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Liver cirrhosis and primary liver cancers are leading causes 
of mortality worldwide with over than 1.7 million of deaths 
in 2010 representing about 3.4% of the overall deaths (1). 
Global liver cirrhosis deaths ceaselessly increased by 52.2% 
from 1980 to 2010 (1). Similarly, primary liver cancers 
global deaths increased by 62.4% from 1990 to 2010 (2). 
Chronic viral (i.e., HBV and HCV), alcoholic (ALD) and 
non-alcoholic fatty liver (NAFLD) diseases are the most 
important etiologies of liver cirrhosis and hepatocellular 
carcinoma (HCC). In the last years, the introduction 
of direct antiviral agents (DAAs) has revolutionized 
HCV care. Indeed, DAAs are highly effective (cure rates 
higher than 90%) and well tolerated even by difficult-to-
treat candidates as patients with advanced liver cirrhosis. 
However, the global impact of these progresses on advanced 
liver disease and HCC remains to be determined. While 
viral cure has been shown to decrease the overall HCC 
risk in HCV-infected patients, accumulating clinical 
evidences in large cohort studies demonstrate that HCC 
risk persists after HCV cure especially in advanced fibrosis 
(3,4) with an annual HCC incidence between 1–12% per 
year. Furthermore, an unexpected high rate of early HCC 
recurrence following DAA treatment in some studies but 
not in others has raised concerns on the effect of these 
drugs in HCC prevention (5). Finally, a large majority of 
HCV-infected patients has no access to DAAs due to high 
costs. 

Highly effective and tolerate antiviral agents for 
treatment of chronic hepatitis B were also introduced in 

clinical practice in the last 15 years. Indeed, entecavir was 
FDA-approved in 2005 and tenofovir disoproxil fumarate 
in 2008. While antiviral drugs have been shown to prevent 
or reverse hepatic decompensation and to reduce the 
prevalence of virus-induced end-stage liver disease (6,7), 
data on their effect on mortality on a population level are 
largely lacking.

At the same time, the incidence of NAFLD-related 
chronic liver failure and HCC has increased dramatically 
and ALD has been reported as the most common cause 
of chronic liver disease (7,8). Data from United Network 
for Organ Sharing (UNOS) cohort revealed a significant 
decrease in the prevalence of HCV and an increase of 
NAFLD or ALD among patients new to the liver transplant 
waitlist or undergoing liver transplantation for liver 
cirrhosis (7). However, among patients transplanted for 
HCC, the proportions of HCV infection, NAFLD and 
ALD did not change between 2003 and 2015 (7).

To better understand the epidemiological changes in the 
etiologies of advanced liver disease and evaluate the impact 
of the novel antiviral treatments on a population level, 
updated incidence and mortality data of the last decade are 
essentially needed.

In the article by Kim  et al. recently published in 
Hepatology (9), the authors performed an elegant analysis 
of the mortality trends for liver cirrhosis and HCC in the 
United States over the last 10 years in adults aged ≥20 years.  
Using mortality records from the Centers for Disease 
Control and Prevention’s National Vital Statics System 
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that uses the International Classification of Disease, Tenth 
Revision (ICD-10) to codify diseases, they calculated age-
specific mortality rates and used joinpoint regression to 
determine the annual percentage change (APC) of mortality 
for both cirrhosis and HCC. APCs of mortality rates 
according to the major etiologies, ethnicities and sex were 
also assessed.

The authors found that in U.S. the age-standardized 
cirrhosis-related mortality rates increased from 19.77/100,000 
persons in 2007 to 23.67 in 2016 with an average annual 
increase of 2.3%, and similarly, HCC-related mortality 
increased from 3.48 persons in 2007 to 4.41 in 2016 at an 
annual rate of 2.0% (9).

Interestingly, the APC of HCV-related cirrhosis 
mortality shifted from an increase of 2.9% per year during 
2007–2014 to a reduction of 6.5% per year during 2014–
2016. In parallel, mortality for ALD-related and NAFLD-
related cirrhosis increased over the study period with an 
APC of, respectively, 4.5% and 15.4% per year. Inversely, 
mortality for HBV-related cirrhosis decreased with an 
average APC of −1.1% (9). 

Regarding HCC, age-standardized mortality rates in U.S. 
for HCV-related HCC increased (APC 7.0%) and reached 
a plateau in 2012 remaining stable from 2012 to 2016 (APC 
0.4%). A linear increase in the age-standardized HCC-
related mortality rates for ALD and NAFLD was observed 
from 2007 to 2016 (APC respectively 7.4% and 19.1%). 
Concerning HBV, a trend in increased HCC mortality 
(APC +6.3%) was observed between 2007 and 2010 while an 
inverse trend (−2.2%) was noted in the period 2010–2016 (9).

Here, Kim et al. showed that since the introduction of 
DAAs in U.S. in late 2013, there has been a significant 
decrease in HCV-related cirrhosis mortality rates compared 
with the pre-DAA era. Importantly—since an alert on the 
association between DAAs and early HCC recurrence was 
raised in 2016 (10,11)—no increase in HCV-related HCC 
mortality after the DAA introduction was observed. It is 
of interest to note that HCC is a late event in the natural 
history of chronic liver diseases. Long-term follow-up 
studies have observed that 1–8% of patients with cirrhosis 
develop HCC per year (3,12). This implies that long-term 
studies (>10 years) are needed to evaluate any benefit of 
antiviral treatments on HCC mortality. Kim et al. showed 
that HCV-related HCC mortality did not raise after 2012 
and that HBV-related HCC mortality started to steadily 
decrease after 2010.  

Other relevant findings of this study are the data on 
ALD and NAFLD. The mortality rates for ALD and 

NAFLD dramatically increased during the 10-year study 
period. In 2016, among patients with cirrhosis, ALD had 
the highest age-standardized mortality rate, more than the 
double of HCV (8.23/100,000 persons vs. 3.20) with an 
APC of +4.5%. At the same time, NAFLD is the third cause 
of cirrhosis mortality (0.82/100,000 persons in 2016) and 
the fourth cause of HCC mortality (0.06/100,000 persons 
in 2016) with impressive APCs of respectively +15.4% 
and +19.1%. These trends could be partly explained by 
the increased awareness and improvement in diagnosis in 
the last 10 years even though the ICD coding system has 
shown to underestimate NAFLD prevalence and mortality. 
However, it is important to note that in spite of the ALD 
and NAFLD trends, HCV still accounted for most of HCC 
deaths during the study period confirming the different 
cancer risk between viral and metabolic diseases (12).

Several U.S. studies also demonstrated that, in the last  
15 years, inpatient mortality from liver cirrhosis significantly 
declined over time (13,14). Then, the trends in cirrhosis 
mortality presented by Kim et al. confirms that some burden 
of mortality cirrhosis shifted from the in-hospital to the 
outpatient setting as already suggested by previous Veterans 
Administration hospitals’ data (14).

Finally, a subgroup analysis of mortality by ethnical 
groups was conducted. In 2016, non-Hispanic whites and 
Hispanic had the highest age-standardize cirrhosis mortality 
while non-Hispanic blacks and non-Hispanic Asian had the 
highest HCC mortality. In terms of APC, non-Hispanic 
whites had the highest APC in cirrhosis and HCC-related 
mortality (respectively +3.5% and +2.4% per year) while 
non-Hispanic Asians were the only ethnic group showing 
a significant APC reduction in HCC mortality with a 
decline of 3.5% per year. The interpretation of these data 
is difficult because no adjustment for etiology’s prevalence, 
income and/or access to care was performed. A recent study 
showed that a significant variability exists in U.S. in liver 
disease-related mortality among states and is independent 
from the prevalence of alcohol consumption and obesity 
while strongly correlates with high prevalence of Hispanic 
individuals, viral hepatitis and low income (15).

In conclusion, the work by Kim et al. provides the liver 
community with relevant data about the changes in cirrhosis 
and HCC mortality in U.S. over the last 10 years (Figure 1).  
In the DAA era, HCV-cirrhosis mortality significantly 
decreased while HCV-HCC mortality did not increase after 
2012. After the introduction of high-barrier nucleoside and 
nucleotide analogues for HBV, HBV-cirrhosis mortality 
has constantly decreased. Studies with longer follow-up are 
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needed to capture changes in the mortality of HBV and 
HCV-related HCC. Concurrently, mortality rates for ALD 
and NAFLD associated cirrhosis and HCC dramatically 
increased in the last years. Public policies and treatment 
strategies are urgently required to further reduce liver 
disease mortality with a special focus on metabolic liver 
disease. 
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