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Surveillance
There are established criteria that determine if a disease 
should undergo surveillance, and hepatocellular carcinoma 
(HCC) meets these criteria.6 The most important crite-
rion is that there should be an identifiable group of patients 
who are at the highest risk for developing HCC, as listed 
in Table  1. These include patients with cirrhosis, chronic 
hepatitis C (HCV), hepatitis B (HBV), alcoholic cirrhosis, 
non-alcoholic fatty liver disease, and other metabolic diseases of 
the liver. The most commonly used surveillance tests for HCC  
are the alpha-fetoprotein (AFP) and hepatic ultrasound (US). 
The studies on surveillance should be evaluated separately in 

those with chronic HBV (studies from Asian countries) and 
those with cirrhosis (studies from Western countries), given the  
differences in the prevailing heterotrophic viruses in these 
populations.

For patients with chronic HBV infection, the surveil-
lance strategy of AFP and ultrasonography (US) was evalu-
ated in two randomized trials. In both trials, surveillance was 
conducted every 6 months and compared to patients who did 
not receive any routine surveillance. The first study evaluated 
17,920 HBV carriers who were randomized to surveillance 
(n = 8,109) or no surveillance (n = 9,711) that followed for an 
average of 14.4 months.7 HCC was detected in 38 patients in 
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and subsequently, is the major risk factor for acquiring HCC in these regions.1,3 It is estimated that the incidence of HCC in Europe and United States 
will peak at 2020—there will be 78,000 new HCC cases in Europe and 27,000 in the United States—and decline thereafter.1 Indeed, in Japan, the 
incidence of HCC had already plateaued and started to slowly fall.4 Cirrhosis is the most important risk factor for HCC regardless of etiology and 
may be caused by chronic viral hepatitis (mainly HBV and HCV), alcoholic liver disease, autoimmune disease, Stage 4 primary biliary cirrhosis, and 
metabolic diseases such as hereditary hemochromatosis, alpha-1 antitrypsin deficiency, and non-alcoholic fatty liver disease. In the Western hemi-
sphere, HCC occurs in a background of cirrhosis in 90% of the cases.5 Before concentrating on diagnosis and therapeutics, it is important to discuss 
surveillance for this tumor.
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the surveillance group and 18  in the no surveillance group. 
In the surveillance group, 24 of the 29 patients who met crite-
ria for surgical therapy underwent resection with 2-year sur-
vival rates of 77.5%. However, in the no surveillance (control) 
group, none of the patients met criteria for surgical therapy at 
the time of diagnosis. Thus, none of them underwent resection 
and none of them survived after 1 year. The second random-
ized controlled trial evaluated 19,200 HBV carriers who were 
randomized to surveillance (n  =  9,757) and no surveillance 
(n = 9,443). 8 The mortality rate of patients undergoing surveil-
lance was significantly lower than in the control group (83.2 vs.  
131.5 per 100,000 (P  ,  0.01), with a hazard ratio of 0.63 
(95% confidence interval (CI), 0.41–0.98). These results dem-
onstrated that surveillance with AFP and US every 6 months 
among patients with chronic HBV infection reduced the over-
all mortality and thus should be the modality of choice.

For patients in Japan and Western countries, where 
HCV is the major risk factor in the development of cirrhosis, 
although there are no randomized trials for HCC surveil-
lance, a number of small prospective studies have been 
conducted. In a nested case–control study of the prospec-
tive Hepatitis C Antiviral Long-term Treatment Against 
Cirrhosis (HALT-C) trial, US detected 14 of 24 (60%) early 
stage HCC, doubling of AFP detected 5 (20%), and a com-
bination of other tests detected the remaining 5 (20%). This 
suggested a potential complementary role for US and AFP.9  
A meta-analysis pooled together prospective studies on 
patients with cirrhosis to determine the sensitivity of US 
to detect early stage HCC.10 The authors showed that US 
surveillance had a pooled sensitivity of 63% to detect early 
stage HCC, and meta-regression analysis demonstrated a 
significantly higher sensitivity for early HCC with US every 

6 months than with annual surveillance. However, it is impor-
tant to note that the authors showed a significant heterogene-
ity with these prospective studies and significant limitations 
such as verification bias, varying sample sizes and powers, and 
lack of reproducibility. When verification bias was evaluated, 
the overall sensitivity of US decreased to 33%. Our group also 
demonstrated that the effectiveness of US alone in clinical 
practice had a sensitivity of 32% for detecting early HCC.11 
Using AFP with US increased the sensitivity to 63.4%, which 
was significantly higher than that of US alone (P , 0.001), 
with minimal loss in specificity. Therefore, in cirrhosis, the 
combination of AFP and US is indeed the best current strat-
egy for the surveillance of patients with cirrhosis.

In addition to AFP, there are several tumor markers 
that are found elevated in patients with HCC and may aid in 
the diagnosis of HCC. In Japan, practice guidelines and the 
national health insurance provide coverage for the testing 
of tumor markers in conjunction with US for HCC surveil-
lance.12 AFP is heterogeneous and exists in three isoforms 
resulting from different oligosaccharide side chains and dif-
ferent affinities for lectins. One of the isoforms, AFP-L3 
fraction is elevated in HCC and improves the specificity 
of AFP.13 Likewise, descarboxyprothrombin (DCP), also 
known as Prothrombin Induced by Vitamin K Absence II 
(PIVKA-II) levels, is elevated in most patients with HCC.14 
DCP or PIVKA-II is an abnormal prothrombin that is a 
product of a defective post-translational carboxylation of the 
prothrombin precursor in malignant cells. Ongoing large 
studies will help determine whether these serum markers 
complement US.

Diagnosis
Imaging has a central role in the diagnosis of HCC. Multide-
tector CT (MDCT) scan or dynamic contrast-enhanced mag-
netic resonance imaging (MRI) should be obtained whenever 
there is an abnormal surveillance test. The hallmark radiologic 
feature of HCC on imaging is enhancement during the arterial 
phase and washout during the portal venous phase as shown 
in Figure 1.15 If a lesion in a cirrhotic patient does not have 
this feature, then biopsy of the lesion is recommended.16 The 
sensitivity of liver biopsy is between 70 and 90% depending 
on tumor size, location, and local experience.17 A prospective 
study reported a 60% positive result for the first liver biopsy 
on a tumor of size 2 cm or smaller.18 American and European 
guidelines recommended that expert pathologists should evalu-
ate biopsies of small lesions.16,19 Tissue that is not clearly HCC 
should be stained with all the available markers including 
CD34, CK7, glypican 3, HSP-70, and glutamine synthetase to 
improve diagnostic accuracy.16 The European Association for 
the Study of the Liver (EASL) further recommended staining 
for GPC3, LYVE1, and survivin, as well as detection of pro-
genitor cell features by K19 and EpCAM.19

The introduction of newer intravenous MRI contrast 
agents will improve the current MR technology’s sensitivity 

Table 1. High risk groups for HCC.

HBV carriers

Asian males . 40 years old

Asian females . 50 years old

Cirrhosis

Family history of HCC

Non-cirrhotic: depends on viral genotype, viral replication,  
inflammatory activity

Non-HBV cirrhosis

HCV

Alcohol

Hereditary hemochromatosis

Primary biliary cirrhosis

Not enough evidence for the following

Alpha-1 antitrypsin deficiency

Non-alcoholic fatty liver disease

Autoimmune hepatitis

Note: Adapted from Ref. 15.
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and specificity for small HCC. Hepatobiliary contrast agent 
gadoxetic acid, gadolinium–ethoxybezyl–diethylenetriamine 
pentaacetic acid (Gd–EOB–DTPA), has recently gained 
widespread use for the accurate detection and characteriza-
tion of focal liver lesions.20,21 It has been reported that the 
use of gadoxetic acid-enhanced MRI and DWI has a sensi-
tivity of 91–93% for small HCC (less than 2  cm in size).22  
A recent study evaluated patients with cirrhosis and liver 
nodules with hepatobiliary contrast MRI, multidetector CT, 
and liver biopsy of the nodules.23 The authors showed that there 
was no difference in between HCC detection using MRI and 
MDCT overall. However, when nodules smaller than 2 cm 
were evaluated, MRI was more sensitive and specific for small 
HCC than MDCT (P = 0.0001). Therefore, it appears from 
this study and others that MRI is slightly more sensitive in the 
detection of small HCC.

Treatment
Once the diagnosis of HCC is made, staging of the disease is 
crucial in selecting the best therapeutic approach, determin-
ing prognosis of the patient, and homogenizing outcomes for 
research studies. Out of all the multiple staging systems for 
HCC, it is only the Barcelona Clinic Liver Cancer (BCLC) 
staging system that incorporated tumor burden, liver function 
assessment, and performance status in the disease stage. The 
BCLC system is the most externally validated system for stag-
ing HCC.24 We will discuss the treatments recommended for 
each stage of the BCLC system.

Early Stage
Surgical resection is the treatment of choice for patients with 
good performance status, preserved liver function, and no 
clinically significant portal hypertension.25,26 A recent meta-
analysis for resection showed that the overall survival has been 
improving over the years with an expected 5-year survival of 
.60%.27 However, the downside to resection is that it suffers 
from a high recurrence rate exceeding 50% in 2 years.28 For 
patients do not meet the criteria for resection, liver transplan-
tation should be offered to patients with early HCC restricted 
to a solitary nodule ,5 cm or three nodules, each ,3 cm.29 

These criteria (called the Milan criteria) lead to an expected 
4-year overall survival of 85% and a recurrence-free survival of 
93%. However, liver transplantation is hampered by the lack of 
organ availability, and therefore it is a limited therapy. Percu-
taneous ablation by radiofrequency ablation (RFA) is the best 
alternative treatment for patients with early HCC who are not 
eligible for surgical resection but still have well-preserved liver 
function.16,30,31 In fact, a recent randomized trial showed that 
RFA and surgical resection have similar overall survival for 
patients with early HCC.32 Therefore, several choices do exist 
for the management of patients with early stage HCC.

Intermediate Stage
Patients in intermediate Stage B HCC with preserved liver 
function and good performance status have either large 
tumors or multifocal tumors. Treatment of these patients 
with unresectable HCC using transarterial chemoemboliza-
tion (TACE) had shown improved survival in randomized 
studies.33 A meta-analysis of these trials showed an improved 
2-year survival when TACE was compared to the best sup-
portive care for patients not suitable for resection, transplant, 
or RFA.34 TACE has only about 40% complete response rate, 
so there is a high degree of recurrence and progression in these 
patients. For some, TACE allows down staging of HCC so 
that patients can be eligible for transplant. It is commonly per-
formed in transplant centers.35

The introduction of embolic microspheres that have the 
ability to actively sequester chemotherapeutic drugs, such as 
doxorubicin, via drug-eluting beads and release them in a con-
trolled and sustained fashion has allowed reduction in the side 
effects of chemotherapy. This strategy has been shown to sub-
stantially diminish the amount of chemotherapy that reaches 
the systemic circulation compared to traditional regimens, 
thus significantly increasing the local concentration of the 
drug and the anti-tumoral efficacy.36 In a multicenter phase II 
randomized study of 201 patients, doxorubicin-eluting beads 
TACE resulted in a marked and statistically significant reduc-
tion in liver toxicity and drug-related adverse events compared 
with the conventional TACE.37 Importantly, patients ran-
domized to the doxorubicin-eluting beads TACE had higher 
rates of objective responses and disease control rates compared 
to conventional TACE. The added value of chemotherapeu-
tic agent over the bland embolic bead TACE has been evalu-
ated in a randomized control trial.38 The authors showed that 
the overall response and the delay in tumor progression were 
better in the doxorubicin-eluting bead arm compared to the 
bland embolization arm. At this time, drug-eluting beads may 
lead to better tumor control with a better adverse event profile 
than the conventional TACE.

Radioembolization is a process involving infusion of 
radioactive substances into the hepatic artery. The rationale 
behind this is that the conventional external-beam radiation 
therapy in HCC has been limited by low tolerance of the cir-
rhotic liver leading to hepatotoxicity or radiation-induced 

Figure 1. A liver mass in the arterial phase showing enhancement (left 
arrow) and washout (right arrow) in the portal venous phase.
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hepatitis.39 The most popular form of radioembolization is the 
use of  Yttrium-90 (Y-90), a β-emitting isotope. Y-90 radio
embolization is delivered in glass microspheres of 20–30 µm 
that are minimally embolic. Given the hypervascularity of 
HCC, intra-arterially injected microspheres will be preferen-
tially delivered to the tumor-bearing area and will selectively 
emit high-energy, low-penetration radiation to the tumor. 
The largest experience evaluated 291 patients with HCC in a 
single-center cohort study.40 Toxicities included fatigue (57%), 
pain (23%), and nausea/vomiting (20%), and 19% of the 
patients exhibited elevations of total bilirubin. Response rate 
was 42% based on the World Health Organization (WHO) 
criteria. The overall time to progression was 7.9 months (95% 
CI, 6–10.3). There is a need for randomized control studies 
comparing TACE to Y90 radioembolization.

Advanced Stage
Advanced stage includes patients with tumors that have vascu-
lar involvement and/or extrahepatic spread. Systemic therapy 
in advanced-stage HCC has not shown to improve survival 
and therefore is neither used nor recommended. This trend 
changed with the development of sorafenib. Sorafenib is an 
oral multikinase inhibitor with activity against Raf-1, B-Raf, 
VEGFR-2, PDGFR, and c-Kit receptors.41 The Sorafenib 
Hepatocellular Carcinoma Assessment Randomized Protocol 
(SHARP) trial is a multicenter phase III double-blind placebo-
controlled trial that randomized 602 patients with advanced 
HCC to either placebo or sorafenib (400  mg twice daily). 
The median overall survival was 10.7 months in the sorafenib 
group and 7.9 months in the placebo group (P , 0.001). The 
time to radiologic progression in the sorafenib arm was nearly 
twice to that of the placebo arm (5.5 months vs. 2.8 months, 
P , 0.001).42 This represented a 31% decrease in the risk of 
death. The magnitude of the effect of sorafenib in advanced 
HCC was confirmed in a randomized clinical trial in Asia.43

The most common side effects during sorafenib treatment 
are diarrhea, fatigue, weight loss, and hand–foot skin reac-
tion (HFSR) or palmar-plantar erythrodysesthesia syndrome. 
At present, there is no randomized clinical trial to guide the 
treatment of Child-Pugh B patients with advanced HCC. The 
pharmacokinetic profile of sorafenib is the same for Child-
Pugh A and B. The Global Investigation of Therapeutic Deci-
sions in Hepatocellular Carcinoma and of Its Treatment with 
SorafeNib (GIDEON) is a prospective non-interventional 
registry study of patients with unresectable HCC receiving 
sorafenib. The registry includes patients with Child-Pugh 
B/C. The aim of this study is to evaluate the safety and efficacy 
of sorafenib in different subgroups, especially Child-Pugh B, 
where data are limited. The results will be available soon.44

The role of sorafenib earlier in the disease course is yet 
to be defined. Two randomized studies investigated the out-
comes in patients who received sorafenib in conjunction with 
TACE for unresectable HCC. These studies did not show a 
clinically meaningful increase in survival.45,46 The possible role 

of sorafenib in adjuvant treatment to prevent HCC recurrence 
after curative treatment is under investigation. The Sorafenib 
as Adjuvant Treatment in the Prevention of Recurrence of 
Hepatocellular Carcinoma (STORM) trial is a phase III ran-
domized control trial studying sorafenib as adjuvant treatment 
for HCC after resection or ablation.47

Similar to sorafenib, molecular targets offer potential new 
therapies. Some of these are shown in Table 2. Sunitinib is 
another oral multikinase inhibitor for receptor tyrosine kinases, 
with activity against VEGFR-2, PDGRF a/b, c-KIT, FLT3, 
and RET kinases.48 A large phase III randomized study was 
negative when compared to sorafenib.49 Linifanib (ABT-869) 
and brivanib are two anti-angiogenic therapies that were stud-
ied as first-line treatments for advanced HCC. They did not 
improve survival compared to sorafenib.50 Final data are still 
to be reported (http://www.clinicaltrials.gov NCT01009593 
and NCT00858871). A phase II randomized trial compared 
doxorubicin vs. combination of doxorubicin and sorafenib in 
patients with advanced HCC. This trial showed that the com-
bination of doxorubicin and sorafenib did improve survival 
but with significant side effects.51 The significance of these 
results is further explored in a phase III NCI-sponsored trial 
of sorafenib and doxorubicin vs. sorafenib alone in advanced 
HCC (http://www.clinicaltrials.gov NCT01015833).

Another important area of research is the development 
of second-line agents for those who either do not tolerate or 

TABLE 2. Potential novel agents for patients with advanced HCC.

Agents Phase study Mechanism of  
action

First line

Sorafenib and erlotinib III Multi-kinase inhibitor  
and anti-angiogenic

Second line

Ramucirumab II–III Anti-angiogenic

Bevacizumab II Anti-angiogenic

Cediranib I–II Anti-angiogenic

Pazopanib

Lenvatinib

Lenalidomide

Axitinib

Gefitinib I–II EGFR inhibitor

Lapatinib

Cetuximab

Everolimus III mTOR inhibitor

Sirolimus I–II mTOR inhibitor

Temsirolimus

Tivatinib II Hepatocyte growth  
factor/c-MET inhibitorCabozantinib

Belinostat I–II Histone deacetylase  
inhibitor

STA-9090 I–II HSP-90 inhibitor
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show progression while on sorafenib. Tivantinib (ARQ197) is 
a selective oral inhibitor targeting the MET tyrosine kinase 
that has shown promise in HCC. Tivantinib’s activity is based 
on the dysregulated expression of c-MET, the tyrosine kinase 
receptor for hepatocyte growth, in HCC patients.52 In this 
phase II study, 71 patients were randomized in a 2:1 ratio to 
receive either 360 or 240  mg oral tivantinib twice daily or 
placebo. The results showed that the time to progression was 
longer for patients treated with tivantinib (1.6 vs. 1.4 months; 
P = 0.04). For patients with MET-high tumors, median time 
to progression was longer with tivantinib than that with pla-
cebo (2.7 months for 22 MET-high patients on tivantinib vs. 
1.4 months for 15 MET-high patients on placebo; HR 0.43; 
P = 0.03).53 A phase III randomized double-blind study with 
tivantinib vs. placebo is now enrolling patients with MET 
diagnostic-high unresectable HCC previously treated systemi-
cally (http://www.clinicaltrials.gov NCT01755767). Another 
second-line agent under development is cabozantinib (XL184), 
which is a dual c-MET/VEGFR-2 inhibitor. Phase II results 
presented in abstract showed early evidence of clinical activ-
ity in previously treated patients with HCC. Interim analy-
sis demonstrated progression-free survival of 4.2 months and 
median overall survival of 15.1 months.54 A phase III random-
ized controlled study of cabozantinib (XL184) in patients with 
HCC who had been previously treated with sorafenib has been 
registered (http://www.clinicaltrials.gov NCT01908426).

Ramucirumab (IMC-1121B) is a recombinant human 
monoclonal antibody against VEGFR-2. A phase II study 
evaluated ramucirumab as a first-line monotherapy in 42 
patients with advanced HCC. The results showed median 
progression-free survival of 4 months, time to progression of 
4.2 months, overall survival 12 months, and disease control 
rate of 70% (best overall response: 10% partial response, 60% 
stable disease).55 A phase III study comparing ramucirumab vs.  
placebo as second-line therapy in advanced HCC is active 
(http://www.clinicaltrials.gov NCT01140347).

The phosphoinositide 3-kinase/Akt/mammalian target 
of rapamycin pathway plays a critical role in the pathogenesis 
of HCC.56 Everolimus (RAD001) is an mTOR kinase inhibi-
tor that has recently been shown to be well tolerated and have 
activity against advanced HCC. In a phase I/II study of 28 
patients, the median progression-free survival was 3.8 months 
and the overall survival was 8.4 months. A phase III study 
EVOLVE-1 comparing everolimus vs. placebo on patients 
whose disease progressed while on sorafenib did not show 
survival benefits with everolimus.57

Summary
The burden of disease in HCC is global. Most HCCs are still 
diagnosed at late stages where treatment options are palliative. 
Identification of high-risk groups and implementation of a sur-
veillance program with a recall protocol for abnormal findings 
are key in early diagnosis. Advances in imaging technology 
have allowed for non-invasive diagnosis. Therapeutic options 

are available that are proven to improve the overall survival of 
patients at all stages, although patients at earlier stages can be 
treated with curative intents. A significant amount of research 
is being done to develop other agents and combinations that 
may help improve outcomes.
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