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Abstract: Hepatocellular carcinoma (HCC) currently has the fifth highest 

incidence rate among tumors worldwide, a rate expected to continue 

to increase over the next several decades. The majority of patients with 

HCC have cirrhosis of the liver, with chronic hepatitis B and C as the 

major agents of etiology. Despite advances in technology, the prognosis 

of patients with HCC has shown little improvement over time, most likely 

because most patients are diagnosed at advanced stages. HCC meets 

the criteria established by the World Health Organization for performing 

surveillance in those at risk for developing this tumor (ie, patients with 

cirrhosis of the liver). The objective of surveillance is to use a relatively 

simple and inexpensive examination in a large number of individuals to 

determine whether or not they are likely to develop cancer, with the over-

all goal of reducing morbidity and mortality from the cancer. In this article, 

we evaluate the criteria for performing surveillance for HCC and review 

the data on the efficacy of current surveillance programs.

The decision to screen an at-risk population for cancer is 
based on well-established criteria.1 Although the overall 
goal is to reduce morbidity and mortality from cancer, the 

objective of screening is the utilization of a relatively simple and 
inexpensive examination in a large number of individuals to deter-
mine whether or not they are likely to develop the cancer for which 
they are being screened.2 Screening is the one-time application of 
an examination that allows detection of a disease at a stage in which 
curative intervention may achieve the goal of reducing morbidity 
and mortality. Surveillance refers to the continuous monitoring 
of disease occurrence (using the screening examination) within a 
population to accomplish the same goals of screening.3 This review 
evaluates the process of screening and surveillance for hepatocellular 
carcinoma (HCC).

The following criteria,4 first promoted by the World Health 
Organization (WHO), have been developed to assess the benefits 
of screening for a specific disease: the disease in question should 
be an important health issue, and its significance may be defined 
by disease burden, including morbidity and mortality; there should 
be an identifiable target population; treatment of occult disease (ie, 
disease diagnosed prior to the appearance of symptoms) should 
offer advantages compared to the treatment of symptomatic dis-
ease; the screening examination should be affordable and provide 
benefits that justify its cost; the examination must be acceptable to 
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the target population and healthcare professionals; there 
must be standardized recall procedures; screening exami-
nations must achieve an acceptable level of accuracy in 
the population undergoing screening; and surveillance 
should reduce mortality from the disease. In this article, 
we evaluate the rationale for the surveillance of patients 
with HCC based on these criteria.

Disease Burden of Hepatocellular Carcinoma 
as an Important Health Issue
 
The incidence rate of HCC is the fifth highest among 
solid tumors worldwide as is the death rate.5 In the 2007 
annual report to the nation on the status of cancer, liver 
cancer had the thirteenth highest incidence rate among 
tumors in the United States and had the largest increase 
in incidence of all solid tumors from 1995 to 2004.5 The 
incidence of HCC has been rising in both Europe and the 
United States, largely due to the growing prevalence of 
hepatitis C cirrhosis.6-9 A molecular clock study indicated 
that the epidemic of hepatitis C virus (HCV) in the United 
States started in the 1960s and peaked in the late 1980s.10 
Due to the lag time between the onset of infection and the 
development of cirrhosis, the authors postulate that the 
incidence of HCV-related HCC will continue to increase 
over the next 20 years. HCC is the third most common 
cause of cancer-related deaths worldwide, resulting in 
over 500,000 deaths per year. In the United States, HCC 
is the eighth most common cause of cancer-related death 
at 8.5 deaths per 100,000 but has the largest increase in 
mortality of all solid tumors from 1995 to 2004.5 Despite 
advances in technology and the available treatments, the 
5-year survival rate in 1996 showed little improvement 
from the 5-year survival rate in 1985 (5% vs 4%).11,12

Identification of the Target Population

Cirrhosis has been recognized as the most important risk 
factor for the development of HCC.3 HCV and hepati-
tis B virus (HBV) are the major agents of etiology that 
lead to the development of HCC.13,14 HCV-associated 
cirrhosis is the causative agent largely responsible for 
the increase in incidence of HCC in the United States. 
However, HBV is the leading cause of HCC worldwide, 
particularly in Asia and Africa.15 Alcoholic cirrhosis is 
another well-established major etiologic risk factor for the 
development of HCC. Recently, an association between 
nonalcoholic liver disease and HCC was made,16 but 
there have been no cohort studies evaluating the natural 
history of nonalcoholic fatty liver disease. Other etiologies 
of chronic liver disease, such as hemochromatosis, pri-
mary biliary cirrhosis, autoimmune hepatitis, and alpha-1 
antitrypsin deficiency, are less common causes of chronic 

liver disease, with prevalence rates of 1–8% in patients 
with HCC.17-20 Furthermore, improvements in the sur-
vival of patients with cirrhosis due to better specialty care 
may further increase the number of individuals at risk for  
developing HCC.21 

The annual risk of developing HCC among patients 
with cirrhosis is between 2% and 7% and appears to be 
a cumulative risk.22 Among patients with cirrhosis, male 
gender, older age, alcohol and tobacco consumption, obe-
sity, and diabetes are factors associated with an increased 
risk of HCC.23-26 In patients with chronic HBV infection, 
a baseline HBV DNA level of greater than 100,000 cop-
ies/mL increases the risk of HCC 10-fold.27 This biologic 
gradient of HCC risk in relation to HBV DNA level 
suggests that persistent viral replication increases the risk 
of HCC. A prospective cohort study of patients with cir-
rhosis found that prothrombin activity less than 75% of 
baseline, age of more than 55 years, platelet count less 
than 75 mm3, and presence of HCV were independent 
risk factors for developing HCC.28 When the research-
ers stratified patients into a high-risk group (presence of 
these factors) and a low-risk group (absence of risk fac-
tors), the 5-year cumulative incidence of HCC was 30% 
for the high-risk group and 4% for the low-risk group 
(P<.0001). Further studies should be performed to deter-
mine whether stratification according to risk factors is 
beneficial for delineating a subgroup of high-risk patients 
at whom surveillance can be targeted.

Advantages of Treating Occult Hepatocellular 
Carcinoma 

The effectiveness of HCC treatment depends upon the 
disease stage at the time of diagnosis. The Barcelona 
Clinic Liver Cancer (BCLC) staging system has been rec-
ommended as the main determinant of prognosis and the 
treatment guide for patients with HCC.29 For early-stage 
tumors (BCLC stage A), surgical resection has provided 
5-year survival rates of 70% in carefully selected patients 
with preserved hepatic function, no evidence of portal 
hypertension, and single small asymptomatic tumors  
(<5 cm in maximal diameter).30 Liver transplantation is 
the preferred method of treatment for patients not ame-
nable to surgical resection but only for those restricted to 
the Milan criteria (single nodule <5 cm or <3 nodules each 
<3 cm in diameter).31 The 5-year survival rate reported for 
liver transplantation is 74%.30 Ablative treatments, specifi-
cally percutaneous ethanol injection and radiofrequency 
ablation, have demonstrated 5-year survival rates of 37% 
in BCLC stage A patients not amenable to resection or 
transplantation.30 It is estimated that approximately 30% 
of patients with HCC are currently diagnosed at early 
stages at which these therapies can be administered. Cura-
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tive therapies exist for patients with early-stage HCC, 
and an efficacious surveillance program is critical for the 
identification of HCC at early stages. 

Affordability and Benefits of  
Hepatocellular Carcinoma Screening 

The standard threshold for cost effectiveness has been 
determined to be a maximal of $50,000 per quality-
adjusted life year (QALY). Economic models studying the 
benefits of surveillance programs in HCC have been ana-
lyzed. Surveillance with biannual alpha-fetoprotein (AFP) 
and ultrasonography in Child-Pugh class A cirrhotics 
increases the mean life expectancy with cost effectiveness 
ratios between $26,000 and $55,000 per QALY.32 When 
a similar analysis was performed in HCV cirrhotics, the 
cost-utility ratio was $26,689 per QALY.33 Another study 
evaluating the cost effectiveness of biannual AFP and 
ultrasound in HCV Child-Pugh class A cirrhosis revealed 
a cost effectiveness ratio of $33,083 per QALY.34 There-
fore, screening with ultrasound and AFP has been dem-
onstrated to be cost effective in compensated cirrhotics.

Acceptance of the Target Population  
and Healthcare Professionals

Surveillance for HCC appears to be acceptable to patients 
with cirrhosis. Such data are indirectly derived from 
cohort studies showing that only approximately 3–18% 
of cirrhotic patients were noncompliant with ultrasound 
and AFP surveillance,3 which compares favorably with the 
67% noncompliance rate seen with colonoscopy surveil-
lance for colon cancer screening.4 

HCC surveillance also appears to be well accepted 
by physicians. In a national survey of 554 members  
of the American Association for the Study of Liver  
Diseases, 84% of respondents indicated that they rou-
tinely screen patients with cirrhosis for HCC using AFP 
and ultrasound.35

Standardization of Recall Procedures

A recent consensus conference offered guidelines on how 
to investigate abnormalities of the commonly used screen-
ing examinations AFP and ultrasound in patients with 
cirrhosis.29 Computed tomography (CT), magnetic reso-
nance imaging (MRI), and contrast-enhanced ultrasound 
are the major diagnostic modalities used to establish the 
diagnosis of HCC without the need for histopathologic 
examination. The main imaging characteristic for HCC is 
the finding of arterial enhancement of the lesion followed 
by washout of contrast in the delayed venous phases.36 If 
the screening ultrasound shows a nodule of less than 1 cm 

in maximal diameter, repeat ultrasound is recommended 
because of the low probability of having HCC. When 
the lesion is at least 1 cm on ultrasound or the AFP is 
more than 20 ng/mL, cross-sectional imaging techniques 
(CT or MRI) or contrast-enhanced ultrasound should 
be performed, given the high likelihood of HCC. The 
guidelines state that HCC can be accurately diagnosed by 
imaging if characteristic findings are seen on two modali-
ties for lesions less than 2 cm in diameter. However, if the 
imaging characteristics are atypical for HCC, liver biopsy 
is recommended in order to establish the diagnosis. For 
nodules of at least 2 cm in diameter, HCC can be accu-
rately diagnosed if the imaging characteristics are seen on 
one imaging test. A negative biopsy in these patients does 
not rule out HCC and sometimes may require repetition. 
Therefore, appropriate recall modalities do exist to evalu-
ate abnormal surveillance tests.

Achieving An Acceptable Level of 
Hepatocellular Carcinoma  
Screening Accuracy 

The ideal marker for HCC would be specific for HCC 
and undetectable in premalignant liver disease (ie, cirrho-
sis regardless of the etiology). In addition, such a marker 
would be easily measurable and reproducible, minimally 
invasive, and acceptable to patients and physicians.37 Both 
radiographic and serologic examinations are currently 
utilized for HCC surveillance. 

Ultrasound has been recommended as the primary 
radiologic screening examination for HCC.29 It is the 
least expensive, and it is noninvasive and widely available, 
which makes it an attractive screening examination. There 
have been no randomized controlled trials in patients with 
cirrhosis to date assessing the efficacy of ultrasound as a 
screening examination. The use of ultrasound has been 
evaluated primarily in cohort studies, as shown in Table 
1. The sensitivity for the detection of early-stage HCC 
ranges from 29% to 100%, whereas its specificity ranges 
from 94% to 100%. The high degree of operator depen-
dence, differences in the equipment, and body habitus 
significantly limit ultrasound from being the best surveil-
lance examination for HCC.

AFP has been the most widely utilized serologic 
examination for HCC screening. The operating charac-
teristics of AFP are dependent on the cutoff level chosen 
to support the diagnosis of HCC. At higher cutoff levels, 
the test is more specific for HCC but at a cost of decreased 
sensitivity; conversely, at lower cutoff levels, AFP becomes 
increasingly sensitive but with a higher rate of false-posi-
tives.38 A case-control study of 170 patients with HCC 
(approximately 60% of whom had advanced HCC) and 
170 matched patients without HCC demonstrated that 
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the optimal cutoff was 20 ng/mL via receiver operating 
curve analysis.39 Therefore, a level greater than 20 ng/mL 
has become the most commonly used cutoff in clinical 
practice to trigger a recall examination for the diagnosis 
of HCC, though various other cutoffs have been studied, 
as seen in Table 1. Even at the optimal cutoff level in this 
study, the sensitivity was only 60%, whereas the specific-
ity was 90.6%. A recent systematic review of five studies 
evaluating AFP in patients with HCV cirrhosis showed 
sensitivities ranging from 41% to 65% and specificity 
ranging from 80% to 94%.40 In addition, serum AFP val-
ues are frequently elevated among patients with chronic 
HCV with advanced hepatic fibrosis even in the absence 
of HCC, with levels declining after antiviral therapy.41 
AFP alone is not sufficient for the surveillance of HCC 
in patients with cirrhosis. In hepatitis B carriers, the com-

bination of ultrasound and AFP increased the sensitivity 
of HCC detection, when compared to either examination 
alone, from 71% with ultrasound alone to 79% when 
ultrasound and AFP were used together.42 Chronic eleva-
tions of AFP have also been shown to increase the risk 
of developing HCC among patients with cirrhosis43 and 
among hepatitis B carriers.44 Although better examina-
tions are needed to improve the detection of early-stage 
HCC, AFP offers benefits in the surveillance of patients 
with cirrhosis and leads to diagnosis in approximately half 
of patients with HCC as well as the determination of their 
risk of developing the tumor.

Other tumor markers have been studied for the 
detection of HCC. Des-gamma carboxy-prothrombin 
(DCP) is an abnormal prothrombin protein generated 
as a result of an acquired defect in the posttranslational 

Study Cutoff (ng/mL) No. of HCC cases Sensitivity, % Specificity, %

AFP

Peng YC, et al.57 20 205 65 88

Trevisani F, et al.39 16 170 60 90

Cedrone A, et al.58 100 74 25 95

Soresi M, et al.59 30 197 65 89

Lee HS, et al.60 200 54 53 79

Nguyen MH, et al.61 20 163 63 79

Pateron D, et al.62 15 14 50 87

Oka H, et al.63 20 55 39 76

Bolondi L, et al.64 20 61 41 82

Tong MJ, et al.65 11 31 86 89

Study Cohort No. of early HCC cases Sensitivity, % Specificity, %

Ultrasound

Cottone M, et al.66 Child-Pugh class A 5 80 100

Pateron D, et al.62 Child-Pugh class A–B 14 29 96

Bolondi L, et al.64 Child-Pugh class A–B 61 82 95

Kobayashi K, et al.67 Cirrhosis* 8 50 98

Sheu JC, et al.68 Cirrhosis* 7 100 100

Oka H, et al.69 Cirrhosis* 40 68 NA

Van Thiel DH, et al.70 Transplant waiting List 20 55 94

Table 1. Performance of Alpha-fetoprotein (AFP) and Ultrasound as Surveillance Examinations in Cohort Studies in Patients 
With Cirrhosis

Ultrasound data refer to early-stage hepatocellular carcinoma (HCC), whereas AFP data refer to all patients with HCC, as the performance for 
early-stage disease was not specified. 

*The population of cirrhosis was not further specified.
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carboxylation of the prothrombin precursor in malig-
nant hepatic cells.45 Several prospective cohort studies 
of patients with cirrhosis but without HCC have been 
performed to determine the performance of DCP.46-49 
The sensitivities for detecting HCC ranged from 23% to 
57% for DCP compared to 14% to 71% for AFP. In the 
largest study with DCP, 734 patients with cirrhosis were 
followed for a mean of 13 months (range, 7–17), during 
which HCC was detected in 29 patients. The sensitivity 
and specificity of DCP at baseline were 41% and 90%, 
respectively, and 40% and 62% for AFP, respectively. 
Overall, AFP and DCP had equal sensitivity, but DCP 
had better specificity. 

Several variants of AFP with differences in the sugar 
chain have been identified. The fucosylated variant has 
a high affinity of the sugar chain to lens culinaris. This 
variant, the lens culinaris-agglutinin reactive fraction of 
AFP (AFP-L3), has been shown to be more specific for 
HCC than total AFP.50 Prospective studies in patients 
with cirrhosis have shown sensitivities for AFP-L3 rang-
ing from 55% to 75% and specificities ranging from 
68% to 90%.51-54 However, two studies included only 
HCC patients with elevated total AFP at baseline, mak-
ing it impossible to compare the accuracy of AFP-L3 
with total AFP. Even though these two markers have 
potential, at this time there is no evidence of their 
efficacy in the surveillance of patients with cirrhosis or 
evidence that these markers are better than AFP and 
ultrasound in this capacity. More studies are needed to 
assess the performance of DCP and AFP-L3 to detect 
preclinical HCC. 

Reducing Mortality From Hepatocellular 
Carcinoma

The most reliable method of evaluating the efficacy of 
ultrasound and AFP for HCC surveillance would be con-
ducting a randomized controlled trial. There have been 
two large randomized controlled trials in China using 
ultrasound and AFP in patients with chronic HBV.55,56 
In both trials, surveillance was conducted every 6 months 
and compared to patients who did not receive any rou-
tine screening. The first study evaluated 17,920 carriers 
of HBV randomized to surveillance (n=8,109) or no 
surveillance (n=9,711) and then followed for an average 
of 14.4 months.55 Among the patients randomized to the 
surveillance group, 38 patients developed HCC, of whom 
29 (76.3%) were detected at early stages; in contrast, 18 
patients developed HCC in the nonsurveillance group 
and none of them were detected at an early stage (P<.01). 
A higher proportion of patients in the surveillance group 
met the criteria for surgical therapy, with 24 patients hav-
ing surgical resection in the surveillance group compared 

to 0 patients in the nonscreening group (P<.05). Accord-
ingly, the 1- and 2-year survival rates for the surveillance 
group were 88.1% and 77.5%, respectively, compared to 
a 0% survival rate at 1 year for the nonscreening group. 
The authors acknowledged that this study was limited 
by lead-time bias, though it would theoretically account 
for only a survival difference of 5.4 months. Given that 
over three fourths of the surveillance population survived 
for 2 years, whereas no patients survived longer than 1 
year in the nonscreening group, the authors concluded 
that surveillance would reduce HCC-associated mortality 
rates. The second randomized controlled trial evaluated 
19,200 hepatitis B carriers who were randomized to 
surveillance (n=9,757) or no surveillance (n=9,443).56 A 
total of 86 patients developed HCC in the surveillance 
group, of whom 45% were early stage, compared to 67 
patients who developed HCC in the nonsurveillance 
group, of whom none were early stage. The mortality 
rate of patients undergoing surveillance was significantly 
lower than the control group (83.2 vs 131.5 per 100,000; 
P<.01), with a hazard ratio of 0.63 (95% confidence 
interval, 0.41–0.98). These results demonstrate that the 
strategy of surveillance among patients with chronic HBV 
reduces overall mortality. However, it is unclear whether 
all the patients in these two studies had the same risk of 
developing HCC, given the low rate of HCC develop-
ment seen. These studies did not mention the number of 
patients who had cirrhosis or evidence of viral replication, 
and the studies most likely included patients who were 
asymptomatic carriers and are at a lower risk for develop-
ing HCC. Therefore, the results are not generalizable to 
the majority of patients at risk for developing HCC. 

Although randomized controlled trials have been 
performed in China in patients with chronic HBV, the 
results cannot be extrapolated to cirrhotic patients, who 
account for the majority of patients with HCC world-
wide. No randomized trials have been performed in a 
cirrhotic population, so most of the data on surveillance 
in patients with cirrhosis come from cohort studies. 
Some studies have shown that patients undergoing sur-
veillance with ultrasound and AFP have a better overall 
survival when compared to either historical controls or 
patients with HCC who did not undergo surveillance. 
Table 2 shows the details of these cohort studies, includ-
ing the number of HCC and early-stage HCC cases 
that developed during follow-up. The results of these 
studies are also fraught with lead-time and length-time 
biases that limit their generalizability of improvements 
in survival with surveillance. Therefore, the impact of 
surveillance on mortality in patients with cirrhosis has 
been assessed only in nonrandomized trials to date 
(ie, a level II recommendation consisting of cohort or 
uncontrolled studies).29 As shown in Table 2, there has 
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been a significant amount of heterogeneity among these 
studies pertaining to the sample size (ranging from 66 to 
1,599), population studied (Child-Pugh class A, Child-
Pugh class A or B, transplant candidates), the incidence 
of HCC (ranging from 3% to 28%), and the number of 
early-stage HCC cases detected (ranging from 24% to 
100%). Randomized or controlled trials are needed in 
this area. At the present time, ultrasound with AFP is the 
recommended strategy for the surveillance of patients 
with cirrhosis.

Conclusion

HCC meets all of the WHO criteria for establishing a 
surveillance program. First, it is a disease with increasing 

incidence in most areas of the world and has significant 
associated morbidity and mortality rates. Second, HCC is 
found primarily in an identifiable population, specifically 
those with underlying liver disease. Third, cost-effective 
diagnostic tools and treatments are available for those at 
the earlier stages of the disease. The current strategy of 
surveillance with AFP and ultrasound has been shown in 
two large randomized controlled trials to lead to a reduc-
tion in overall mortality in patients with chronic HBV. 
Although the effect of surveillance in patients with cir-
rhosis has not been evaluated by a randomized controlled 
trial in cirrhosis, several nonrandomized and uncontrolled 
cohort studies suggest that surveillance can lead to a por-
tion of patients being diagnosed at early stages of disease. 
Novel surveillance tests are needed to improve the detec-

Table 2. Cohort Studies Evaluating Ultrasound and Alpha-fetoprotein (AFP) for the Detection of Hepatocellular  
Carcinoma (HCC)

Study
No. of 

patients

Mean  
follow-up 
(months) Surveillance method

HCC 
detected,

n (%)

Early-stage 
HCC, 
n (%)

Cottone M, et al.66 147 24 AFP and ultrasound 5 (3) 4 (80)

Pateron D, et al.62 118 36 AFP, DCP, and ultrasound 14 (12) 5 (36)

Bolondi L, et al.64 313 56 AFP and ultrasound 57 (18) 53 (87)

Velazquez RF, et al.28 463 39 AFP and ultrasound 38 (8) 18 (47)

Sangiovanni A, et al.71 417 148 AFP and ultrasound 112 (27) 27 (24)

Santagostino E, et al.72 66 72 AFP and ultrasound 8 (12) 2 (25)

Henrion J, et al.73 94 34 AFP and ultrasound 6 (6) 5 (83)

Zoli M, et al.74 164 28 AFP and ultrasound 34 (21) 32 (94)

Tradati F, et al.75 40 48 AFP and ultrasound 6 (15) 2 (33)

Kobayashi K, et al.67 95 50 AFP, ultrasound, and CT 8 (8) 6 (75)

Sheu JC, et al.68 223 17 AFP and ultrasound 7 (3) 7 (100)

Oka H, et al.69 140 41 AFP and ultrasound 39 (28) 27 (82)

Van Thiel DH, et al.70 100 20 AFP, ultrasound, and triple-phase CT 14 (14) 13 (93)

Imberti D, et al.76 228 44 AFP and ultrasound 38 (17) 14 (37)

Colombo M, et al.77 417 33 AFP and ultrasound 26 (6) 9 (35)

Cottone M, et al.78 147 65 AFP and ultrasound 30 (20) 25 (83)

Oka H, et al.69 260 39 AFP and ultrasound 55 (21) 50 (91)

Degos F, et al.79 416 68 AFP and ultrasound 60 (14) 37 (62)

Bruno S, et al.80 163 68 AFP and ultrasound 22 (13) 16 (73)

Caturelli E, et al.81 1599 43 AFP and ultrasound 269 (17) 253 (94)

Tong MJ, et al.65 173 35 AFP and ultrasound 31 (18) 18 (58)

Iavarone M, et al.82 201 50 AFP and ultrasound 27 (13) 17 (63)

CT=computed tomography; DCP=des-gamma-carboxy prothrombin.
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tion of HCC at stages at which curative interventions can 
be applied.
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