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ABSTRACT

Hepatocellular carcinoma (HCC) is currently the fifth most common
tumor worldwide and is expected to continue to increase in incidence over
the next couple of decades. The majority of patients with HCC have cirrhosis
of the liver, with chronic hepatitis B and C as the major etiological agents.
Despite advances in technology, the prognosis of patients with HCC has
shown little improvement over time likely due to the fact that most patients
are diagnosed at advanced stages. HCC meets the criteria established by the
Word Health Organization for performing surveillance in those at risk for
developing this tumor, i.e., patients with cirrhosis of the liver. The objective
of surveillance is to use a relatively simple and inexpensive test in a large
number of individuals to determine if they are likely or unlikely to have
cancer, with an overall goal of reducing morbidity and mortality from the
cancer. Alpha-fetoprotein and liver ultrasound are the most widely utilized
surveillance tests but their performance is not optimal. There is an urgent
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need for new surveillance tests. In this chapter we will review the criteria
and the current and newer tests for the surveillance of HCC.

Key Words: Hepatocellular carcinoma; surveillance; screening;
biomarkers

1. INTRODUCTION

There have been little improvements in the overall survival of hepato-
cellular carcinoma (HCC) over the last decades primarily due to patients
being diagnosed at advanced stages. One of the most important aspects of
HCC is that it commonly occurs in patients with chronic liver disease, which
also complicates the treatment of these patients. However, this important fact
should be taken advantage in devising a strategy for the early detection of
this tumor. In this chapter we will review the criteria for the screening or
surveillance for HCC, the tests that are utilized, and new tests that may lead
to better outcomes.

2. SCREENING/SURVEILLANCE FOR HEPATOCELLULAR
CARCINOMA

The decision to screen an at-risk population for cancer is based on well-
established criteria (/). The objective of screening is the use of a rela-
tively simple and inexpensive test in a large number of individuals to deter-
mine whether they are likely or unlikely to have the cancer for which
they are being screened (2). Screening is the one-time application of a
test that allows detection of a disease at a stage where curative interven-
tion may achieve the goal of reducing morbidity and mortality. Surveil-
lance is the continuous monitoring of disease occurrence (using the screen-
ing test) within an at-risk population to accomplish the same goals of
screening.

Criteria have been developed, first promoted by the World Health Orga-
nization, to assess the benefits of screening for a specific disease (4): (a) the
disease in question should be an important health problem; its signifi-
cance may be defined by disease burden, including morbidity and mor-
tality. (b) There should be an identifiable target population. (c) Treatment
of occult disease (i.e., disease diagnosed before the symptoms appear)
should offer advantages compared with the treatment of symptomatic dis-
ease. (d) A screening test should be affordable and provide benefits justify-
ing its cost. (e) The test must be acceptable to the target population and to
health-care professionals. (f) There must be standardized recall procedures.
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(g) Screening tests must achieve an acceptable level of accuracy in the pop-
ulation undergoing screening. (h) Surveillance should reduce mortality from
the disease. We will evaluate the rationale for the surveillance of patients
with HCC based on these criteria.

2.1. The Disease in Question Should Be an Important Health
Problem; Its Significance May Be Defined by Disease Burden,
Including Morbidity and Mortality

HCC is the fifth most common tumor worldwide, with an incidence rate
that is similar to the death rate. In the 2007 annual report to the nation on the
status of cancer, liver cancer was the 13th most common tumor in the United
States and it had the largest increase in incidence of all solid tumors when
1995 and 2004 were compared (3). The incidence of HCC has been rising
in both Europe and the United States, largely due to the growing prevalence
of hepatitis C cirrhosis (4-7). A molecular clock study indicated that the
epidemic of hepatitis C (HCV) in the United States started in the 1960s and
peaked in the late 1980s (8). Because of 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 world-
wide 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 when
comparing 2004 to 1995 (3). Despite advances in technology and available
treatments, there have been little improvements overall due to the fact that
most patients are diagnosed at advanced stages (9, 10). Together with the
increasing incidence, it may lead to a significant health burden.

2.2. There Should Be an Identifiable Target Population

Cirrhosis has been recognized as the most important risk factor for the
development of HCC (71). Table 1 shows the incidence rates for those with
HCV, hepatitis B (HBV), and alcoholic-related cirrhosis (/2). This table
shows that HCV and HBV are the major etiological agents that lead to
the development of HCC while alcohol does increase the risk to a lesser
degree. HCV-associated cirrhosis is the causative agent that has been largely
responsible for the increase in incidence of HCC in the United States (13).
However, HBV is the leading cause of HCC worldwide, particularly in Asia
and Africa (/4). Recently, an association between non-alcoholic liver dis-
ease and HCC has been made (/5), but there are no prospective cohort
studies evaluating the natural history of non-alcoholic fatty liver disease.
Other etiologies of chronic liver disease such as hemochromatosis, primary
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Table 1
Overall Hepatocellular Carcinoma Incidence Rates According to Etiology of
Liver Disease

No. Follow-up HCC
Disease Location patients  (years) incidencex  95% CI
Hepatitis C ~ Europe/USA 1284 4.5 3.7 3.24.1
Japan 626 5.8 7.1 6.1-7.9
Hepatitis B Europe 401 5.8 2.2 1.6-2.8
Taiwan 278 4.3 32 1.9-4.5
Japan 306 5.8 4.3 34-5.2
Alcohol Europe 584 5 1.7 1.2-2.1
Japan 174 4.5 1.8 0.8-2.7

CI= confidence intervals. * Incidence per 100 person-years. Modified from Fattovich
etal. (12).

biliary cirrhosis, autoimmune hepatitis, and alpha-1 antitrypsin deficiency
are less common causes of chronic liver disease with prevalence rates in
patients with HCC between 1 and 8% (16—18). Furthermore, improvements
in the survival of patients with cirrhosis due to better specialty care may fur-
ther increase the number of individuals at risk for developing HCC (19). At
the present time, patients with cirrhosis, regardless of the etiology, should
undergo surveillance for HCC (20).

Even though the annual risk of developing HCC among patients with cir-
rhosis is between 2 and 7%, not every patient with cirrhosis will develop this
tumor. Male gender, older age, obesity, alcohol and tobacco consumption,
and diabetes are factors associated with an increased risk of HCC (27-25). In
patients with chronic HBV infection, a baseline HBV DNA level of greater
than 100,000 copies/mL increases the risk of HCC 10-fold (26). This bio-
logical gradient of HCC risk in relation to HBV DNA levels suggests that
persistent viral replication increases the risk of HCC. A prospective cohort
study of patients with cirrhosis found that prothrombin activity <75% of
baseline, age >55, platelet count <75 mm?>, and HCV were independent risk
factors for developing HCC (27). They stratified patients into a high-risk
group (presence of these factors) and into a low-risk group (absence of risk
factors), and the 5-year cumulative incidence of HCC was 30% for the high-
risk group and 4% for the low-risk group ( p < 0.0001). Further studies
should be performed to determine if stratification according to risk factors is
beneficial for delineating a sub-group of patients with cirrhosis that may be
at a higher risk of developing HCC in whom more aggressive surveillance
can be applied.
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2.3. Treatment of Occult Disease Should Offer Advantages
Compared with the Treatment of Symptomatic Disease

The effectiveness of the treatments for HCC will depend on the stage at
the time of diagnosis. For early-stage tumors, surgical resection has pro-
vided 5-year survival rates of 70% in carefully selected patients with pre-
served hepatic function, no evidence of portal hypertension, and single small
asymptomatic tumors (<5 cm in maximal diameter) (20). Liver transplanta-
tion is the preferred method of treatment for patients not amenable to surgi-
cal resection but for those restricted to the Milan criteria (single nodule <5
cm or <3 nodules each <3 cm in diameter) (28). The 5-year survival reported
for liver transplantation is >70% (29). Ablative treatments, specifically per-
cutaneous ethanol injection and radiofrequency ablation, have 5-year sur-
vival rates similar to hepatic resection (30). Therefore, therapies currently
exist for patients with early-stage HCC, and an efficacious surveillance pro-
gram is critical for the identification of HCC at these early stages.

2.4. A Screening Test Should Be Affordable and Provide
Benefits Justifying Its Cost

The standard threshold for cost-effectiveness of a medical test or proce-
dure 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 performed. Surveillance with biannual alpha-
fetoprotein (AFP) and ultrasonography in Child class A cirrhotics increase
the mean life expectancy with cost-effectiveness ratios between $26,000
and $55,000 per QALY (37). When a similar analysis was performed in
HCV cirrhotics, the cost-utility ratio was $26,689 per QALY (32). Another
study evaluating the cost-effectiveness of biannual AFP and ultrasound in
HCV Child class A cirrhosis showed a cost-effective ratio of $33,083 per
QALY (33). Therefore, screening with ultrasound and AFP has been shown
to be cost-effective in compensated cirrhotics even though the performance
of these tests is not the best.

2.5. The Test Must Be Acceptable to the Target Population
and to Health-Care Professionals

Surveillance for HCC seems to be acceptable to patients with cirrho-
sis. Such data come indirectly from cohort studies showing that only
about 3-18% of cirrhotic patients were noncompliant with surveillance
using ultrasound and AFP (/1), which compares favorably with the 67%
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noncompliance rate seen with using colonoscopy for colon cancer screening
(34). HCC surveillance also seems to be well accepted by physicians. In a
national survey of 554 members of the American Association for the Study
of Liver Disease, 84% of respondents indicated that they routinely screened
patients with cirrhosis for HCC using AFP and ultrasound (35).

2.6. There Must Be Standardized Recall Procedures

A recent consensus conference offered guidelines on how to investigate
abnormalities of the commonly used screening tests (AFP and ultrasound)
in patients with cirrhosis (20). CT scan, MRI, and contrast-enhanced ultra-
sound are the major diagnostic modalities used to establish the diagnosis
of HCC without the need for a histopathological 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). A
recent study has validated the American Association for the Study of Liver
Disease guidelines for the diagnostic evaluation of an abnormal surveillance
test (37). Therefore, appropriate recall modalities do exist to evaluate abnor-
mal surveillance tests.

2.7. Screening Tests Must Achieve an Acceptable
Level of Accuracy in the Population
Undergoing Screening

Ultrasound and AFP have been recommended as the primary radiologic
screening test for HCC (20). US is inexpensive, non-invasive, and widely
available, which makes it an attractive surveillance test. There have been no
randomized controlled trials in patients with cirrhosis to date assessing the
efficacy of US as a surveillance test. The performance of ultrasound has been
evaluated primarily in cohort studies as shown in Table 2 (38—46). The sen-
sitivity for the detection of early-stage HCC ranges from 25 to 100%, while
the specificity ranges from 82 to 100%. The high degree of operator depen-
dence, differences in the equipment, body habitus, and the lack of evidence
by randomized trials are significant limitations of US as a surveillance test
for HCC.

AFP has been the most widely utilized serologic test to screen for HCC.
The operating characteristics of AFP are dependent on the cutoff level cho-
sen to support the diagnosis of HCC. At higher cutoff levels, the test is
more specific for HCC but at a cost of decreased sensitivity; at low cut-
off levels conversely, AFP becomes increasingly sensitive but with a higher
rate of false positives (47). In a case—control study using 170 patients with
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Table 2
The Performance Characteristics of Ultrasonography in Cohort Studies
for the Detection of HCC
No. of total No. of early Sensitivity Specificity
Author Cohort HCC cases HCC cases (%) (%)
Cottone (38) Childs A 5 4 80 NA
Pateron (39)  Childs 14 5 21 82
A-B
Bolondi (40) Childs 61 50 75 95
A-B
Kobayashi Cirrhosis 8 6 50 98
(41)
Sheu (42) Cirrhosis 7 7 100 100
Oka (43) Cirrhosis 40 33 68 NA
Henrion (44) Cirrhosis 6 6 83 NA
Zoli (45) Cirrhosis 34 32 94 NA
Santagostino  Cirrhosis 8 2 25 NA
(46)

NA = not available.

HCC, about 60% of the patients had advanced HCC, and 170 matched
patients without HCC demonstrated that the optimal cutoff was 20 ng/mL
via receiver operating curve analysis (48). Therefore, a level greater than
20 ng/mL is the most commonly used cutoff in clinical practice to trigger a
recall test for the diagnosis of HCC. Even at the optimal cutoff level in this
study, the sensitivity was only 60% while the specificity was 90%. A recent
systematic review of five studies evaluating AFP in patients with hepatitis C
cirrhosis showed sensitivities ranging from 41 to 65% and specificity rang-
ing from 80 to 94% (49). In addition, serum AFP values are frequently ele-
vated among patients with chronic hepatitis C with advanced hepatic fibro-
sis even in the absence of HCC, with levels declining after antiviral therapy
(50). AFP alone is insufficient for the surveillance for HCC among patients
with cirrhosis. In hepatitis B carriers, the combination of ultrasound and
AFP increased the sensitivity of HCC detection when compared to either test
alone, increasing from 71% with ultrasound alone to 79% when ultrasound
and AFP were used together (51). Chronic elevations of AFP have also been
shown to increase the risk of developing HCC among patients with cirrhosis
(52) and in hepatitis B carriers (53). While better tests are needed to improve
the detection of early-stage HCC, AFP offers benefits in the surveillance of
patients with cirrhosis leading to diagnosis in about half of the patients with
HCC and determining their risk of developing this tumor.
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3. EFFICACY OF SURVEILLANCE

As previously indicated, the goal of a surveillance program is for the tests
to reduce overall mortality. The most reliable method to evaluate the effi-
cacy of ultrasound and AFP for HCC surveillance would be a randomized
controlled trial. There have been two large randomized controlled trials con-
ducted in China using ultrasound and AFP among patients with chronic hep-
atitis B (54, 55). In both trials, surveillance was conducted every 6 months
and compared to patients who did not receive any routine screening. The
first study evaluated 17,920 patients that are carriers of the hepatitis B virus
who were randomized to surveillance (n = 8,109) or no surveillance (n =
9,711) and then followed for an average of 14.4 months (54). Of the patients
randomized to the surveillance group, 38 patients developed HCC of whom
29 (76.3%) were detected at early stages, whereas 18 patients developed
HCC in the no-surveillance group, of whom none were detected at an early
stage (p < 0.01). A higher proportion of patients in the surveillance group
met criteria for surgical therapy, with 24 patients having surgical resection in
the surveillance group compared to zero patients in the no-screening group
(p <0.05). Accordingly, the 1-year and 2-year survival rates for the surveil-
lance group were 88.1 and 77.5%, respectively, compared to a 0% survival
rate at 1 year for the no-screening group. The authors concluded that surveil-
lance reduces HCC-associated mortality. The second randomized controlled
trial evaluated 19,200 hepatitis B carriers who were randomized to surveil-
lance (n = 9,757) and no surveillance (n = 9,443) (55). A total of 86 patients
developed HCC in the surveillance group, of which 45% were early stage,
compared to 67 patients with HCC in the no-surveillance group, of which
none were early stage. Table 3 summarizes the results. The mortality rate
of patients undergoing surveillance was significantly lower than the control
group (83.2 vs. 131.5 per 100,000, p < 0.01), with a hazard ratio of 0.63
(95% CI 0.41-0.98). These results demonstrate that the strategy of surveil-
lance with US and AFP among patients with chronic hepatitis B reduces
overall mortality. However, it is unclear if all the patients in these two stud-
ies had the same risk of developing HCC, given the low rate of development
of HCC seen. These studies did not mention the number of patients that had
cirrhosis or evidence of viral replication and most likely had patients that
were asymptomatic carriers, which are at a lower risk for developing HCC.
Therefore, the results are not generalizable to the majority of patients at risk
for developing HCC.

While randomized controlled trials have been performed in China using
patients with chronic hepatitis B, the results cannot be extrapolated to cir-
rhotic patients, who account for the majority of patients with HCC. 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 surveillance
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Table 3
Stage Distribution, Treatment, and Survival of Patients with
HCC in the Surveillance and Control Groups

Surveillance group Control group
(n=86) (n==67)

Stage?

I 52 (60%) 0(0%)

II 12 (14%) 25 (37%)

I 22 (26%) 42 (63%)
Treatment

Resection 40 (47%) 5 (7%)

TACE/PEIL 28 (32%) 28 (42%)

Symptomatic 18 (21%) 34 (51%)
Survival (%)°

1 year 65.9 31.2

3 years 52.6 7.2

5 years 46.4 0

Adapted from reference (55). # Chi square = 61.4, p <0.01. blog—rank =
35.5,p<0.01.

with ultrasound and AFP have a better overall survival when compared to
either historical controls or patients with HCC who did not undergo surveil-
lance. Table 4 shows the details of these cohort studies including the num-
ber of HCC and early-stage HCC that developed during follow-up (38—46,
56—67). The results of these studies are also fraught with lead-time and
length—time biases that limit their generalizability of improvements in sur-
vival with surveillance. Therefore, the impact of surveillance on mortality
in patients with cirrhosis has only been assessed in non-randomized trials to
date. As shown in Table 3, there has been a significant amount of hetero-
geneity among these studies pertaining to the sample size (ranging from 66
to 1,599), population studied (Child class A, Child class A or B, transplant
candidates), the incidence of HCC (ranging from 3 to 28%), and number of
early-stage HCC detected (ranging from 24 to 100%). Randomized or better
controlled trials are needed in this area.

4. NOVEL BIOMARKERS

The ideal marker for HCC would be specific for HCC and not be detected
in pre-malignant liver disease (i.e., cirrhosis regardless of the etiology).
It should be easily accessed, easily measurable, reproducible, minimally



336 J.A. Marrero

Table 4
Cohort Studies in Patients with Cirrhosis Evaluating Ultrasound and AFP
for the Detection of Hepatocellular Carcinoma

Mean HCC
No. of follow-up  Surveillance detected  Early-stage
Author patients (months) method n (%) HCCn (%)
Cottone (38) 147 24 AFP and 503) 4 (80)
ultrasound
Pateron (39) 118 36 AFP, DCP, and 14 (12) 5 (36)
ultrasound
Bolondi (40) 313 56 AFP and 57 (18) 53 (87)
ultrasound
Kobayashi 95 50 AFP, ultrasound, 8 (8) 6 (75)
(41) and CT
Sheu (42) 223 17 AFP and 7@3) 7 (100)
ultrasound
Oka (43) 140 41 AFP and 39 (28) 27 (82)
ultrasound
Henrion 94 34 AFP and 6 (6) 5 (83)
(44) ultrasound
Zoli (45) 164 28 AFP and 34 (21) 32 (94)
ultrasound
Santagostino 66 72 AFP and 8(12) 2 (25)
(46) ultrasound
Velazquez 463 39 AFP and 38 (8) 18 (47)
(56) ultrasound
Sangiovanni 417 148 AFP and 112 (27) 27 (24)
(57) ultrasound
Tradati (58) 40 48 AFP and 6 (15) 2 (33)
ultrasound
Van Thiel 100 AFP, ultrasound, 14 (14) 13 (93)
(59) and triple-phase
CT
Imberti (60) 228 44 AFP and 38 (17) 14 (37)
ultrasound
Colombo 417 33 AFP and 26 (6) 9 (35)
(61) ultrasound
Cottone (62) 147 65 AFP and 30 (20) 25 (83)
ultrasound
Degos (63) 416 68 AFP and 60 (14) 37 (62)
ultrasound

(Continued)
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Table 4
(Continued)
Mean HCC
No. of  follow-up Surveillance  detected  Early-stage
Author patients  (months) method n (%) HCC n (%)
Bruno (64) 163 68 AFP and 22 (13) 16 (73)
ultrasound
Caturelli 1599 43 AFP and 269 (17) 253 (94)
(65) ultrasound
Tong (66) 173 35 AFP and 31 (18) 18 (58)
ultrasound
Tavarone 201 50 AFP and 27 (13) 17 (63)
(67) ultrasound

AFP = alpha-fetoprotein; DCP = des-gamma carboxy-prothrombin; HCC = hepatocel-
lular carcinoma

invasive, accurate, and acceptable to patients and physicians (68). The
current tests do not meet these criteria and new ones are needed. The
recent developments of gene-expression microarrays, proteomics, and tumor
immunology permit thousands of genes and proteins to be screened simul-
taneously. With the growing application of these techniques, it is antici-
pated that there will be an explosion of new biomarkers for cancer screen-
ing including HCC in the next decade. To establish a formal framework to
guide the process of biomarker evaluation and development, a five-phase
program is utilized by the Early Detection Research Network (EDRN) of
the National Cancer Institute (Table 5) (69). These five phases help define
criteria to determine the current status of biomarkers in the published litera-
ture, to assess how close these biomarkers are to clinical application, and to
serve as a guide for future biomarker development. Table 6 shows promis-
ing biomarkers for HCC and level of evidence according to the phases of
biomarker development.

4.1. Des-Gamma Carboxy-Prothrombin (DCP)

DCP is an abnormal prothrombin protein that is generated as a result of
an acquired defect in the posttranslational carboxylation of the prothrombin
precursor in malignant hepatic cells (70). A single center case-controlled
study showed that DCP was more sensitive and specific than total AFP (71).
Several prospective cohort studies in patients with cirrhosis without HCC
have been performed to determine the performance of DCP (72-75). The
sensitivities for detecting HCC ranged from 23 to 57% compared to 14 to
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Table 5
Phases of Biomarker Validation in Cancer Surveillance Studies
Phases Type of study Aims
1 Preclinical exploratory Promising markers identified
Clinical assay and validation Assay detects established disease

3 Retrospective longitudinal Biomarker detects preclinical
disease

4 Prospective screening Confirm ability of marker to
detect early-stage disease

5 Cancer control Impact of screening on reducing
tumor burden in at-risk
population

71% for AFP. In the largest study on DCP, 734 patients with cirrhosis were
followed for a mean of 13 months (range 7-17 months) during which HCC
was detected in 29 patients. The sensitivity and specificity of DCP at base-
line was 41% and 90%, and 40% and 62% for AFP, respectively. Overall,
AFP and DCP had equal sensitivity but DCP had better specificity. Large
studies are underway to evaluate the role of DCP in the detection of early-
stage HCC.

4.2. Lens Culinaris Agglutinin Reactive Fraction of AFP
(AFP-L3)

Lens culinaris agglutinin is a plant-derived lectin that recognizes fucose
residues on N-glycosylated polypeptides (68). Several variants of AFP with
differences in lectin affinities have been identified. One variant, the fucosy-
lated variant, has a high affinity of the sugar chain to lens culinaris. This
variant has been shown to be more specific for HCC than total AFP (76).
Prospective studies in patients with cirrhosis have shown sensitivities for
AFP-L3 ranging from 55 to 75% and specificities from 68 to 90% (77-79).
However, two studies included only HCC patients with elevated total AFP at
baseline making it impossible to compare the accuracy of AFP-L3 with total
AFP. A prospective study evaluated the clinical utility of AFP-L3 in a North
American multicenter cohort (80). The authors evaluated 332 patients with
HCV cirrhosis and 34 developed HCC. The sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) for AFP (cut-
off > 20 ng/mL) were 61, 71, 34, and 88%, respectively, while for AFP-L3
(cutoff 10%) were 36, 91, 51, and 85%, respectively. The main utility of
AFP-L3% was that in someone with cirrhosis it increases the risk of devel-
oping HCC. At this time there is no evidence of AFP-L3’s efficacy in the
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Table 6

Promising Biomarkers for the Detection of Hepatocellular Carcinoma
According to the Phases of Biomarker Development

Biomarkers Biological material  Level of evidence
Glypican-3 Tissue Phase 1
Serum

Golgi protein 73 Serum Phase 1

p16 Methylation Serum Phase 1
Human hepatocyte growth factor Serum Phase 1
Des-gamma carboxy-prothrombin Serum Phases 1 and 2
AFP-L3 Serum Phases 1, 2, and 3
Ctokeratin-19 Serum Phase 1

90 K/MAC-2BP glycoprotein Serum Phase 1
Transforming growth factor-beta 1~ Serum Phase 1
Lipoprotein (a) Serum Phase 1
Erythrocyte-binding polyamine Serum Phase 1

Tissue polypeptide-specific antigen ~ Serum Phase 1
C-reactive protein Serum Phase 1
Squamous cell carcinoma antigen Serum Phases 1 and 2
Osteopontin Plasma Phase 1

p53 antibodies Serum Phase 1

CD24 gene Tissue Phase 1
Telomerase activity Tissue Phase 1
Prothymosin alpha Tissue Phase 1
Microsatellite DNA analysis Tissue Phase 1
HCC-associated gene 1 Tissue Phase 1
Hepatoma-specific Tissue Phase 1

gamma-glutamyltransferase

surveillance of patients with cirrhosis or that these are better than AFP and

ultrasound in this capacity.

4.3. Glypican-3

Glypican 3 is a member of the glypican family of cell-surface heparan
sulfate proteoglycans, recently found to be upregulated in early-stage HCC
compared to normal hepatic tissue (81). Evaluation of glypican-3 as a serum
marker for HCC has been reported (82). In this study, glypican-3 expression
in liver was detected using immunohistochemistry in 0/22 cirrhotics with-
out dysplasia or HCC, 1/5 cirrhotics with high-grade dysplasia, and 21/29
HCCs. For tumors <3 cm, glypican-3 expression was detected in 11/11
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and AFP in only 2/9. Using enzyme-linked immunoassay, glypican-3 was
detected in the serum from 18/34 (53%) patients with HCC and only 1/20
(5%) patients with cirrhosis (p = 0.0049). More recently, it was found that
glypican-3 expression was an independent histological marker for differenti-
ating early HCC from cirrhosis (83). Further studies are needed to determine
if the sensitivities can be improved in the serum in order for glypican-3 to
be utilized in the surveillance for HCC.

4.4. Golgi Protein (GP73)

GP73 is aresident Golgi protein that is upregulated in virus-infected hep-
atocytes (84). Using Western blot assay, GP73 has been detected in serum
with significantly higher levels among cirrhotics and patients with HCC than
in normal subjects and patients with chronic hepatitis. In a phase 2 study, a
total of 296 patients (152 cirrhosis controls and 144 HCC cases) were stud-
ied (85). Serum GP73 levels were significantly higher in patients with HCC
compared to those with cirrhosis (p < 0.001). GP73 had a sensitivity of 69%
and a specificity of 75% at the optimal cutoff point of 10 relative units,
with an area under the receiver operating curve of 0.79 vs. 0.61 for AFP
(p = 0.001). GP73 levels had significantly higher sensitivity (62%) than
AFP (25%) for diagnosing early HCC (p < 0.0001). Moreover, GP73 lev-
els were elevated in the serum of 57% (32/56) individuals with HCC who
had serum AFP levels less than 20 ng/mL. GP73 should be tested in a larger
sample set to determine the performance characteristics.

4.5. Glycoproteins

The fucome is the subset of polypeptides that contain the sugar fucose.
Fucosylated N-glycans derived from glycoproteins in the serum of patients
with HCC are greatly elevated compared to healthy individuals, and a recent
study showed more than 50 fucosylated serum proteins in the woodchuck
model of HCC and in human HCC (86). Fucosylated GP73 and hemopexin
are examples of cases in which the measurement of these glycoproteins had
sensitivities over 90% and was better than measuring the total amount. This
is an interesting area of research that may lead to a significant biomarker but
more validation studies are needed.

4.6. Human Hepatocyte Growth Factor (HHGF)

HHGEF is a growth factor that has mitogenic, anti-apoptotic, and anti-
fibrotic effects, and therefore, it is important in hepatocarcinogenesis. A
recent study evaluated 70 patients with HCV cirrhosis and 38 patients with
HCC in order to evaluate the role of HHGF in liver cancer (87). In patients
with HCC, however, HGF showed little localization in cancer cells, but was
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noted in infiltrating mesenchymal cells in both cancerous and noncancerous
regions, perhaps a measure of metastatic spread. Another study evaluated
HHGEF in 134 patients with HCV-related disease (62 had cirrhosis and 72
chronic hepatitis) who were followed for 4 years, 28 developing HCC (88).
Human HGF had a sensitivity and specificity of 100 and 63%, respectively,
at the time of HCC diagnosis. These results are preliminary and require fur-
ther study but the high sensitivity is promising for HHGF being a surveil-
lance test.

4.7. Insulin Growth Factor-1 (IGF-1)

Deregulation of the insulin-like growth factor (IGF) axis, including the
autocrine production of IGFs, IGF-binding proteins (IGFBPs), IGFBP pro-
teases, and the expression of the IGF receptors, has been identified in the
development of hepatocellular carcinoma (HCC). IGF-1 was measured in
114 patients with HCV-related cirrhosis followed for a mean of 56+12
months; AFP and ultrasound were monitored annually (89). HCC developed
in 20 patients. Among those in whom HCC developed, there was a mean
annual decrease of 16 pg/L in IGF-1 levels until the diagnosis of HCC. A
decrease in IGF-1 levels of 9.3 pwg/L had a sensitivity of 70% for diagnosis
of HCC. This is a well-done study that showed reductions in IGF-1 levels
prior to the diagnosis of HCC. This marker should undergo further study as
a HCC surveillance test.

4.8. Squamous Cellular Carcinoma Antigen (SCCA)

SSCA is a serine protease inhibitor physiologically present in the skin,
which has been detected in HCC tissue (90). SCCA is strongly expressed
in HCC than peritumoral tissue, and it also increases the AFP diagnostic
capability up to 90% (91). A total of 961 patients, diagnosed as LC (462)
and HCC (499), were enrolled to evaluate for the performance of SSCA
(92). The SCCA AUC was 0.656 (95% CI 0.625-0.686), and the cutoff value
was 3.8 ng/mL, showing 41.9% sensitivity and 82.6% specificity. SSCA was
complementary to AFP improving the sensitivity to 80%. A large study is
underway to investigate this marker in HCC.

4.9. Osteopontin (OPN)

OPN is a highly phosphorylated and glycosylated protein, the modifica-
tion after transcription is very important to its function. In hepatocellular
carcinoma (HCC), the elevated expression of OPN at mRNA levels and its
relationship with metastasis and poorer prognosis of the patients have been
reported. OPN in HBV-related HCC was studied recently (93). Thirty-nine
of 72 (54.17%) HBV-related HCC specimens were positive for OPN with
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cytoplasmic staining. OPN was highly expressed in the specimens with cap-
sular infiltration compared to those without (p < 0.05) and also was signifi-
cantly related with portal vein invasion (p < 0.01) and lymph node invasion
(p < 0.01). In another study of 62 HCC patients, 60 patients with chronic
liver diseases, and in 60 healthy controls, OPN was measured in the plasma
(94). Plasma OPN levels in the HCC patients (median 954 ng/mL, range
168-5,742) were significantly higher (p-value < 0.001) than those patients
with chronic liver diseases (381 ng/mL, 29-1,688) or of a healthy control
group (155 ng/mL, 10-766). Within the HCC patient group, plasma OPN
level increased significantly with advancing degree of Child—Pugh class and
of tumor stage. Diagnostic sensitivity and specificity of OPN for HCC was
87 and 82%, respectively (cutoff value: 617.6 ng/mL). OPN had a greater
area under curve value (0.898) than AFP (0.745) or DCP (0.578), suggesting
superior diagnostic accuracy of OPN. This marker has potential and should
be studied further in larger trials.

4.10. Proteomics

Proteomics studies the complete set of proteins expressed in a given cell,
tissue, or biofluid. Proteomics not only characterizes protein expression pro-
files but also identifies protein structures, localizations, activities, modifica-
tions, and interactions in physiological or pathological states. As proteins
perform most biological functions, proteomics bridges the gap between the
information coded in the genome sequence and the cellular behavior. Pro-
teomics studies of HCC may not only elucidate the mechanisms of HCC
initiation and progression but also have the potential to discover novel
diagnostic and prognostic biomarkers as well as therapeutic targets. There
are several techniques that can be applied to study the proteins and these
include two-dimensional polyacrylamide gel electrophoresis (2D-PAGE)
and surface-enhanced laser desorption/ionization (SELDI), which combines
purification of samples on a wide variety of affinity matrices and identifi-
cation by time-of-flight mass spectrometry (TOF-MS) (95). However, these
do not identify the proteins. Mass spectrometry is the current method of
choice for the identification of proteins, as this method offers high analytical
sensitivity and the capacity for high-throughput protein identification. Cur-
rent studies have shown various patterns that appear to differentiate HCC
from controls (96), but these studies are in their infancy and prospective
studies are required.

A recent study showed the potential of the proteomic approach. A total
of 10 HCC tissues from patients with HCV cirrhosis were analyzed by 2D-
PAGE (97). Forty-seven protein spots that showed reproducible variation
were identified by mass spectrometry, corresponding to 23 distinct genes.
A positive correlation between transcript and protein level variations was
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observed for only 7 out of the 23 genes. Proteolytic cleavage accounted
for the discrepancies between messenger RNA and protein level changes
for seven genes including calreticulin, protein disulfide isomerase (PDIA3),
among others. Calreticulin and PDIA3 cleavage products were detected in
sera of patients with HCC. A statistically high significant difference in cal-
reticulin and PDIA3 fragment serum levels between patients with HCC
and healthy individuals was observed. Amounts of calreticulin and PDIA3
fragments were also significantly different between patients with HCC and
at-risk patients (patients with cirrhosis). This showed that isoforms or cleav-
aged proteins may become markers for HCC.

More sensitive and specific biomarkers for HCC are urgently needed. As
we have discussed in this section, there are several biomarkers that appear
interesting and requires further testing because most of these have been
tested in phase 1 studies. It is unlikely that one biomarker will be sufficient
and more likely it will be a panel of markers. With modern advances in the
study of proteins, glycoproteins, and genes, it is likely that a panel of mark-
ers may soon be identified for the early detection of HCC. For now, AFP and
US are currently the best surveillance tests for HCC.
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