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Liver cancer and viral hepatitis

Worldwide, liver cancer is the fifth most commonly 
diagnosed cancer (1), with over half a million new cases 
diagnosed annually (2). The number of deaths per year, 
attributed to the liver cancer is almost identical to its 
incidence (1), making it the second leading cause of cancer-
related mortality in the world, and the ninth leading cause 
of cancer death in the United States (3-5). Hepatocellular 
carcinoma (HCC) accounts for 70-85% of the total liver 
cancer burden (6), thus representing the major histological 
subtype of primary liver malignancies. 

Almost 80% of cases of HCC are due to underlying 
chronic hepatitis B and C infection (7,8), not surprising, 
considering that 1 in 12 individuals worldwide lives either 
with hepatitis B or C infection. The relative risk of HCC 
in patients with chronic hepatitis B or chronic hepatitis C 
infection is about 25-30 times that of those without the 
infection. The disease burden is the highest in the hepatitis 
B-endemic areas (hepatitis B surface antigen prevalence ≥8%),  

with over 80% of all cases of HCC occurring in sub-Saharan 
Africa and Eastern Asia, and over 40% in the People’s 
Republic of China (8,9).

Significant increase in the incidence of HCC that has been 
observed over the past two decades in the United States has 
been mainly attributed to the large reservoir of long-standing 
chronic hepatitis C (10,11). As was demonstrated by El-
Serag, the rate actually began to accelerate in the mid-1980s, 
most likely due to the increased incidence of cirrhosis due 
to chronic hepatitis C infection and non-alcoholic fatty liver 
disease (NAFLD), combined with large influx of immigrants 
from hepatitis B-endemic areas, including East Asia (12). As a 
consequence of high hepatitis C virus (HCV) infection rates 
in the United States between 1960 and 1980, and the average 
lag time between HCV acquisition and the development of 
cirrhosis and HCC of 20-30 years, the incidence of HCC is 
expected to continue to rise.

While HCC is  more common in men,  the age 
distribution of HCC cases depends on the dominant viral 
hepatitis and age at which it was acquired. In the regions with 
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high HCC incidence (where hepatitis B virus transmitted at 
birth is the most common cause), HCC is usually diagnosed  
a decade earlier compared to North America and Europe, 
where most HCC is related to HCV acquired later in life (2). 
In majority of cases (80-90%) HCC occurs in the setting of 
cirrhosis (13). 

Hepatitis B and HCC

Chronic hepatitis B is the most common cause of viral 
liver disease worldwide, with over 350 million infected 
individuals (or 5% of the world population). HCC is one of 
the major consequences of chronic hepatitis B, and variety 
of viral and host factors contribute to its development. 
In hepatitis B virus (HBV)-related cirrhosis, the 5-year 
cumulative risk of HCC is 15% in high endemic areas 
and 10% in the West (14). In the recent study from the 
United States, the death rate from HCC was twice that 
of decompensated cirrhosis in individuals with chronic 
hepatitis B infection; with HCC death representing 70% of 
all cancer-related death in males and 37% in females (15). 
While only 16% of cases of HCC in the United States are 
attributed to HBV, worldwide HBV accounts for 54% of 
all cases of HCC, which is not surprising considering that 
almost half of the world’s population leaves in the areas with 
high HBV prevalence. It is important to keep in mind, that 
while 70-90% individuals who develop HCC in the setting 
of HBV infection will have cirrhosis (16,17), HCC can also 
develop in the absence of cirrhosis, including inactive HBV 
carriers (18).

Men with chronic hepatitis B, appear to be at higher risk 
for HCC compared to women (19-21), with cumulative 
lifetime incidence of HCC of 27% vs. 8%. Family history 
of HCC, older age, male sex, Asian or African ancestry, 
alcohol consumption, cigarette smoking, elevated serum 
alanine aminotrasferase (ALT) levels, and the presence of 
core and pre-core mutations, also appears to increase the 
risk of HCC in chronic hepatitis B (17,20,22-27).

Viral factors of hepatocarcinogenesis in HBV infection

Although cirrhosis is the major risk factor for HCC in the 
setting of chronic hepatitis B, over the years several other 
risk factors have been identified, including the viral load, 
the presence of hepatitis B e antigen (HBeAg), and hepatitis 
B surface antigen (HBsAg).

The landmark REVEAL study (28), a large community-
based study in Taiwan that included 3,653 HBsAg-positive 

and HCV-negative patients enrolled between 1991 and 
1992, demonstrated that the risk of HCC was much 
greater in individuals with high serum levels of HBV 
DNA compared to those with low levels (defined as HBV 
DNA <10,000 copies/mL). In this relatively young cohort 
(median age 45 years), at enrollment, 85% were HBeAg-
positive, 94% had normal ALT levels, and only 2% had 
cirrhosis. During a mean follow-up of 11 years, HCC 
developed in 164 patients (4.5%), with higher incidence 
of HCC associated with a higher HBV DNA at the study 
entry. Cumulative incidence of HCC of 14.9% was noted 
among those with HBV DNA >1 million copies/mL, while 
it was much lower at 1.3% among those with an HBV 
DNA level <300 copies/mL, at baseline. The HBV DNA 
level remained an independent predictor for HCC even 
after adjusting for sex, age, cigarette smoking, alcohol 
consumption, HBeAg status, serum ALT level, and the 
presence of cirrhosis at the baseline, i.e., all the other known 
risk factors for development for HCC. It is important to 
keep in mind, however, that most of the individuals in this 
study, likely acquired HBV perinatally; it is not clear if these 
data can be applied to those who acquired HBV as adults.

Yang et al., in the one of the largest prospective 
studies that tested for HBsAg and HBeAg, detected 111 
cases of HCC after following 11,893 Taiwanese men for 
approximately 10 years (29). The prevalence of HBeAg was 
39% among the men who were positive for HBsAg. The 
cumulative incidence of HCC was much higher among men 
who were positive for both HBsAg and HBeAg, than among 
those who were only positive for HBsAg and even higher 
than among those who were negative for both (P<0.001 for 
both comparisons). After adjusting for other risk factors, 
the relative risk (RR) of HCC was 9.6 for men who were 
positive for HBsAg alone and 60.2 for those who were 
positive for both HBsAg and HBeAg, as compared to men 
who were negative for both.

Increased risk of HCC in inactive carriers of HBV (HBV 
DNA <10,000 copies/mL), was demonstrated in another 
population-based study from Taiwan, that included 20,069 
individuals with HBV; 1,932 of them were HBsAg-positive 
(HCV-negative), HBeAg-negative, had normal ALT and 
serum HBV DNA <10,000 copies/mL. During an average 
follow-up of 13 years, the annual incidence of HCC was 
higher in HBsAg-positive patients than in controls (0.06% 
vs. 0.02%) (18).

Moreover, as has been shown in the study that followed 
1,271 Alaskan Natives with chronic hepatitis B for an 
average of 20 years (30), the incidence of HCC, although 
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lower among those who cleared HBV infection (i.e., became 
HBsAg negative) compared to those who remained HBsAg-
positive (37 vs. 196 per 100,000 person-years), was still higher 
than among the general population. Not surprising however, 
it appears that the risk of developing HCC in those who 
cleared HBsAg, at least among Asian patients,  is related to 
the age at which the infection was cleared, with the likelihood 
of developing HCC higher in those who cleared HBsAg after 
50 years of age (31).

Hepatitis B genotype also appears to have an impact 
on the risk of HCC. As has been shown by studies from 
Taiwan, Japan and China (32-34), where genotypes B and 
C are the predominant strains, genotype C is associated 
with more severe liver disease including cirrhosis and HCC  
(32, 35); this is not surprising since patients with genotype C 
tend to have higher frequency of HBeAg-positivity, higher 
serum HBV DNA, delayed HBeAg-seroconversion, and 
basal core promoter mutations (all factors associated with 
higher risk of HCC). It appears, though, that genotype B is 
actually associated with the development of HCC in young  
non-cirrhotic population (35,36). In Western Europe and 
North America, where genotypes A and D prevail, genotype 
D appears to be associated with a higher incidence of 
HCC and development of HCC in young carriers without 
cirrhosis (2).

As has been demonstrated by several studies from Asia 
and Europe, co-infection with HCV (particularly in those 
who are HBeAg-positive), hepatitis D virus (HDV) and 
human immunodeficiency virus (HIV), also appears to 
increase the risk of HCC (14,24,37-39).

Prevention of HCC in chronic hepatitis B: anti-viral 
therapy

Prevention is the best treatment for any condition and HCC 
is not an exception to the rule, especially in view of the high 
mortality. Development of HBV vaccine has been a major 
success in reducing the incidence of HBV and subsequent 
development of HCC. Benefits of vaccination have been 
demonstrated by the countries like Taiwan, where 25 years 
after the adoption of the universal hepatitis B vaccination 
program, HBV carrier rate among children has decreased 
to 1.2% and incidence of HCC among vaccinated children 
decreased by 70% (40). Vaccine is recommended for all 
newborns, pregnant women at their first neonatal visit and 
high-risk individuals. Neonates of HBV-infected mothers 
should get a dose of hepatitis B immunoglobulin (HBIG) 
in addition to vaccination. It is estimated that >90% of 

countries routinely vaccinate newborns against HBV, and 
approximately 70% are now delivering 3 immunization 
doses (8).

What about those individuals that have chronic 
hepatitis B infection? First real prove of benefit of an 
antiviral therapy in reducing the risk of HCC came from 
a multicenter, randomized, placebo-controlled, parallel 
group study of lamivudine in patients with advanced liver 
disease by Liaw et al. (41). After a median of 32.4 months 
of therapy, HCC occurred in 3.9% of those on lamivudine  
(100 mg daily) and 7.4% of those in the placebo group 
(hazard ratio, 0.49; P=0.047). Since then, several systematic 
reviews also suggested that the relative risk of HCC is 
reduced by approximately 60% following treatment with 
interferon or nucleos(t)ides (42-44), although benefit 
seems to be restricted to those with advanced fibrosis or 
cirrhosis, and is not seen in those who developed nucleos(t)
ide resistance. While most of the data on the benefits of 
oral antiviral therapy comes from the studies on lamivudine 
and adefovir, a recent retrospective cohort study from Japan 
demonstrated reduction in the incidence of HCC with 
long-term use of entecavir, with cumulative 5-year rates of 
3.6% vs. 12.3% in those on no anti-viral therapy (45).

Analyzing the Taiwan National Health Research 
database, Wu et al. demonstrated that nucleoside analogues 
reduce the risk of recurrent HBV-related HCC following 
liver resection (46). Authors demonstrated a 6-year HCC 
recurrence rate of 45.6% compared to 54.6% in untreated 
individuals, as well as a 6-year reduction in overall mortality 
(29% vs. 42.4%), with number needed to treat (NNT) 12 
to prevent one HCC over 6 years, and 6 to prevent 1 death 
over that same period of time.

As demonstrated by the above data (41-45), the risk 
of HCC is reduced, but is not completely eliminated by 
anti-viral therapy. In the recent meta-analysis, lamivudine 
treatment significantly reduced the incidence of HCC 
compared to no treatment, however HCC still developed 
at a rate of 1.3 per 100 patient years in chronic hepatitis B 
patients receiving lamivudine (47). This finding highlights 
the need for continued surveillance for HCC, especially in 
those without adequate suppression, older age and cirrhosis. 
While, it is not yet clear whether treatment of non-cirrhotic 
patients with chronic hepatitis B, if instituted early enough 
could eliminate the risk of HCC altogether, and as pointed 
in the recent editorial by Sherman (48), performing such a 
study will be difficult (and might never be done), anti-viral 
therapy should be provided to the individuals with active 
HBV.
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Hepatitis C and HCC

Approximately 2% of world population has evidence of 
HCV infection (approximately 180 million people) (8). 
Cohort studies indicate that HCC remains the major 
cause of liver-related death in patients with compensated 
cirrhosis, and HCV infection is associated with the highest 
HCC incidence in persons with cirrhosis, occurring twice 
as commonly in Japan than in the West (5-year cumulative 
incidence, 30% and 17%, respectively) (14). Japan has 
had one of the highest incidence rates of HCC associated 
with chronic hepatitis C infection; incidence appears to be 
decreasing in the recent years (49). In the United States, 
HCV is the leading cause of HCC, where it accounts for 
50-60% of cases. HCV infection acquired 2-4 decades ago 
explains at least half of the observed increase in HCC in the 
United States, including the fastest increase in white men 
45-54 years of age, and HCV-related HCC is expected to 
continue to increase for another 10-13 years (10,12). 

Viral and host factors in HCV-related HCC

HCV appears to increase the risk of HCC by inducing 
hepatic inflammation and importantly fibrosis, as well as 
promoting malignant transformation (50). Although the risk 
for HCC is highest in those with cirrhosis, occurring at the 
rate of 1-4% per year (51), it is important to keep in mind 
that HCC has been reported in chronic hepatitis C in the 
absence of cirrhosis. In the HALT-C trial, HCC developed 
in 8% of individuals without cirrhosis but with advanced 
fibrosis (52).

Not unlike the case with chronic hepatitis B, men and 
older individuals have an increased risk of HCC. Other risk 
factors for HCC in the setting of chronic hepatitis C are 
co-infection with HIV or HBV, diabetes and obesity (see 
below), as well as chronic alcohol consumption.

The level of viremia in HCV does not appear to impact 
the risk of HCC (at least based on the European and US 
data), although any HCV viremia does increase the risk. 
Interestingly, HCV genotype 1b infection appears to almost 
double the risk of development of HCC compared to all 
other genotypes, based on a meta-analysis of 21 studies (53).  
This might be a contributing factor to the high rate of 
HCV-related HCC in Japan, where 73% of individuals 
carry genotype 1b HCV infection.

Vitamin D deficiency is common among individuals with 
chronic hepatitis C, including those with minimal fibrosis, 
and severe vitamin D deficiency occurs in about 25% 

of those with chronic hepatitis C (54). While vitamin D 
deficiency has been associated with increased risk of colon, 
breast and prostate cancer (55-59), it remains unclear as to 
whether vitamin D deficiency is associated with an increased 
risk of HCC (60). In fact, we were unable to demonstrate 
an association between vitamin D deficiency and HCC 
in a case-control study of 51 individuals with HCC and 
cirrhosis (mainly due to chronic hepatitis C) and age- and 
liver disease-matched controls without HCC (Samoy,  
et al. 2013; unpublished data). Further studies looking into 
this association are needed, since they might lead to the 
preventative and possibly therapeutic strategies.

Antiviral therapy for chronic hepatitis C and the risk of 
HCC

Randomized and non-randomized studies, including a 
recent meta-analysis on the role of antiviral therapy in 
HCV-related HCC, have shown a 57-75% reduction in the 
risk of development of HCC with achievement of sustained 
virologic response, both in those with and without cirrhosis 
(61-67), and possibly even in those with decompensated 
cirrhosis (68). It is important to remember however, that 
individuals with advanced fibrosis who clear HCV viremia 
with anti-viral therapy (aka achieve sustained virologic 
response) have a reduced but not eliminated risk of HCC and 
should continue to undergo surveillance (2,65). This was 
again recently demonstrated by a study from Sweden (69),  
showing significantly decreased risk of HCC, liver 
decompensation and death in patients with HCV-related 
cirrhosis after sustained virologic response, however long-
term risk of development of HCC remained up to 8 years of 
follow up.

Interestingly, low pre-operative HCV viral load predicted 
better long-term surgical outcomes in patients undergoing 
resection for HCC independent of serologic eradication of 
HCC (70). Both 5-year recurrence-free (36.1% vs. 12.4%) 
and 5-year overall survival rates (76.6% vs. 57.7%), were 
significantly higher in the lower viral group compared to 
the high viral load group, with reported tumor recurrence 
hazard ratio of 1.87 in the high viral load group. Moreover, 
recently published analysis of the 2,237 anti-viral naïve 
HCV patients with curatively resected HCC from the 
Taiwan National Health Insurance Research Database, 
suggested that postoperative peg-interferon plus ribavirin 
(for at least 16 weeks after surgery) reduced recurrence of 
HCC (71). After 5 years of follow-up, the recurrence rate 
of HCC was significantly lower in the treated than matched 
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untreated cohort: 52.1% vs. 63.9%, with NNT 8 to prevent 
one HCC recurrence at 5 years. Interestingly, the greater 
risk reduction of recurrent HCC was observed among 
younger patients (<60 years), and those without cirrhosis or 
diabetes.

While antiviral treatment for chronic hepatitis C is very 
efficacious and will become even more so with the approval 
of novel direct acting anti-virals in the next few years, their 
effectiveness in the community practice, including endemic 
regions, is quite low due to barriers in access, diagnosis and 
cost of medications. It was estimated that approximately 
45-85% of the individuals with chronic hepatitis C in the 
United States are unaware that they are infected and thus do 
not receive needed care and treatment (72). In the effort to 
improve detection of HCV, US Centers for Disease Control 
and Prevention, now recommends routine screening for 
HCV in all individuals born between 1945 and 1965, 
who represent approximately 76% of those individuals 
infected with HCV, and 70% of all HCV-associated deaths. 
This recommendation was recently supported by the 
US Preventive Service Task Force (USPSTF), that now 
recommends screening for HCV infection in persons at 
high risk for infection, including offering 1-time screening 
for HCV infection to adults born between 1945-1965  
(B recommendation) (73).  When accompanied by 
appropriate care and treatment, as suggested by Ward, 
HCV testing can reduce risk of HCC by 70% (72).

Non-alcoholic fatty liver disease and HCC

While worrisome trend of the rising incidence of HCC 
in the United States has been primarily attributed to the 
high prevalence of chronic hepatitis C in this population, 
and is expected to plateau by 2020, epidemiological studies 
indicate that up to 50% of all cases of HCC do not have a 
clear etiology (74,75). HCC has been linked to NAFLD, 
which has become the most common liver disorder in the 
United States and other industrialized countries. NAFLD 
is present in 30% of the general adult population, 90% of 
morbidly obese adults (BMI ≥40 kg/m2), and close to 74% 
of those with diabetes (76-78).

The exact prevalence of HCC in cirrhotic NAFLD 
remains unknown; however the risk of HCC due to 
NAFLD appears to be less than that of chronic hepatitis 
C. A recent United States study, reported a 2.6% yearly 
cumulative incidence of HCC in NAFLD and 4.0% in 
HCV cirrhosis (over a median follow up 3.2 years) (79), 
while a prospective 5-year study from Japan reported a rate 

of HCC of 11.3% among patients with NAFLD-cirrhosis 
compared to 30.5% among those with HCV-associated 
cirrhosis (80).

Keeping in mind prevalence of NAFLD and its natural 
history, however, NAFLD may actually become the primary 
source of HCC in the United States and other developed 
countries, thereby offsetting the impact of successful 
measures on reducing HCV-related HCC (81). This 
concern might be further demonstrated by a recent study 
from Germany, identifying non-alcoholic steatohepatitis 
(NASH) as the most common etiology of HCC (24%), 
surpassing chronic hepatitis C (23.3%), chronic hepatitis 
B (19.3%) and alcoholic liver disease (12.7%) (82). While 
it is estimated that 30-40% of all HCC in industrialized 
countries occur in patients with cryptogenic cirrhosis (74), 
as has been demonstrated by several studies, majority of 
these cases are associated with either prior NAFLD or 
other features of metabolic syndrome (81). Diabetes and 
obesity have been establishes as independent risk factors 
for HCC, and that association holds true in the setting 
of NASH (83,84). Of concern, is the growing body of 
literature suggesting that NAFLD contributes to non-
cirrhotic HCC, and that HCC can develop in patients 
with metabolic syndrome and NAFLD, in the absence of 
NASH and fibrosis (85); however as demonstrated by a 
recent systematic review, while there is an epidemiological 
evidence to support an association between NAFLD or 
NASH and increased risk of HCC, the risk seems to be 
limited to individuals with cirrhosis (86).

Prevention of HCC in NAFLD

Since insulin resistance and lipotoxicity are distinct 
molecular mechanisms that may promote development of 
HCC in NAFLD, effective treatment of insulin resistance 
and hyperinsulinemia may be in fact critical to prevent 
hepatocarcinogenesis in this population (81). Several 
reports have suggested that the use of insulin-sensitizing 
agents in diabetes may reduce the risk of HCC (87,88). 
Interestingly, metformin in addition to improving insulin 
resistance has direct antiproliferative effects primarily by 
inhibiting the mTOR oncogenic pathway (89). In a case 
control study of diabetic patients with HCC, Hassan et al., 
demonstrated that treatment with metformin or the insulin-
sensitizing peroxisome proliferators activated receptor-γ 
(PPAR-γ) agonist thiazolidinediones (TZDs), resulted in an 
adjusted risk ratio of 0.3 for HCC, while the use of insulin-
secretagogue sulfonylureas was associated with a 7.1-fold 
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increase in the risk of HCC (compared to non-users) (88). 
A recent meta-analysis of observational studies by Singh  
et al. (90), demonstrated a 50% reduction in the incidence of 
HCC with metformin use (OR 0.50), while a 62% and 161% 
increase in HCC incidence was observed with sulfonylureas 
(OR 1.62) or insulin use (OR 2.67), respectively. TZDs did 
not appear to modify the risk of HCC. While noting that 
anti-diabetic medications may modify the risk of HCC in 
patients with diabetes, especially in the Western population, 
study authors expressed caution in interpreting the effect of 
an individual agent, due to the “inherent cancer-modifying 
effect of the comparator group”. Finally, another recent study, 
suggested that insulin-sensitizers might also improve the 
prognosis of HCC, demonstrating lower mortality in diabetic 
patients on metformin, who underwent radiofrequency 
ablation for early HCC (91).  As was suggested by Baffy 
et al., the use of insuling-sensitizing drugs and avoidance 
of treatments contributing to hyperinsulinemia is likely 
to enhance prevention and improve disease outcomes in  
HCC (81).

A recent study by Ascha et al. (79), demonstrated that 
among individuals with NASH cirrhosis, older age and 
alcohol consumption were independent variables associated 
with the development of HCC. Compared to non-drinkers, 
individuals who reported any lifetime alcohol consumption 
were 3.6 times more likely to develop HCC compared to 
those who had no exposure to alcohol.

While individuals with NASH-related cirrhosis should be 
enrolled in the surveillance program, more epidemiologic, 
clinical and molecular biology data are needed to determine 
the relative contribution of obesity, diabetes, and NAFLD 
to HCC and to develop a cancer surveillance program for 
potentially affected population of non-cirrhotic NAFLD 
(81). In the meantime, prevention of obesity, diabetes and 
NAFLD, and avoiding any alcohol use in those with NASH 
cirrhosis, appears to be the best long-term strategy.

Alcohol and HCC

Alcohol abuse may lead to cirrhosis and development of 
HCC in some individuals with heavy alcohol use. The actual 
incidence of HCC in those with alcoholic cirrhosis is not 
very clear, however alcoholic cirrhosis is clearly a risk factor 
for HCC. The annual incidence of HCC was reported at 
around 2.5% among Child-Pugh class A or B alcoholic 
cirrhotics in Spain (92), with higher annual incidence in 
those 55 years of age and older and platelet count less than 
125,000/mm3. In the US and Austrian cohorts, alcoholic 

liver disease appears to account for 24-35% of cases of 
HCC (93-95). Based on the recent data by Welzel et al. (94),  
in the US, the risk of HCC is increased in the alcohol-
related disease (OR 4.06) and represents the second greatest 
population-attributable fraction (PAF) of risk factors for 
HCC (23.5%), overall and among males (27.8%), whites 
(25.6%), Hispanics (30.1%), and blacks (18.5%).

Prior exposure to HBV (positive HBcAb in the absence 
of HBsAg or anti-HCV) in the setting of heavy alcohol use 
appears to significantly increase the risk of HCC in males 
with alcoholic cirrhosis based on the earlier epidemiological 
data from Japan. After prospectively following 91 
individuals with alcoholic cirrhosis for a median of  
5.9 years, Uetake et al. reported cumulative occurrence 
rates of HCC at 6.4%, 18.0% and 28.7% at the end of the 
5th, 7th, and 10th years, respectively (96). When classified 
by HBcAb status (about 30% of individuals were HBcAb-
positive), prior exposure to HBV resulted in much higher 
rates of HCC: 15.6% vs. 2.9% at the 5th year, 28.4% and 
13.5% at the 7th year, and 40.4% vs. 22.1% at the 10th year,  
respectively (96). Hepatitis C and diabetes are not 
uncommon in alcoholics and there also appears to be a 
synergistic interaction between heavy alcohol consumption 
(≥80 mL ethanol/day) and chronic viral hepatitis (93,97) and 
diabetes mellitus (93). Interestingly, however, as observed 
by Serra et al. (98), cumulative survival in alcoholic cirrhosis 
does not seem to be influenced by the presence or absence 
of markers of HCV infection: the cumulative survival curve 
in abstinent alcoholics was significantly different from that 
of “active” alcoholics, and cumulative survival in patients 
with HCV-related cirrhosis who stopped drinking after the 
diagnosis was similar to that in HCV-cirrhotic patients who 
never consumed alcohol. This observation highlights an 
importance of complete alcohol abstinence in any cirrhotic 
patient. 

Surveillance for HCC in chronic viral hepatitis, 
NAFLD and alcoholic cirrhosis

As demonstrated by the HCC incidence and prevalence 
data, the number of death per year attributed to liver 
cancer is almost identical to its incidence (1,99). Only 1 
randomized trial from China showed a 37% reduction 
in HCC-related mortality with surveillance for HCC 
with α-fetoprotein (AFP) and ultrasound every 6 months 
(compared to no-surveillance arm) (100). However, long-
term survival after curative-intent treatment at early stages 
of the disease may now reach 50-70% over 5 years (101), 
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highlighting the importance of effective surveillance and 
early diagnosis of HCC. 

At this time, with the exception of chronic hepatitis B, 
the primary indication for surveillance for HCC is cirrhosis 
of any etiology (99). Surveillance is also recommended 
for Asian male hepatitis B carriers over the age of 40 and 
females over the age of 50, hepatitis B carriers with family 
history of HCC, and African and North American Blacks 
with hepatitis B. Surveillance benefit is unclear at this time 
in male hepatitis B carriers younger than 40 and females 
younger than 50, those with hepatitis C and stage 3 fibrosis 
and non-cirrhotic NAFLD.

Although the most recent American Association for 
Study of Liver Diseases (AALSD) guidelines recommend 
screening for HCC with ultrasound every 6 months for 
at risk individuals, some feel that using the combination 
of AFP and ultrasonography, can increase the yield of 
screening (2), albeit with the increased cost due to increase 
in false positive results. Computed tomography (CT) and 
magnetic resonance imaging (MRI) although are better at 
imaging the liver when compared to the ultrasound, have 
not been studies as surveillance tools, and are currently 
indicated for diagnosis and staging of HCC, rather than 
surveillance. However, as reported by the HALT-C 
investigators, while absence of screening and follow-up are 
common and potentially contribute to late-stage HCC in 
30% of cases, the most common reason for finding HCC at 
the late stage was an absence of detection (70%), strongly 
suggesting that better surveillance strategies are in-fact 
needed (102).

Screening for HCC in alcoholic cirrhosis is a difficult 
task due to poor compliance and early death. Recent 
data from a Danish nationwide cohort study (103), 
suggests a low risk of HCC (5-year cumulative risk of 
1.0%) in Danish citizens with alcoholic cirrhosis, as well 
as its little contribution to their high mortality (5-year 
cumulative mortality of 43.7% with only 1.8% of all death  
HCC-related). The study authors suggested, based on 
their data, that surveillance for HCC would be expected 
to have a minimal effect on mortality and unlikely to be 
cost-effective (103). The current AASLD guidelines accept 
alcoholic cirrhosis as a significant risk factor for HCC, 
probably sufficient to warrant surveillance for HCC (104). 
In his comment on the Jepsen et el paper, Sherman (105) 
noted the Danish study reported the incidence of HCC 
at the lower end of reported rates in alcoholic cirrhosis, 
with rates higher in other geographic areas (96,106,107), 
suggesting that the risk has to be assessed locally. He 

concluded that while the data from Denmark needs further 
confirmation before alcoholic cirrhosis is “scratched off” 
the list of screening candidates, it should be moved from 
the “definitive” to “possible” category (along with NAFLD, 
diabetes, autoimmune hepatitis, and treated hepatitis C),  
which includes “those patients for whom the risk of 
HCC has not been accurately assessed, and for whom 
no recommendation for or against screening can be  
made” (105). 

Although HCC in NAFLD may have a distinct 
pathogenesis, presence of cirrhosis in NAFLD results in 
much higher risk of HCC, similar to other forms of chronic 
liver disease (108), and cirrhotic patients with NAFLD 
should undergoing screening as currently recommended. 
However, traditional approach to surveillance for HCC in 
NAFLD poses several problems. If we were to accept that 
obesity and diabetes (109,110), are the major risk factor for 
HCC (even in the absence of cirrhosis), then as observed 
by Baffy et al. (81), in the United States alone it will imply 
consideration for surveillance for HCC for every 3rd adult, 
or for the 26 million of diabetics (many of whom also have 
NAFLD). On the other hand, as has been observed by 
Caldwell et al. (111), since cryptogenic cirrhosis develops 
insidiously and individuals do not have pre-existing well-
recognized risk factors such as viral hepatitis B or C, or 
alcoholic liver disease, underlying liver disease might go 
“unrecognized” in the majority of the affected individuals. 
This was in fact confirmed by a single-center study from 
US, where only 47% of those with cryptogenic cirrhosis 
and HCC, had prior histological diagnosis of NASH or 
clinically suspected NAFLD; not surprisingly then, was 
the finding, that much less individuals with cryptogenic 
cirrhosis were enrolled in the HCC surveillance program 
(23% vs. 61%, P=0.01), or diagnosed with small, early stage 
disease, impacting on their success of therapy (112).

Obviously, better understanding of the relative 
contribution of obesity, diabetes mellitus and NAFLD to 
HCC, as well as molecular pathways that can accelerate 
hepatocarcinogenesis in these conditions, is needed in 
order to develop cancer surveillance recommendations and 
programs in this vast population.

Conclusions

Chronic viral hepatitis remains a major risk factor for HCC 
worldwide. Vaccination of infants at birth for hepatitis B 
is highly effective in decreasing the incidence of HBV and 
development of HCC. Antiviral therapies demonstrate 
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possible decreased but not completely eliminated risk of 
HCC in both hepatitis B and C individuals and surveillance 
for HCC needs to continue, especially in those with 
cirrhosis, even after viral eradication. However, as antiviral 
therapies continue to improve in efficacy and tolerability 
and will hopefully lead to decrease in HBV- and HCV-
related liver cancer, NAFDL is becoming a leading cause 
of HCC in developed countries, and with the epidemic of 
obesity and diabetes on the rise, other parts of the world will 
likely to follow suit. While we need better understanding 
of which individuals with NAFLD require surveillance for 
HCC, as well as better screening modalities to improve 
detection of early HCC, more efforts need to be directed 
towards prevention of obesity, diabetes and NAFLD, as well 
as increased awareness of the magnitude of the problem. As 
was recently demonstrated by Welzel et al. (94), among US 
persons ≥68 years, while the dominant risk factors for HCC 
differ by sex and race/ethnicity, diabetes and obesity had 
the greatest population attributable factor of 36.6%, and 
eliminating diabetes and obesity could reduce the incidence 
of HCC more than the elimination of any other factors 
(including HCV, HBV, and alcohol).
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