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Introduction

More than half a million individuals per year are diagnosed 
with hepatocellular carcinoma (HCC). From a global 
perspective it ranks as the fifth most common cancer in men 
and the seventh in women (1). Worldwide it ranks third 
in cancer mortality behind lung and gastric cancer. In the 
present decade, we are experiencing a shift in incidence that 
is declining in the Asian-Pacific region, where it is primarily 
due to vertical transmission of hepatitis B, to an increasing 
incidence in the Western world due to the maturation of the 
hepatitis C epidemic. In the U.S. the increase is three fold 
in the last decade (2). If we understand the epidemiology 
and risk factors and screen accordingly we can make an 
impact.

Epidemiology of HCC

Geographic variation in the incidence of HCC for the most 
part is dependent upon its primary risk factors.

In Eastern Asia and sub-Sahara Africa where the 
highest incidence rates occur (>20/100,000), hepatitis B 
infection, mostly from vertical transmission, accounts for 
70% of the HCC cases. In Europe and North America, 
considered low incidence areas (<5/100,000), hepatitis 
C and alcohol account for 50-60% and 10-20% of the 
HCC cases respectively. The incidence rates of HCC are 
decreasing in some areas in China primarily in Hong Kong, 
Shanghai, and Singapore related to universal vaccination for 
hepatitis B (3-6). HCC in Japan, where hepatitis C is the 
most common etiology, is also experiencing a decreasing 
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incidence. This is secondary to the timing of acquisition 
where most infections were through blood transfusions 
20 years prior to the US epidemic in which IV drug 
experimentation predominated. HCC incidence in the 
United States and Europe is increasing. The driving force is 
predominantly hepatitis C infection. In the U.S., the overall 
age adjusted incidence and mortality rates tripled between 
1975 and 2007 (1). The annual percentage increase was 
4.3% per year. HCC has become the fastest rising cause of 
cancer related death in the United States. There are pockets 
in the United States were the mortality of HCC is high  
(Figure 1) (7). These areas include Texas, Louisiana, and 
Mississippi. In the U.S., the age adjusted HCC incidence 
for Asian/Pacific Islanders is three times that of Caucasians. 
However, the annual percentage increase in HCC per 
ethnicity in the U.S. between 1992 and 2005 was highest 
among American Indians and Alaskan natives at 5.0%. 
Black, white, and Hispanics had an annual percentage 
increase of 4.9%, 4.6%, and 4.0% respectively (8). Regional 
differences in the incidence of HCC also exist. The 

HCC incidence rate among South Texas Latino men and 
women (17.3/100,000 and 5.4/100,000) is 45% and 42% 
higher than the incidence of HCC in a comparative U. S. 
SEER Latino population (9) (Figure 2). This may reflect 
differences in the incidence of hepatitis C, diabetes, and 
alcohol consumption. Increasing HCC incidence is linked 
to increasing cirrhosis. Although noncirrhotic hepatitis B 
is notoriously linked to HCC, 70-80% of hepatitis B HCC 
occurs in cirrhosis patients. In hepatitis C, greater than 90% 
of HCC patients have cirrhosis. In Texas 30-35% of hepatitis 
C virus (HCV) patients presenting for the first time to the 
physician’s office will have established cirrhosis (10) (Figure 3).  
This is projected to increase over the next decade. The 
prevalence of cirrhosis and decompensated liver disease in 
U.S. veterans doubled between 1996 and 2006. In this same 
study, the prevalence of HCC increased ten times.

Foreign born persons accounted for almost a third of the 
U.S. HCC diagnosis between 2000 and 2005. Eighty percent 
of Asian-Pacific Islanders and 40% of Hispanics HCC 
patients were born outside the United States during this time 

Figure 1 The map is created by statecancerprofiles.cancer.gov on 04/04/2012 8:33 am. Source: death data provided by the National Vital 
Statistics System public use data file. Death rates calculated by the National Cancer Institute using SEER*Stat. Death rates (deaths per100,000 
population per year) are age-adjusted to the 2000 US standard population (19 age groups: <1, 1-4, 5-9, …, 80-84, 85+). The Healthy People 
2010 goals are based on rates adjusted using different methods but the differences should be minimal. Population counts for denominators are 
based on the Census 1969-2008 US Population Data File as modified by NCI. The US populations included with the data release have been 
adjusted for the population shifts due to hurricanes Katrina and Rita for 62 counties and parishes in Alabama, Mississippi, Louisiana, and Texas.
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period. Foreign born Caucasians accounted for 17%, blacks 
for 6%, and American Indians/Alaskan Natives 3% (11).

It is rare for HCC to occur before the age of 40. Female 
rates peak five years older than the peak age group for 
males (12). In the U.S. between 2000 and 2005 the majority 
of the increased incidence of HCC occurred among men age 
52-59 years (8). In the U.S. it is becoming more common for 

HCC to occur in a younger population. The driving factor 
behind this is a maturation of the hepatitis C epidemic.

Risk factors for HCC

Risk factors for HCC can be divided into modifiable and 
non-modifiable risk factors (Table 1). Unfortunately, we 

Figure 2 Annual age-adjusted incidence rates of hepatocellular carcinoma by ethnicity, 1995-2006. Annual age-adjusted incidence of HCC 
increased over the study period and was highest among South Texas Latinos. Data for non-Latino whites (NLW) is included for general 
comparison purposes. doi:10.1371/journal.pone.0035573.g001.

Figure 3 Projected number of all chronic hepatitis C virus (HCV) infections (light bars) and HCV-related cirrhosis (dark bars) in the state 
of Texas over the next two decades. The proportion of infected cases with cirrhosis is shown as a line (6).
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cannot change our age, gender or race; however, we do 
have the ability to modify risk factors such as hepatitis 
C, hepatitis B, HIV, obesity, diabetes, alcohol intake and 
environmental exposures.

Gender

HCC occurs more often in males (ratio: 2:1 to 4:1) (13). 
This may reflect that men are more likely to be infected with 
viral hepatitis, consume alcohol, smoke cigarettes, and have 
a higher body mass index than women. Gender differences 
do exist in the liver with the masculinization or feminization 
occurring early in development peaking at puberty. These 
sexual differences involve gender specific gene expression, 
mitochondrial function, microsomal enzyme activity, 
membrane lipid composition and immune responses 
(14-16). Higher testosterone levels play a role. Elevated 
testosterone levels or the intake of anabolic steroids have 
been associated with increased incidence of liver adenomas 

and HCC. Higher serum levels of testosterone have been 
linked to HCC risk in nested case control studies of hepatitis 
B virus (HBV) carriers in Taiwan and Shanghai (17). High 
testosterone levels have been linked to advanced hepatic 
fibrosis and inflammation in males with chronic hepatitis C 
infection (18). In animal models androgens have been shown 
to increase the transcription of hepatitis B genes and bind 
directly to the viral genome sites (19). Gender disparity in 
IL6 production may also play a role. IL6 is a known cytokine 
associated with inflammation and implicated in modeling cell 
growth. IL6 is increased in HCC patients. Male dominant 
HCC incidence disappeared when production was blocked 
in mice (20).

Estrogens may play a role in the incidence of HCC 
among women. Cases control studies have shown a 5-fold 
increase in HCC in women with more than five years 
exposure to oral contraceptives (21-23). 

Hepatitis B

Hepatitis B accounts for over 50% of HCC incidence 
worldwide (24). In endemic areas the transmission is most 
often vertical (mother to child). Here, the timing of the 
infection is early thus, the occurrence of HCC appears 
earlier. Most cases of hepatitis B related HCC occur in 
patients with cirrhosis. The lifetime relative risk for HCC is 
15-20 times greater in HBsAg positive individuals compared 
to HBsAg negative individuals (25). The individual lifetime 
risk for persons with chronic hepatitis B infection is 
between 10% and 25% (26). High viral load, genotype (C 
in Asia, D in North America), longer duration infection, 
and co-infection with hepatitis C, HIV, or HDV, increase 
the risk of HCC (27,28). Active viral replication (HBeAg 
positivity) confers an increased HCC risk 60 times verses 
only 10 times in non-replicating HBsAg men. HBV-DNA 
levels have been correlated in a dose response relationship 
to the later development of HCC in patients followed for 
a mean of 11.4 years. The hazard ratio of developing HCC 
was found to be 1.1 for participants with serum of HBV 
DNA levels of 300 to 9,999 copies/mL, 2.3 for 10,000 to 
99,999 copies/mL, 6.6 for 100,000-999,999 copies/mL and 
6.1 for 1 million copies/mL or greater (27,29) (Figure 4). This 
dose dependent correlation became increasingly stronger 
in a stepwise analysis sequentially removing patients with 
elevated serum ALT levels, seropositivity for HBeAg, and 
cirrhosis. A significant difference is seen in cumulative 
incidence of HCC in patients whose HBV DNA levels 
were >10,000 copies/mL (3.75 vs. 1.37) although the 

Table 1 Risk factors for HCC 

Age

Gender (male)

Cirrhosis

HBV

HCV

Fatty liver (NAFLD/NASH)

Obesity

Metabolic syndrome

Diabetes type II

HIV + HBV/HCV

Dietary

Beneficial (negative influence)

Coffee (mod. strong evidence)

Miso soup/tofu

Selenium

Beta carotene

Retinoic acid

Vegetable/fruit intake

Detrimental (positive influence)

Alcohol

Aflatoxin

Abbreviations: NAFLD, nonalcoholic fatty liver disease; NASH, 

nonalcoholic steatohepatitis; HBV, hepatitis B virus; HCV, 

hepatitis C virus.
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greatest difference occurred with >100,000 copies/mL 
(12,17). The cumulative incidence of HCC ranged from 
1.3% with undetectable levels of HBV-DNA to 14.9%  
with >100,000 copies/mL. Additionally, in a study with 
follow up of 11 years, the relative risk of mortality from 
HCC was not significant for low viral load persons (HBV 
DNA less than 100,000 copies/mL) versus 10.7 with 
high viral load (HBV DNA >100,000 copies/mL) (30). 
It is unclear if these observations can be carried over in 
the Western world where the majority of hepatitis B viral 
infections occur horizontally. This correlation may not occur 
in infected persons <30 yrs who may be immune tolerant.

Alcohol consumption increases the risk of HCC in 
hepatitis B patients. Moderate drinking (≥3 drinks per week 
for >15 years) increases the odds ratio of HCC 3 to 4 fold (31). 
HBV-HCC occurred approximately ten years younger in 
chronic alcohol users (32,33). 

Antiviral treatment reducing the levels of hepatitis B viral 
DNA can affect HCC occurrence. The cumulative HCC 
incidence at five years was reduced to 3.7% in an entecavir 
treated group versus 13.7% in controls. The reduction in 
HCC was greatest in those patients at high-risk for HCC 
especially in those with cirrhosis. Entecavir is superior to 
lamivudine in reducing the incidence of HCC (34).

Hepatitis C

The risk of HCC is increased 17-20 fold in HCV infected 
persons versus HCV negative controls (35). HCC mostly 
develops in cirrhotic individuals although in the HALT-C trial 

8% occurred in patients with advanced fibrosis (36). Once 
cirrhosis occurs, the incidence of HCC is 1-4% per year.

The global incidence of hepatitis C is approximately 
2% (37). In the U.S., between 4.1 and 5 million persons 
have antibodies to HCV and 3.2 to 3.4 million persons are 
chronically infected (38). The “biologic clock” (infection to 
cirrhosis to HCC) for hepatitis C is dependent on the time 
of infection. The average time from inoculation of HCV 
virus to the development of cirrhosis is 24 years and to the 
development of HCC 29 years. In Japan, most infections 
occurred in the 1920s and 1940s from a contaminated blood 
supply while in North America most infectious occurred 
between 1960s and 1970s, largely as a result of intravenous 
drug experimentation. Thus, the incidence of HCC has 
peaked in Japan and is declining. In the U.S. the incidence 
is increasing and is expected to peak within the next five 
years (39,40). HCV was present in the blood supplies in 
North America until the development of screening tests 
in 1990 resulted in a dramatic decline in this infection 
route. HCC incident rates of 1 per 1,000 persons/year have 
been linked to recipients of HCV contaminated blood or 
blood products. Unlike hepatitis B, HCC risk association 
with viral factors such as genotype and viral load are less 
important than host factors such as time of acquisition, 
male gender, alcohol intake, metabolic syndrome, diabetes 
or co-infection with HIV/HBV. Co-infection with HBV 
dramatically increases occurrence of HCC with an odds ratio 
of 165 versus 17 for hepatitis C and 23 for HBV alone (41). 
The consumption of heavy alcohol (>50 g/day) results 
in increased incidence and earlier development of HCC. 
This synergistic increase is between 1.7 and 2.9 fold when 
compared to HCV-HCC alone (42). 

Treatment resulting in a sustained viral response (SVR) 
results in a reduction of the incidence of HCC. A SVR is 
associated with 54% reduction in all-cause mortality (43). 
The reduction in HCC with a SVR occurs whether or not 
the patient has advanced fibrosis or cirrhosis. In persons at 
all stages of liver disease HCC occurred in 1.5% responding 
to treatment compared to 6.2% who did not respond. In 
patients with advanced liver disease the reduction of risk 
was similar but HCC occurred in 4.2% of SVR responders 
in contrast to 17.8% of nonresponders. 

Importantly, even with the achievement of a SVR a risk 
for the development of HCC remains.

Nonalcoholic fatty liver disease (NAFLD)

In developed countries, the most common form of liver 

Figure 4 An association between baseline serum level of hepatitis 
B virus (HBV) DNA and future incidence of hepatocellular 
carcinoma (HCC). [Modified from Ref (27). Taken from El-Serag 
HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. 
Gastroenterology 2012;142:1264-73.e1.].
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disease is NAFLD (44). Being overweight and obesity is 
associated with a higher risk of HCC. Men with a body 
mass index over 35 kg/m² are four times more likely to 
die from liver cancer when compared to a control group 
with normal body mass index (18.5-24.9 kg/m²) (45). The 
relative risk of HCC is 117% for overweight subjects and 
189% for obese patients (46). In the United States, 30% 
of the general population and 90% of the morbidly obese 
have fatty liver disease. The inflammatory component 
of NAFLD, nonalcoholic steatohepatitis (NASH), is 
estimated to be present in 5-7% of these patients (47). 
This may be an underestimate as reflected by a study in 
San Antonio, Texas which demonstrated NASH in 31% of 
patients who were found to have fatty liver by ultrasound 
(US) criteria (48).

Type II diabetes, often a component of fatty liver and 
the metabolic syndrome increases the risk of hepatocellular 
cancer threefold (49). Type II diabetes is associated with a 
hazard rate ratio of 2.16 for HCC (50). NAFLD is present in 
74% of type II diabetics on liver biopsy. In a large healthcare 
database study between 2002 and 2008, HCC-NAFLD/
NASH was found to be the most common underlying 
etiologic risk factor (59%), followed by diabetes (36%) and 
HCV infection (22%) (51). A European study analyzing 
HCC cases identified steatohepatitis as the leading etiology 
in 24% compared to chronic HCV in 23.3%, chronic HBV 
19.3%, and alcoholic liver disease 12.7% (52).

The majority of HCC-NAFLD occurs in men (53). 
Compared to women, men develop HCC with less fibrosis 
and cirrhosis. The mean age at presentation is 70 years. 
The risk for HCC in NAFLD is less than that of hepatitis C. 
The cumulative U.S. incidence of HCC in NASH patients 
has been shown to be 2.6% compared to 4.0% with HCV. 
In Japan, the cumulative incidence was 11.3% for HCV 
versus 30.5% for NAFLD related cirrhosis.

HCC has increasingly been reported in the non-
cirrhotic NAFLD. Concurrent metabolic syndrome and 
steatohepatitis has been found as risk factors in these 
patients. Non cirrhotic HCC was reported in 116 NAFLD 
patients from 2004 to 2012 representing one third of all 
cases. In a Japanese cohort which included 87 cases of 
HCC nearly half were found not to have cirrhosis. HCC 
has also been reported in NAFLD patients with neither 
steatohepatitis nor fibrosis. 

A large proportion of cryptogenic cirrhosis is secondary 
to NAFLD (54-56). This is supported by a significant 
prevalence of diabetes and obesity in these patients. Patients 
with cryptogenic cirrhosis frequently develop NAFLD and 

NASH post transplantation. Cryptogenic cirrhosis accounts 
for up to one quarter of HCC cases. Retrospective reviews 
have correlated the occurrence of diabetes, insulin resistance 
and dyslipidemia, elements of the metabolic syndrome and 
NAFLD, in many of these patients.

Diabetes

Diabetes is an independent risk factor for HCC (57,58). 
Diabetics have been shown to have between a 1.8 and  
4 fold increased risk. Although closely associated with 
obesity and NAFLD, the risk of HCC remains after 
excluding patients with hepatitis C, hepatitis B, alcohol use 
and fatty liver disease. A graded dose response between 
fasting blood glucose and HCC risk has been reported that 
was independent of BMI (59). The risk is equally present in 
males and females. This association has been shown to be 
stronger in studies with a follow up period of >6 years. This 
increased risk is most evident in type II diabetics.

Dietary factors

Alcohol
Alcohol abuse in the United States occurs in more than 
18 million people. The prevalence rate is five times higher 
than hepatitis C (60). In Europe, alcohol abuse accounts 
for 40-50% of all HCC cases (61). Alcohol consumption in 
11-15-year-old has increased by two thirds since 1980 in the 
United Kingdom.

HCC risk in alcoholics is mostly associated with 
cirrhosis. Once decompensated cirrhosis develops risk is 
approximately 1%/yr. The risk increases with daily alcohol 
intake. An Italian study showed the risk was negligible 
for those who drink <40 g/d (one drink =12-14 grams). 
However, risk increases 1.5 (0.7-2.9) times for ingesting 
between 40-80 g/d and 7.3 (4.0-13.1) for those drinking > 
80 g/d (62). The risk of HCC increases above 1 when daily 
ethanol consumption exceeds 60 g per day, increasing in a 
linear fashion thereafter (62). In the U.S., patients reporting 
drinking any alcohol versus total abstinence had an adjusted 
odds ratio for HCC of 2.4. This rose to 4.5 for drinking > 
80 g/day. Discontinuing alcohol once cirrhosis occurs 
does not seem to lower the incidence of HCC. Alcohol 
when combined with HBV and HCV acts synergistically 
increasing the incidence of HCC 2-4 fold (63).

Aflatoxin
Aflatoxins are naturally occurring compounds produced by 
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Aspergillum species (molds) that grow on grains, corn, peanuts, 
or soybeans stored in warm humid conditions (64). Aflatoxin 
B1 is a potent hepatocarcinogen producing neoplasms in 
rodents and primates. The risk of HCC is dependent on 
dose and duration of exposure. The metabolite AFB-1 
binds to DNA and produces a mutation in the p53 tumor 
suppressor gene. Aflatoxin exposure is more prevalent in 
rural areas. It has a synergistic effect on hepatitis B and C 
induced liver cancer. The risk of liver cancer is 30 times 
greater with chronic HBV plus aflatoxin exposure than with 
aflatoxin exposure alone (65). Aflatoxin exposure contributes 
an estimated 4.6% to 28.2% of the annual HCC cases. 
The highest distribution is in Africa followed by Southeast 
Asia and the Western Pacific nations. It is estimated that 
in high exposure areas of HBV, reducing exposure to non-
detectable levels could reduce HCC cases by 23% (66).

Positive dietary factors

Coffee drinking in several studies including a meta-analysis 
has shown to reduce incidence of HCC. Coffee drinking has 
been associated with decreased risk of elevated enzymes and 
of cirrhosis. It has been shown to reduce insulin levels as well 
as reduce the risk of diabetes type II. The risk reduction of 
HCC is 40% for any coffee consumption per day verses no 
coffee consumption. Interestingly there appears to be a dose 
response relationship with a 20% reduction with 1-2 cups a 
day and a 75% reduction with 5 or more cups per day (67-69).

Other metabolic and genetic diseases

Hemochromatosis, alpha-1-antitrypsin disease, Wilson’s 
disease, tyrosinemia, citrullinemia, Type I and III glycogen 
storage disease, fructose intolerance, and porphyrias have 
an association with HCC.

Hereditary hemochromatosis (HH) is associated 
with increased risk of HCC (70-72). The risk has been 
estimated to be between 100 to 200 fold increased. This 
occurs predominantly in patients with cirrhosis although 
it may also occur in the absence of cirrhosis. Multiple 
studies have shown the rate of HCC in patients with HH 
is approximately 10% overall. HCC has also been found 
in other iron overload disorders. In thalassemia, HCC was 
reported as a late complication. However, many of those 
patients were also positive for hepatitis C. The majority of 
patients had high serum ferritin levels (>2,000). 

African iron overload occurs in patients who consume 
noncommercial beer brewed in nongalvanized steel drums. 

South Africa blacks were found to have a relative risk 
for HCC of 10.6 in those with iron overload (transferrin 
saturation >60%) compared with those with normal iron 
stores after adjusting for alcohol, viral hepatitis and aflatoxin 
B1 exposure. It is inconclusive if mild to moderate iron 
overload associated with hepatitis C, alcohol related liver 
disease or the carriage of HFE mutation increases the risk 
of HCC in patients with cirrhosis.

Alpha-1-antitrypsin disease patients homozygous for the 
Z mutation (PiZZ), are at increased risk for HCC even in 
the absence of cirrhosis. Carriers (PiZ) may have also be at 
risk (73,74).

Hereditary tyrosinemia is an autosomal recess of disorder 
in the pediatric population which results in individuals 
excreting higher levels of succinylacetone into the urine 
and elevated tyrosine levels in the serum results in rapid 
development of cirrhosis and potential for HCC (75). 
Treatment for this disorder when started before the age of 
two may prevent the occurrence of HCC.

Citrullinemia another autosomal recessive of disorder 
presenting in young children is associated with inborn errors 
of the urea cycle has also been associated with HCC (76).

Tumor markers

Most HCCs when diagnosed are advanced in size/stage 
resulting in five-year survival rates less than 12% in the 
United States. When HCC is discovered early, resection 
in non-cirrhotic patients offers a 5-year survival rate of 
70%. Transplantation within the Milan criteria (single  
nodule <5 cm or 3 nodules each <3 cm in diameter) offers 
a greater than 75% five-year survival (77). Radiofrequency 
ablation singularly offers a five-year survival rate in patients 
with early HCC for Child-Pugh A and B between 51-64% 
and 31-38% respectively (78-80). Unfortunately, only 30% 
of the tumors are discovered early enough to offer treatment 
with resection or transplantation. Tumor markers and 
surveillance in high risk populations permit earlier discovery 
of HCC and will improve survival. The most commonly 
used biomarkers at this time are Alpha-fetoprotein (AFP), 
AFP-L3, and Des-Gamma-Carboxy-Prothrombin (DCP). 
Many potentially new markers show promise, two of which 
are Osteopontin (OPN) and fatty acids.

Alpha-fetoprotein (AFP)

AFP, with a half-life of 5-7 days, is synthesized by 
embryonic liver cells, the vitelline sac, and fetal intestinal 
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tract in the first trimester of pregnancy. Serum levels rapidly 
decline in the first 12 months after birth. It is the most 
widely investigated biomarker for HCC diagnosis. The false 
negative rate may be as high as 40% in patients with early 
HCC (<2 cm) (81). Levels may remain normal in 15-20% 
of patients with advanced HCC. Only 10-20% of early-
stage HCC patients have abnormal AFP. Fluctuating levels 
occur with flare-ups of viral hepatitis without HCC. AFP 
cut off value of 20 ng/mL demonstrates good sensitivity but 
low specificity. Levels >200 ng/mL provides high specificity 
but markedly less sensitivity. Cut-off values for AFP in 
various studies ranging from 7.7 to 112 ng/mL have yielded 
sensitivity to be 25% to 90% and specificity between 85% 
and 97% (82). Increasing levels of AFP correlate with the 
development of HCC in cirrhotic patients. Consistently 
elevated levels greater than 500 ng/mL are indicative of 
HCC. In Alaskan hepatitis B carriers, AFP testing allowed 
detection of tumors in an earlier more treatable stage (83).

AFP-L3

AFP can be divided into three glycoforms. The AFP-L3 
fraction expressed as a percentage of AFP reportedly is 
highly specific for HCC when AFP levels are greater than 
20 ng/mL. AFP-L3 is correlated with a shorter tumor 
doubling time, an infiltrative tumor growth pattern, vascular 
invasion, and intrahepatic metastasis (84).

A new hypersensitive (hs) AFP-L3 has shown superior 
sensitivity even at AFP levels <20 ng/mL improving early 
detection of small tumors less than 2 cm. A cutoff value of 
7% has been shown to best discriminate between benign 
liver disease (85). HS-AFP-L3 has been shown to be 
elevated one year prior to the diagnosis of HCC in 34.3% 
of high risk patients. Survival rate with hs-AFP-L3 >7% 
at one year prior to the diagnosis has been shown to be 
significantly lower than those patients with <7% (86).

Des-Gamma-Carboxy-Prothrombin (DCP)

DCP is produced only by malignant hepatocytes resulting 
from an acquired post translational defect in vitamin K 
dependent carboxylase system. Although independent 
of vitamin K deficiency, administration of vitamin K can 
transiently suppress DCP production (87). Levels greater 
than 100 ng/mL are very suggestive of HCC. DCP 
normalizes with successful tumor resection and has been 
shown to correlate with tumor activity. DCP level has 
the best correlation with tumors greater than 3 cm (88). 

DCP levels >125 mAU/mL yield the best sensitivity and 
specificity for differentiating HCC for chronic hepatitis 
and cirrhosis (89). It is more sensitive and specific than 
AFP for differentiating HCC from nonmalignant liver 
disease. High-sensitivity DCP can be used at a cutoff value 
of 40 mAU/mL, AFP at a cutoff of 20 ng/mL and AFP-L3 
cutoff at 10% in combination gives the highest accuracy 
of 82.2% (sensitivity 82.1%, specificity 82.4%) (90). The 
combination use of AFP, DCP and AFP/AFP-L3 yields 
increased sensitivity in diagnosing HCC (91,92). For this 
reason, the Japan Society of Hepatology (JSH) recommends 
all three biomarkers AFP, AFP-L3 and DCP along with 
ultrasonography in their screening for HCC (93).

Other potential markers

Several new promising markers are in phase I/II/III studies. 
These include OPN, Glypican-3, Hepatocyte Growth 
Factor, Insulin-like growth factor, and vascular endothelial 
growth factor (94).

OPN with cut off values of 156 ng/mL and AFP cut-off at 
20 ng/mL combined have a sensitivity of 95% and specificity 
of 96% for diagnosis of HCC (95). Furthermore OPN levels 
were elevated more than one year before diagnosis.

Screening/surveillance for HCC

Screening strategy for HCC is based on two factors, an 
average tumor doubling time of 3-5 months and a cost 
effectiveness threshold of an expected annual incidence 
exceeding 1.5% in cirrhosis and 0.2% in non-cirrhosis HBV 
patients (96). Intervention is determined to be cost effective 
if it does not exceed $50,000 per year of life gained. It is 
considered effective if it results in an increase in longevity 
of 100 days. Using this model, screening for most etiologies 
of cirrhosis is cost effective (autoimmune hepatitis cirrhosis 
may dip below this). The best radiologic tool that fits 
into this model is US examination at six months intervals. 
Biannual US/AFP exceeds the threshold in some studies 
while biannual AFP/annual contrast CT slightly exceeds the 
threshold by $1,750 (97). US has, in general, a sensitivity 
and specificity greater 60% and 90% respectively with a 
positive predictive value of 70% (98). The ability of US 
to detect a HCC nodule is dependent on their size. HCC 
nodules >5 cm result in detection rate of 92%. However, the 
detection rate decreases to 75% for 3.1-5.0 cm lesions, 20% 
for 2.1 to 3.0 cm lesions and 13.6% for 1-2 cm lesions (99). 
False positive AFP results leading to additional unnecessary 
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tests can result in US/AFP not meeting threshold (96). US 
detection varies with the expertise of the person performing 
the examination and with the body habitus of the patient. 
Central obesity hampers the ability of US to detect small 
lesions (100). A dedicated technician may increase the 
detection rate of HCC. It has been shown in hepatitis B 
patients that US surveillance every six months improved 
survival (101). The five year HCC related mortality was 
lower in the screened group attributable to HCC detection 
at an earlier stage I (60% vs. 0%) allowing more patients 
to be treated with resection (47% vs. 8%). This is less 
clear in cirrhotic patients. The current AASLD guidelines 
recommend US every six months without AFP as the 
screening tool for HCC.

Who to screen (Table 2)

All cirrhotic patients should be screened with US for HCC. 
The exception to this would be the non-transplantable, 
decompensated (Child C) HCV cirrhosis patient whose life 
expectancy is too short to experience any survival effects of 
surveillance (102). Alcohol related cirrhosis may fall below 
these thresholds because of a lower incidence of HCC and 
the high (58%) non-HCC related mortality (103). Also, HCC 
screening with CT scan while awaiting liver transplantation 
has been shown to be associated with the greatest gain in life 
expectancy and is cost effective in this setting (104).

N o n - c i r r h o t i c  p a t i e n t s  w h o  a r e  h e p a t i t i s  B 
carriers comprise a group of patients with individual 
recommendations based on cost effectiveness (incidence of 
HCC exceeding 0.2%). Asians are at greater risk for HCC 
then Caucasians (105,106). The risk of HCC in Asian male 

HBV carriers exceeds the threshold starting at the age of 
40 yrs (107). US should be performed in Asian men over 
the age of 40 and Asian women over the age of 50. Black 
African non-cirrhotic HBV carriers have a particularly 
increased risk of HCC at a younger age (108). For this 
reason, screening should begin at the time of diagnosis or 
when reaching 20 years old. It is unclear if this early onset 
can be transferrable to non-African blacks. The guidelines 
are also vague in Caucasians with non-cirrhotic hepatitis B 
and those with a family history (FH) of HCC. 

The risk of HCC in Caucasians appears to be more 
related to the virus inflammatory activity in non-cirrhotic 
patients. Surveillance should be performed in these patients 
with active disease as reflected by an elevated ALT and or a 
high viral load (>20,000 IU/mL) (109). It can be started in 
men at 40 years of age and in women at 50 years of age. 

HBV carriers with a FH of HCC have increased risk (110). 
This risk increases with age (23% with HCC at 70 vs. 
8.9% without a FH) and the number of family members 
affected (risk 5.6 times with >2 family members). Risk is 
independent of hepatitis however the combination of HBV 
or HCV serum markers plus FH increases the risk >70 
times. It is unclear if there is a relationship between the age 
of occurrence of HCC in a family member, index case, and 
the age at which the risk of HCC will occur in the offspring. 
The age at which to start surveillance in these individuals 
has not been defined by the guidelines.

The diagnostic algorithms (Figure 5) once a lesion is 
discovered on US vary between the separate societies. 
Asians societies use AFP, the Americans and Europeans 
do not. All use US as the first screening modality. In the 
Asian guidelines any lesion with characteristic MR/CT 
enhancement is considered diagnostic for HCC while the 
Europeans and Americans use the size of the lesion (>1 cm). 
In a recent review the sensitivity and specificity for HCC 
diagnosis was 60% and 90% for US, 68% and 93% in the 
multiphasic CT, 81% and 85% in dynamic MRI. MRI 
showed the highest specificity. The diagnostic sensitivity 
depended on the size of the tumor. CT and MRI was 
greater than 90% sensitive for tumors 2 cm or larger, 61-
65% and 80-92% tumors between 1 and 2 cm, 10% and 
34-71% in tumors less than 1 cm, respectively (111). The 
greatest difficulty with diagnosing HCC by the various 
radiologic studies lies in diagnosing tumors less than  
2 cm and in particular those less than 1 cm. The differential 
diagnosis for lesions found in a cirrhotic liver less than  
2 cm is broad and includes fibrosis, regenerative nodules, 
cirrhotic nodules and dysplastic nodules. Lesions less than  

Table 2 Surveillance guidelines for screening for HCC**

All patients with cirrhosis (any age)

Child-Pugh A/B

Child-Pugh C awaiting transplantation

Patients with HBsAg

Asians: females >50 yrs, males >40 yrs

Africans/North American Black >20 yrs

Family history of HCC

Non-Asians/Blacks: females >50 yrs, males >40 yrs. With 

“active disease*”

*, HBV DNA >100,000 copies/mL and/or elevated ALT; **, 

Modified from AASLD Guidelines; HCC, hepatocellular car-

cinoma; HBV, hepatitis B virus.
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1 cm can be confused with arterial portal shunting. 
Variations can exist between areas within the liver itself. 
Arterial vascularization in the HCC tumor is an essential key 
to its diagnosis on imaging studies. Arterial enhancement 
occurs when a dysplastic nodule becomes a frank HCC (112). 
MRI is better than CT at visualizing very early vascular 
lesions. However, well differentiated HCC may not have 
significant arterial enhancement in early contrast phases and 
may in fact have some residual hepatocyte function. This 
has been overcome with a new contrast agent, gadoxetic 
acid (Eovist in the United States, Primovist in Europe). 
This agent used in a delayed hepatobiliary phase (20-minute 
delay) results in enhancement of functioning hepatocytes 
that appear brighter in contrast to nonfunctioning 
hepatocytes i.e., HCC. In comparison studies with MRI 
utilizing this contrast agent to CT multi detector scans, 
lesions less than 2 cm were significantly more often found 
with MRI. Lesions 1-2 cm detection rates were 71-87% 
with MRI vs. 65.7-78.7% with CTMD in one comparison 
study and all lesion detection rates were 82-85% verses  
69-71% in an additional two comparison studies (113-115).

When atypical findings occur from a single imaging 
study the AASLD recommendations encourage the use of a 
second imaging modality for further assessment. If atypical 
findings are again found on the sequential scan biopsy is 
recommended. In these atypical lesions, biopsy improves 
specificity of imaging to 100% (116).

Biopsy of lesions less than 1 cm can be challenging. 
Therefore recall, repeating imaging studies, in close 
interval follow-up is essential. A three month interval 
is recommended. A longer interval, six-months, may be 
sufficient especially when the lesion is <5 mm noted to be 
subcapsular in location, ill-defined or wedge-shaped and 
thus more likely representing a vascular shunt. However if 
the lesion is noted to be round or oval, intraparenchymal 
or in a dominant mass a three month recall interval should 
be performed (117). Lesions that do not regress should be 
followed for two years before they are considered benign.

Screening and the guidelines: real world reality

It is important to understand that the various guidelines 

Figure 5 AASLD guidelines: diagnostic algorithm for suspected HCC. CT, computed tomography; MDCT, multidetector CT; MRI, 
magnetic resonance imaging; US, ultrasound. [Modified from Ref (96)]. 
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adopted by different societies are not dictums but 
suggestions. They should be followed as best as possible but 
sometimes reality dictates otherwise.

For surveillance to work we first need to know that the 
patient has cirrhosis. In a recent review in a Marketscan 
claims database of 729,018 patients with at least one claim 
for NAFLD/NASH/HCV over one quarter of the patients 
diagnosed with HCC had no knowledge of liver disease 
prior to their diagnosis (118). Amazingly, of the patients 
known to have liver disease, only 20.1% of patients with 
NASH/cirrhosis and 22.3% of those with HCV/cirrhosis 
were undergoing regular HCC screening.

In a retrospective analysis (HALT-C), even when patients 
were closely followed by expert hepatologists at academic 
centers one third of the patients had inconsistent HCC 
surveillance (119). Only 20% of the patients that developed 
HCC were found at a very early stage (TNM stage T1) and 
over one fourth of the tumors were found beyond the Milan 
criteria. Patients beyond stage T1 were significantly more 
likely to have experienced absence of screening or follow-up.  
Additionally, the most common reason for surveillance 
failure (70%) in tumors beyond the Milan criteria was 
absence of detection by US and AFP. This underscores the 
importance of the imaging study chosen and establishing 
an adequate patient recall program. It is also imperative to 
make the patient understand the importance of screening. 

In our center, we conduct surveillance for HCC 
utilizing US alternating with MRI scan at six-month 
intervals in any patient whose BMI is >30. Otherwise, US 
at six-month intervals is performed. We utilize AFP at 
six-month intervals. AFP-L3 and DCP are ordered with 
AFP in listed and in potential transplant patients. We 
tell patients to use their birthday as a point of reference 
in time to remind him/her of the need for surveillance 
(birthday and six months later).
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