HCV: it does suggest a
need for more comprehensive HCV testing in the general
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United States and for accurate diagnosis of cirrhosis and
HCC in patients with non-viral disease etiologies.

Our results are limited by definitions of cirrhosis and
HCC based on ICD-9 codes derived from VA medical records.
These diagnostic definitions have high agreement with
physician medical record review and have been extensively
used in epidemiological studies.”'*** It would be imprac-
ticable to conduct a nationally representative study in which
the diagnosis of cirrhosis or HCC is individually confirmed
or excluded prospectively by a series of predetermined
laboratory tests, imaging studies, physical examination
findings and histological examination of a liver biopsy over a
period of 13 years. It is likely that cases of early cirrhosis
with preserved liver function and no clinical manifestations
were missed by our definition, such that, if anything, we
underestimated of the true prevalence of cirrhosis. Such
cases of early cirrhosis are notoriously difficult to diagnose
with certainty in the absence of a liver biopsy, which is not
performed in the majority of patients. We assigned the
causes of underlying liver disease based on the “gold stan-
dard” virological and serological tests for HCV and HBV and
on ICD-9 codes for hemochromatosis, autoimmune hepatitis,
PBC, and PSC. NAFLD- and ALD-related cirrhosis are often
difficult to diagnose in clinical practice because they lack
pathognomonic laboratory or histological markers. We used
diagnostic definitions of ALD (based on alcohol use disor-
ders) and NAFLD (based on obesity or diabetes) in the
absence of viral hepatitis to reflect what is done in clinical
practice, recognizing that these definitions do not capture
cases of ALD or NAFLD that overlap with viral hepatitis.
Therefore, in the case of ALD we also reported patients with
HCV with or without alcohol use disorders separately.
Further work to refine the alcohol subgroup and discrimi-
nate between active and past use would be valuable to
discriminate the role of alcohol more accurately. Lastly,
though we reported mortality in patients with cirrhosis or
HCC, we are unable to ascertain the number of deaths
directly attributable to liver disease as opposed to
competing extra-hepatic causes. Future work is needed to
assess the causes of death in the cirrhosis and HCC
population.

We considered the possibility that our observations
could be biased by an influx of persons with HCV into the VA
health care system during the study period. However, the
number of HCV-infected patients in VA care has been
approximately constant from 2009 to 2013, with ~175,000
patients with known HCV viremia in care each year.*>* In
fact, because the overall population of patients in VA care is
increasing every year from 3,843,832 in 2001 to 5,720,614
in 2013 (see Supplementary Tables), the prevalence of HCV
infection in the VA is declining, as it has been in the general
US population, since 2001.” Therefore, the increase in HCV-
related cirrhosis and HCC has occurred despite a decreasing
prevalence of HCV.

Our results illustrate that cirrhosis incidence remained
approximately stable from 2001 to 2013 but prevalence and
mortality continue to increase. In contrast, HCC incidence
increased dramatically. HCV is the overwhelming driver of
these trends, with smaller contributions from ALD, NAFLD,
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and other liver diseases. Opportunities to modify patient-
level risk factors such as alcohol use, NAFLD risk factors,
and particularly HCV infection within the VA and other US
health care systems offer promise for mitigating the current
and projected burden of liver disease in the United
States.***® The increasing burden of cirrhosis and HCC
highlights the need for greater efforts to address their
causes at a population level.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j-gastro.2015.07.056.
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Supplementary Table 1.Prevalence of Cirrhosis by Cause of Liver Disease Among Patients in VA Care Nationally, 2001-2013

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
HCV
N 9697 11,801 13,625 16,224 17,301 18,776 20,285 21,774 23,751 25,761 27,678 28,835 28,811
Cirrhotic patients (%) 38.0 39.2 40.4 40.9 43.1 442 45.3 45.9 46.6 47.2 47.5 47.7 47.6
All VA patients (%) 0.25 0.28 0.30 0.35 0.36 0.38 0.41 0.44 0.46 0.48 0.50 0.52 0.50
N/100,000 pts 252.3 276.8 302.4 346.8 360.0 383.1 409.8 435.6 462.1 481.3 503.3 515.0 503.6
HBV
N 347 435 523 641 687 766 847 955 1072 1157 1217 1290 1299
Cirrhotic patients (%) 14 14 1.6 1.6 1.7 1.8 1.9 2.0 2.1 2.1 2.1 2.1 2.1
All VA patients (%) 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
N/100,000 pts 9.0 10.2 11.6 13.7 14.3 15.6 171 19.1 20.9 21.6 22.1 23.0 22.7
Hemochromatosis
N 190 244 315 362 394 444 490 532 562 570 565 542 520
Cirrhotic patients (%) 0.7 0.8 0.9 0.9 1.0 1.0 1.1 1.1 1.1 1.0 1.0 0.9 0.9
All VA patients (%) 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N/100,000 pts 4.9 5.7 7.0 7.7 8.2 9.1 9.9 10.6 10.9 10.7 10.3 9.7 9.1
PBC
N 147 178 200 209 220 231 241 243 246 248 252 236 227
Cirrhotic patients (%) 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4
All VA patients (%) 0.004 0.004 0.004 0.004 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.004 0.004
N/1000,000 3.8 4.2 4.4 4.5 4.6 4.7 4.9 4.9 4.8 4.6 4.6 4.2 4.0
AlH
N 22 34 42 60 71 82 91 109 135 165 186 197 205
Cirrhotic patients (%) 0.09 0.0008 0.0009 0.0013 0.0015 0.0017 0.0018 0.0022 0.0026 0.0031 0.0034 0.0035 0.0036
All VA patients (%) 0.0006 0.0008 0.0009 0.0013 0.0015 0.0017 0.0018 0.0022 0.0026 0.0031 0.0034 0.0035 0.0036
N/100,000 pts 0.57 0.80 0.93 1.28 1.48 1.67 1.84 2.18 2.63 3.08 3.38 3.52 3.58
PSC
N 103 152 187 227 246 283 295 318 331 340 345 331 323
Cirrhotic patients (%) 0.4 0.5 0.6 0.6 0.6 0.7 0.7 0.7 0.6 0.6 0.6 0.5 0.5
All VA patients (%) 0.003 0.004 0.004 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006
N/100,000 pts 2.7 3.6 4.2 4.9 5.1 5.8 6.0 6.4 6.4 6.4 6.3 5.9 5.6
ALD
N 11,079 12,689 13,647 15,679 15,070 15,364 15,710 16,231 16,887 17,672 18,442 18,674 18,404
Cirrhotic patients (%) 43.4 421 40.5 39.5 37.6 36.2 35.0 34.2 33.1 32.4 31.7 30.9 30.4
All VA patients (%) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
N/100,000 pts 288.2 297.6 302.9 335.2 313.5 313.5 317.3 324.7 328.6 330.2 335.3 333.5 321.7
NAFLD
N 3,000 3,395 3,882 4,823 4,779 5,165 5,503 5,868 6,503 7,178 7,959 8,642 9,027
Cirrhotic patients (%) 11.7 11.3 11.5 12.2 11.9 12.2 12.3 12.4 12.8 13.1 13.7 14.3 14.9
All VA patients (%) 0.08 0.08 0.09 0.10 0.10 0.11 0.1 0.12 0.13 0.13 0.14 0.15 0.16
N/100,000 pts 78.0 79.6 86.2 103.1 99.4 105.4 111.2 117.4 126.5 134.1 144.7 154.4 157.8
Cryptogenic
N 949 1,193 1,284 1,468 1,365 1,362 1,362 1,414 1,460 1,516 1,615 1,677 1,737
Cirrhotic patients (%) 3.7 4.0 3.8 3.7 3.4 3.2 3.0 3.0 2.9 2.8 2.8 2.8 2.9
All VA patients (%) 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
N/100,000 pts 24.7 28.0 28.5 31.4 28.4 27.8 27.5 28.3 28.4 28.3 29.4 30.0 30.4
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Supplementary Table 1.Continued

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
All cirrhosis
N 25,534 30,121 33,705 39,693 40,133 42,473 44,824 47,444 50,947 54,607 58,259 60,424 60,553
% 0.66 0.71 0.75 0.85 0.84 0.87 0.91 0.95 0.99 1.02 1.06 1.08 1.06

All patients in VA care® 3,843,832 4,264,084 4,505,433 4,677,720 4,806,345 4,900,800 4,950,501 4,999,106 5,139,285 5,351,873 5,499,498 5,598,829 5,720,614

AlH, autoimmune hepatitis; ALD, alcoholic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver disease; PBC, primary biliary
cirrhosis; PSC, primary sclerosing cholangitis; pts, patients.

*Data from Department of Veterans Affairs, Veterans Benefits Administration, Annual Benefits Reports, 2000 to 2013; Veterans Health Administration, Office of Policy and
Planning.
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Supplementary Table 2.Incident Cases of Cirrhosis by Year and Cause of Liver Disease Among Patients in VA Care Nationally, 2002-2012

Year 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

HCV

N 3288 3472 3573 3579 3703 3881 3976 4250 4625 4631 4363

New cirrhosis diagnoses (%) 39.9 42.3 44.4 46.7 47.6 48.7 47.6 46.9 48.1 48.3 46.6

Incidence per 100,000 veterans 771 771 76.4 74.5 75.6 78.4 79.5 82.7 86.4 84.2 77.9
HBV

N 121 142 144 139 149 158 189 185 187 183 186

New cirrhosis diagnoses (%) 15 1.7 1.8 1.8 1.9 2.0 2.3 2.0 1.9 1.9 2.0

Incidence per 100,000 veterans 2.84 3.15 3.08 2.89 3.04 3.19 3.78 3.60 3.49 3.33 3.32
Hemochromatosis

N 68 89 77 79 78 90 77 101 75 49 37

New cirrhosis diagnoses (%) 0.8 1.1 1.0 1.0 1.0 1.1 0.9 1.1 0.8 0.5 0.4

Incidence per 100,000 veterans 1.59 1.98 1.65 1.64 1.59 1.82 1.54 1.97 1.40 0.89 0.66
PBC

N 35 37 18 30 30 32 17 22 21 27 13

New cirrhosis diagnoses (%) 0.4 0.5 0.2 0.4 0.4 0.4 0.2 0.2 0.2 0.3 0.1

Incidence per 100,000 veterans 0.001 0.001 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000
AlH

N 10 8 18 12 10 9 19 27 34 30 22

New cirrhosis diagnoses (%) 0.12 0.10 0.22 0.16 0.13 0.11 0.23 0.30 0.35 0.31 0.24

Incidence per 100,000 veterans 0.23 0.18 0.38 0.25 0.20 0.18 0.38 0.53 0.64 0.55 0.39
PSC

N 51 49 47 49 62 46 48 53 32 34 36

New cirrhosis diagnoses (%) 0.6 0.6 0.6 0.6 0.8 0.6 0.6 0.6 0.3 0.4 0.4

Incidence per 100,000 veterans 1.20 1.09 1.00 1.02 1.27 0.93 0.96 1.03 0.60 0.62 0.64
ALD

N 3,247 2,951 2,742 2,468 2,423 2,466 2,601 2,752 2,858 2,779 2,677

New cirrhosis diagnoses (%) 39.4 36.0 34.0 32.2 31.2 30.9 31.1 30.4 29.7 29.0 28.6

Incidence per 100,000 veterans 76.1 65.5 58.6 51.3 49.4 49.8 52.0 53.5 53.4 50.5 47.8
NAFLD

N 977 1,034 1,091 983 1,027 1,021 1,142 1,341 1,460 1,531 1,694

New cirrhosis diagnoses (%) 11.9 12.6 13.5 12.8 13.2 12.8 13.7 14.8 15.2 16.0 18.1

Incidence per 100,000 veterans 22.9 23.0 23.3 20.5 21.0 20.6 22.8 26.1 27.3 27.8 30.3
Cryptogenic

N 447 424 345 333 293 274 288 322 315 324 329

New cirrhosis diagnoses (%) 5 5 4 4 4 3 3 4 3 3 4

Incidence per 100,000 veterans 10.5 9.4 7.4 6.9 6.0 5.5 5.8 6.3 5.9 5.9 5.9
Total new cirrhosis diagnosis (n) 8,244 8,206 8,055 7,672 7,775 7,977 8,357 9,053 9,607 9,588 9,357
Total new cirrhosis diagnosis (%) 27.4 24.3 20.3 19.1 18.3 17.8 17.6 17.8 17.6 16.5 155
All cirrhosis

N 30,121 33,705 39,693 40,133 42,473 44,824 47,444 50,947 54,607 58,259 60,424

N/100,000 veterans 193 182 172 160 159 161 167 176 180 174 167
All patients in VA care* 4,264,084 4,505,433 4,677,720 4,806,345 4,900,800 4,950,501 4,999,106 5,139,285 5,351,873 5,499,498 5,598,829

Abbreviations are as shown in Supplementary Table 1.

*Data from Department of Veterans Affairs, Veterans Benefits Administration, Annual Benefits Reports, 2000 to 2013; Veterans Health Administration, Office of Policy and
Planning.
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Supplementary Table 3.Incident Cases of HCC by Year and Cause of Liver Disease Among Patients in VA Care Nationally, 2001-2012

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
HCV
N 343 480 585 686 820 957 1030 1312 1481 1540 1691
HCC patients (%) 23.6 27.1 22.9 26.1 26.4 26.4 25.0 26.4 25.4 23.0 22.9
New HCC diagnoses (%) 46.0 52.5 53.7 59.2 60.8 61.7 63.2 66.4 67.2 66.8 66.8
Incidence per 100,000 veterans 8.04 10.65 12.51 14.27 16.73 19.33 20.60 25.53 27.67 28.00 30.20
HBV
N 17 14 31 29 36 39 45 59 60 59 71
HCC patients (%) 1.2 0.8 1.2 1.1 1.2 1.1 1.1 1.2 1.0 0.9 1.0
New HCC diagnoses (%) 2.3 1.5 2.8 25 2.7 25 2.8 3.0 2.7 2.6 2.8
Incidence per 100,000 veterans 0.40 0.31 0.66 0.60 0.73 0.79 0.90 1.15 1.12 1.07 1.27
Hemochromatosis
N 16 12 11 7 18 6 25 23 23 17 20
HCC patients (%) 1.1 0.7 0.4 0.3 0.6 0.2 0.6 0.5 0.4 0.3 0.3
New HCC diagnoses (%) 2.1 1.3 1.0 0.6 1.3 0.4 15 1.2 1.0 0.7 0.8
Incidence per 100,000 veterans 0.04 0.03 0.02 0.01 0.04 0.01 0.05 0.04 0.04 0.03 0.04
PBC
N 1 1 1 1 2 6 1 1 3 4 3
HCC patients (%) 0.1 0.1 0.0 0.0 0.1 0.2 0.0 0.0 0.1 0.1 0.0
New HCC diagnoses (%) 0.1 0.1 0.1 0.1 0.1 0.4 0.1 0.1 0.1 0.2 0.1
Incidence per 100,000 veterans 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
AlH
N 0 0 1 0 1 1 0 2 2 1 4
HCC patients (%) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
New HCC diagnoses (%) 0.00 0.00 0.09 0.00 0.07 0.06 0.00 0.10 0.09 0.04 0.16
Incidence per 100,000 veterans 0.00 0.00 0.02 0.00 0.02 0.02 0.00 0.04 0.04 0.02 0.07
PSC
N 5 8 5 5 5 8 13 12 16 13 11
HCC patients (%) 0.3 0.5 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.2 0.1
New HCC diagnoses (%) 0.7 0.9 0.5 0.4 0.4 0.5 0.8 0.6 0.7 0.6 0.4
Incidence per 100,000 veterans 0.12 0.18 0.11 0.10 0.10 0.16 0.26 0.23 0.30 0.24 0.20
ALD
N 112 128 165 149 168 199 205 216 233 279 288
HCC patients (%) 7.7 7.2 6.5 5.7 5.4 5.5 5.0 4.3 4.0 4.2 3.9
New HCC diagnoses (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incidence per 100,000 veterans 2.63 2.84 3.53 3.10 3.43 4.02 410 4.20 4.35 5.07 5.14
NAFLD
N 167 185 208 198 217 231 240 260 289 302 345
HCC patients (%) 11.5 10.5 8.1 7.5 7.0 6.4 5.8 5.2 4.9 4.5 4.7
New HCC diagnoses (%) 22.4 20.2 19.1 171 16.1 14.9 14.7 13.2 131 13.1 13.6
Incidence per 100,000 veterans 3.92 4.11 4.45 412 4.43 4.67 4.80 5.06 5.40 5.49 6.16
Cryptogenic
N 85 87 82 83 81 95 71 92 98 90 99
HCC patients (%) 5.8 4.9 3.2 3.2 2.6 2.6 1.7 1.9 1.7 1.3 1.3
New HCC diagnoses (%) 11.4 9.5 7.5 7.2 6.0 6.1 4.4 4.7 4.4 3.9 3.9
Incidence per 100,000 veterans 1.99 1.93 1.75 1.73 1.65 1.92 1.42 1.79 1.83 1.64 1.77
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Supplementary Table 3.Continued

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Total new HCC diagnoses (n) 746 915 1089 1158 1348 1552 1630 1977 2205 2305 2532
Total new HCC diagnoses (%) 51 52 43 44 43 43 40 40 38 34 34
All HCC
N 1456 1769 2555 2632 3111 3624 4119 4969 5842 6706 7373
New per 100,000 17 20 23 24 28 31 33 38 41 42 45
All patients in VA care* 4,264,084 4,505,433 4,677,720 4,806,345 4,900,800 4,950,501 4,999,106 5,139,285 5,351,873 5,499,498 5,598,829

HCC, hepatocellular carcinoma.
*Data from Department of Veterans Affairs, Veterans Benefits Administration, Annual Benefits Reports, 2000 to 2013; Veterans Health Administration, Office of Policy and
Planning.
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