
is determined by several factors; tumour extension, 
alpha-fetoprotein (AFP) concentration, histologic 
subtype of the tumour, degree of liver dysfunction, 
and the patient’s performance status. HCC prognosis 
is strongly correlated with diagnostic delay. To date, 
no ideal screening modality has been developed. 
Analysis of recent studies showed that AFP assessment 
lacks adequate sensitivity and specificity for effective 
surveillance and diagnosis. Many tumour markers 
have been tested in clinical trials without progressing 
to routine use in clinical practice. Thus, surveillance is 
still based on ultrasound (US) examination every 6 mo. 
Imaging studies for diagnosis of HCC can fall into one 
of two main categories: routine non-invasive studies 
such as US, computed tomography (CT), and magnetic 
resonance imaging, and more specialized invasive 
techniques including CT during hepatic arteriography 
and CT arterial portography in addition to the conventional 
hepatic angiography. This article provides an overview 
and spotlight on the different diagnostic modalities and 
treatment options of HCC.

Key words: Diagnosis of hepatocellular carcinoma; 
Surgical resection; Hepatocellular carcinoma; Liver 
transplantation; Radiofrequency ablation; Microwave 
ablation; Percutaneous ethanol or acetic acid ablation; 
Radio-embolisation; Systemic chemotherapy; Trans-
arterial chemoembolisation

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This review aims to spotlight on the different 
diagnostic modalities, and treatment options of 
hepatocellular carcinoma (HCC). Despite lack of adequate 
sensitivity of ultrasound (US) examination and alpha-
fetoprotein, both are still considered the cornerstone for 
surveillance for HCC. So, a plethora of clinical studies 
searching for a more ideal tool are running. One of these 
tools is the microRNAs which can be considered as a 
promising diagnostic as well as prognostic tool for HCC. 
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Abstract
Hepatocellular carcinoma (HCC) is ranked as the 5th 
common type of cancer worldwide and is considered as 
the 3rd common reason for cancer-related deaths. HCC 
often occurs on top of a cirrhotic liver. The prognosis 
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This review discusses the diagnostic utility of computed 
tomography and magnetic resonance imaging, as 
well as the enhanced US efficacy in diagnosis of HCC. 
Management of HCC depends on the tumour stage, 
liver function reserve, and patient performance status, 
and requires a multidisciplinary approach for optimal 
treatment. Liver transplantation and hepatic resection 
are the only curative options in early stage of disease. In 
addition, radiofrequency ablation is equivalent to surgical 
resection in well-selected patients. Radioembolization 
with use of resin or glass sphere appear promising. 
Novel molecular therapies are also discussed. For 
patients with advanced disease, sorafenib is the only 
approved therapy, but novel targeted agents and their 
combinations are emerging.

Attwa MH, El-Etreby SA. Guide for diagnosis and treatment of 
hepatocellular carcinoma. World J Hepatol 2015; 7(12): 1632-1651  
Available from: URL: http://www.wjgnet.com/1948-5182/full/v7/
i12/1632.htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i12.1632

INTRODUCTION
Hepatocellular carcinoma (HCC) is the 5th common 
type of cancer all over the world; after lung, prostate, 
colorectal, and stomach cancers. It evolves at a fairly 
constant rate of 3% per year, and is often preceded 
by liver cirrhosis[1]. In Egypt, incidence of HCC has 
increased over the last decade from 4% to 7.2%[2,3]. 
This remarkable increase may be explained by an 
increase in risk factors, such as the hepatitis C virus 
(HCV) infection that emerges over the same period 
of time[4]. Additionally, Egypt has a high prevalence 
of HCV affecting approximately 12% of the general 
population[5,6]. Cirrhosis represents an entity of diffuse 
hepatic disease that results from exposure to chronic 
injury with subsequent regeneration of liver cells and 
formation of abnormal structural nodules surrounded by 
fibrosis. It occurs secondary to chronic viral hepatitis, 
metabolic liver diseases (e.g., hemochromatosis, α1-
antitrypsin deficiency, Wilson’s disease, non-alcoholic 
steatohepatitis), alcoholic liver disease, and autoimmune 
diseases (e.g., primary sclerosing cholangitis, primary 
biliary cirrhosis, and autoimmune hepatitis)[7]. The 
prognosis of HCC is strongly correlated with diagnostic 
delay. To date, no ideal screening modality has been 
developed. Recent studies revealed poor sensitivity 
and specificity of alpha-fetoprotein (AFP) for proper 
surveillance and diagnosis. Thus, the basis for surveill
ance is still an abdominal ultrasound (US) every 6 
mo despite inadequate sensitivity[8-10]. The barcelona-
clinic liver cancer (BCLC) system has been certified for 
use by both European (EASL) and American (AASLD) 
associations for the Study of Liver Diseases[9,10]. The 
best treatment modality for liver cirrhosis as well as 
HCC is orthotopic liver transplantation (OLT)[11]. Different 
treatment options are available, including both surgical 

modalities (resection and liver transplantation) and 
radiological techniques [radiofrequency ablation (RFA), 
microwave ablation, percutaneous ethanol (or acetic 
acid) ablation and transarterial chemoembolisation 
(TACE)] in addition to systemic chemotherapy and 
molecularly targeted therapies.

DIAGNOSIS OF HCC
A multidisciplinary approach includes clinical, radiological, 
and laboratory modalities with or without liver biopsy (in 
certain cases) to establish the diagnosis of HCC. 

CLINICAL PRESENTATION
In early stages, HCC usually runs a silent course 
making clinical diagnosis difficult. This may be due to 
the deep position of the liver underneath the lower 
ribs, making the liver difficult to feel; moreover, the 
tumour must reach a substantial size before it invades 
adjacent structures or organs. The liver has considerable 
functional reserves, so clinical manifestation as jaundice 
and other evidence of hepatic dysfunction do not appear 
until a large part of the organ has been replaced by 
tumour. Additionally, no pathognomonic symptoms or 
signs are attributable to HCC; tumours generally spread 
to distant sites late in the disease. As a result, the clinical 
picture is extremely variable and the patient may be 
completely asymptomatic with no physical signs other 
than of cirrhosis. Alternatively, the presentation may be 
florid, indicative that liver failure has occurred[12]. These 
complications are frequently associated with the tumour 
spread into the portal or hepatic veins or through 
arteriovenous shunt induced by the tumour[13].

Few patients may have weight loss, sense of poor 
appetite or early fullness of the stomach, or a visible 
mass in the upper abdominal part. These symptoms 
often signify the presence of an advanced hepatic 
lesion[13]. 

Pain
Pain is a common feature, which is dull aching in 
nature, of mild to moderate severity, continuous, felt 
as a non-specific, located in the epigastrium, and right 
upper quadrant or back. Rarely, pain of severe degree 
occurs and is due to perihepatitis or infiltration of the 
diaphragm. Acute abdomen may occur as a result of 
sudden intra-peritoneal bleeding when the tumour 
ruptures. The most important determinant of this 
complication is the superficial location of the tumour in 
the liver. Rupture of the tumour is either spontaneous, or 
follow mild blunt abdominal trauma[14]. This complication 
is associated with a severe drop in haematocrit and 
hypotension and diagnosis is made by peritoneal lavage 
and laparotomy. A liver mass and free intraperitoneal 
blood are typically seen on computed tomography (CT) 
scan[15]. This complication is a life-threatening, and 
control of bleeding is a goal. It may require emergent 
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angiography and embolization of the bleeding vessel or 
even surgery[16]. Delayed resection may be considered, 
although there is a high risk of peritoneal dissemination.

Other unusual clinical presentations include: (1)
Obstructive jaundice owing to intrahepatic duct com
pression, infiltration of biliary tract or rarely, as a result 
of hemobilia. It occurs in less than 10% of patients 
from a high incidence population[17]; (2) Diarrhoea; 
(3) Bone aches or dyspnoea due to metastases; (4) 
Fever might develop in association with central tumour 
necrosis[18]; (5) Pyogenic liver abscess (very rare)[19]; 
(6) Paraneoplastic syndromes: Occasionally, patients 
with HCC presented by a paraneoplastic syndrome 
that can manifest as hypoglycaemia, thrombocytosis, 
erythrocytosis, hypercalcemia, or diarrhoea of watery 
nature. The presence of any of these manifestations, 
other than erythrocytosis, is generally associated with 
a poor prognosis[20]; (7) Hypoglycaemia: In advanced 
HCC, hypoglycaemia usually occurs as a reflection of 
increased metabolic demands of the tumour. Typically, 
the hypoglycaemia is mild degree and present without 
symptoms; however, severe reductions in the levels 
of plasma glucose can happen, resulting in state of 
lethargy and confusion. The types of hypoglycaemia 
have been described in HCC are two: Type A: hypogly
caemia that occurs in the late stages of the disease, the 
severity is a mild to moderate degree and associated 
with a poorly differentiated tumour; and Type B (less 
common): hypoglycaemia of severe degree that occurs 
in the early stages of the HCC and is associated with a 
well-differentiated slow growing tumour. The possible 
explanations of hypoglycaemia that occurs in HCC 
include high secretion of insulin-like growth factor Ⅱ 
by the tumour tissue (< 5% of patients) and impaired 
gluconeogenesis due to liver decompensation (glucose 
underproduction)[21-27]; (8) Erythrocytosis: In HCC, 
tumour secretion of erythropoietin raises in up to 23% 
of patients, this is probably the cause of erythrocytosis. 
However, elevations in packed cell volume or haemo
globin concentration are uncommon. Indeed, at the 
time of diagnosis most patients are anaemic, because 
of other effects of the tumour[28,29]; (9) Thrombocytosis: 
Underestimation of thrombocytosis might represent a 
difficult issue in HCC cases owing to the fact that most 
patients already have low platelet count caused by the 
underlying liver cirrhosis. Mean serum thrombopoietin 
level is significantly increased in HCC patients with 
thrombocytosis rather than those with normal or low 
platelet count. In addition, interventions like hepatic 
resection or TACE in HCC patients with thrombocytosis 
result in drop of both serum thrombopoietin level 
and platelet count which rise again in case of tumour 
recurrence[30,31]; (10) Hypercalcaemia: HCC cases might 
present with hypercalcaemia due to associated osteolytic 
metastases or secretion of parathyroid hormone-related 
protein[32,33]; (11) Watery diarrhoea: In one study, 
diarrhoea was statistically significantly more frequent 
among cirrhotic patients with HCC when compared to 
those without HCC (48% vs 9%, P < 0.05)[18]. It might 

be intractable and severe, leading to achlorhydria and 
hypokalaemia[34]. The actual mechanism of watery 
diarrhoea in HCC is not clearly understood. An increase 
in intestinal production of different peptides including 
vasoactive intestinal polypeptide, prostaglandin-like 
immunoreactivity peptides and gastrin might be a 
plausible explanation[34]; (12) Hyperthyroidism: may 
be due to increased thyroid-stimulating hormone pro
duction[35]; (13) Gynaecomastia: is painful and associated 
with increased level of oestrogen[36]; and (14) Systemic 
arterial hypertension in few patients with HCC[37].

Budd-Chiari syndrome
Budd-Chiari syndrome (BCS) is found in less than 1% 
of all HCC patients. Clinical features that occur in HCC 
patients complicated by BCS are diverse. These range 
from complete absence of symptoms and signs to a 
variable degree of abdominal or chest pain, dyspnoea, 
and even variceal haemorrhage. BCS diagnosis can 
be exclusively done by using imaging techniques only 
without the need to do percutaneous liver biopsy.

The diagnostic accuracy (sensitivity and specificity) 
of Doppler ultrasonography for the diagnosis of BCS is 
considered to be high ranging from 85% to 90%[38]. 
Bargalló et al[39] classified the ultrasonographic features 
of BCS into three categories: (1) Specific: Obstructed 
hepatic vein; (2) Suggestive: Collaterals between 
intrahepatic, portal or caval veins and caudate vein diame
ter more than 3 mm; and (3) Nonspecific: Hypertrophied 
caudate lobe, portal vein thrombosis, extrahepatic 
collaterals, regenerating nodules, non-homogeneous liver 
parenchyma, and ascites.

The most frequent US signs of BCS are altered 
hepatic (71.1%) and/or caval (28.9%) veins. Com
bination of these two signs together with caudate lobe 
hypertrophy has the highest positive predictive value 
(PPV) of 97.8% for the diagnosis of BCS[38].

CT scan allows for more comprehensive assessment 
of the patency of both hepatic and caval veins. It also 
allows for more accurate measurement of the degree 
of hypertrophy of caudate lobe. Magnetic resonance 
imaging (MRI) helps in the differentiation of chronic BCS 
from acute form as well as further delineation of vascular 
anatomy[39,40].

Cutaneous features 
Numerous cutaneous manifestations have been reported 
in association with HCC; however, none of them are 
clue for the diagnosis of HCC[41]. These comprise; 
dermatomyositis, pemphigus foliaceus, pityriasis rotunda, 
Leser-Trélat sign, and porphyria cutanea tarda[42,43].

The physical findings in most patients with HCC are 
manifestations of decompensated cirrhosis[44]. Rarely, 
bruits over the liver are heard.

Laboratory examination is often nonspecific. The 
majority of HCCs patients have underlying hepatic 
disease, and subsequent cirrhosis, so hyperbilirubi
naemia, hypoalbuminemia, and hypoprothrombinaemia 
are frequently encountered. Patients are often mildly 
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of HCC[48-51]. One systematic review concluded that 
the specificity was 97% (95%CI: 95%-98%) and 
sensitivity was 60% (95%CI: 44%-76%) compared 
with pathologic assessment of resected or explanted 
liver as a standard reference[52,53]. In a large prospective 
study enrolling non-cirrhotic hepatitis B carriers, the 
specificity, sensitivity, and PPV of US were 93%, 71%, 
and 15%, respectively[49]. The sensitivity increased up 
to 79%, when combined with AFP assessment. In other 
studies, sensitivity values have ranged from 78%[50] to 
much lower values of 40% to 50%, mostly when the 
diagnosis is established by examination of the resected 
liver after transplantation or autopsy specimens[54].

Abdominal US allows the recognition of tumours as 
small as 1 cm in size. Furthermore, the identification 
of metastases by US in a normal liver is much easier 
than the recognition of small HCC in a cirrhotic liver[46]. 
In advanced tumour stage, the patency of vascular 
structures and the existence of adenopathies at the hilum 
can be assessed by US[55]. In addition, small tumour 
nodules can be detected by intraoperative US during 
hepatic resection.

US offers many signs that raise the suspicion of 
malignant transformation, including the presence of 
intrahepatic venous thrombosis[38] (Figure 2), a mass 
protruding from the hepatic surface or dilated intrahepatic 
bile duct, even in the absence of a definite liver mass[56].

Colour Doppler US
When combining Doppler with US in patients with HCC, 
the detection rate of malignant portal vein thrombosis 
can be increased. Thus, the diagnostic accuracy can 
be improved, to achieve a sensitivity of 92% and a 
specificity of nearly 100%[47] (Figure 3). Portal thrombosis 
is ruled out, when US-Doppler shows no obstruction and 
evidence of normal permeability of the portal venous 
system[55].

Contrast-enhanced US
Ultrasonographic visualization and characterization 
of hepatic tumor vascularity can be improved by 
using contrast-enhanced US (CEUS) that utilizes on-

anaemic and may have thrombocytopenia. They may 
have electrolyte disturbances (e.g., hyponatraemia, 
hypokalaemia, metabolic alkalosis) that are associated 
with defective water handling. Liver enzymes as serum 
aminotransferases, alkaline phosphatase, and gamma 
glutamyl transpeptidase are often abnormal with non
specific patterns[45].

RADIOLOGICAL DIAGNOSIS
Imaging studies for diagnosis of HCC can fall into one 
of two main categories: routine non-invasive studies 
such as US, CT, and MRI, and more specialized invasive 
techniques including CT during hepatic arteriography, 
iodised oil-CT, and CT arterial portography in addition 
to the conventional hepatic angiography[46]. Diagnostic 
accuracy assessed by the sensitivity and specificity of 
these different radiological modalities in HCC detection 
was shown in Table 1.

US
To date, the surveillance for hepatic focal lesions in high 
risk patients is based on US. Different appearances in 
US may be present; either hypoechoic, hyperechoic 
or target lesions. Unfortunately, all of these signs are 
non-specific. Suspicion for HCC is raised when any 
lesion is recognized in US, particularly if it is more 
than 1 cm in size in the background of liver cirrhosis[47] 
(Figure 1). Several studies assessed the diagnostic 
accuracy of US as a screening tool for early detection 

Table 1  Sensitivity and specificity of different radiological 
modalities in hepatocellular carcinoma

Sensitivity (%) Specificity (%)

US 60   97
Colour Doppler US 92 100
MPCT 68   93
MRI 81   85
Angiography      82-93   73

MPCT: Multiphasic helical computed tomography; MRI: Magnetic resonance 
imaging; US: Ultrasound.

Figure 1  Abdominal ultrasound of the liver. A: Transverse sonogram shows a small, 3 cm, hypoechoic mass in the right lobe of the liver; B: Transverse sonogram 
shows a heterogeneous large mass in the right lobe of the liver[47].
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linear imaging modes[57]. CEUS can provide useful 
data about the characteristics of hepatic lesions that 
are not recognized with conventional US. CEUS has 
comparable diagnostic performance of CT and MRI in the 
characterization of hepatic focal lesions that are identified 
during US screening in patients with chronic liver disease 
or with a past history of prior malignancy[58]. CEUS is well 
tolerated, safe and may be the best choice when the CT 
or MRI are contraindicated[59]. However, a meta-analysis 
of 18 studies was unable to determine whether CEUS 
was adequate to exclude HCC lesions of size less than 30 
mm[60].

Endoscopic US 
Endoscopic US can establish a diagnosis of HCC especially 
if combined with fine needle aspiration (FNA) and has 
the probability to enhance the diagnostic accuracy of 
staging of HCC compared with CT and MRI[61]. The role of 
endoscopic US (EUS) in the assessment of patients with 
suspected HCC is still being investigated. Early experience 
in assessment of EUS-FNA diagnostic accuracy in 
detection of focal liver lesions, suggests that EUS-FNA is 
comparable to the results of CT-FNA. However, EUS-FNA 
is limited anatomically to only a portion of the hepatic 
parenchyma including the left hepatic lobe, hilum and 
proximal biliary tree. Meanwhile, extrahepatic biliary 
tree, gallbladder, and perihilar lymph nodes are all readily 
accessible[62].

Abdominal CT multiphase perfusion CT  
Currently, multiphase perfusion CT is the technique 
of choice for diagnosis of HCC with an excellent 
performance in the early detection of hepatic focal lesions 
and staging. It comprises four subsequent phases; 
namely pre-contrast, hepatic arterial, portal venous and 
finally the delayed phases. This technique utilizes a single 
detector spiral scanner of a high-speed and images are 
taken out after injection of the contrast at a delay of 
25, 70 and 300 s that correspond to the three phases 
of arterial, portal venous, and equilibrium, respectively. 
From the anatomical view, hepatic artery supplies the 
principal blood flow to the tumour tissues, owing to their 

hypervascular appearance throughout the hepatic arterial 
phase. Conversely, throughout the delayed phase due to 
early washout of contrast, HCCs appear hypodense. It 
was observed that images of delayed phase could assist 
in confirming the diagnosis of HCC in 14% of patients[56]. 
The gold standard imaging modality for evaluating 
the response after loco-regional intervention of HCC is 
Spiral CT[63]. In some centers, CT scan is also used as a 
principal screening modality for HCC in cirrhotic patients. 
Numerous studies have assessed test characteristics of 
CT for diagnosis of HCC. A systematic review estimated 
that the specificity was 93% (95%CI: 89%-96%) and 
the sensitivity was 68% (95%CI: 55%-80%) compared 
with pathologic tissue examination of an explanted or 
resected liver as the reference standard[52].

Multi-detector helical CT 
Multi-detector helical CT (MDCT) has permitted us 
to collect early arterial phase images (18-28 s post 
contrast injection) as well as late (early parenchymal) 
arterial phase images (35-45 s post contrast injection). 
Although the lesions are demonstrated better in the 
“late” rather than the “early” arterial phase, the latter 
clarifies more optimally the vessels in patients who are 
considered for surgical resection[64]. The capability and 
sensitivity of MDCT in the identification of HCC lesions 
within the cirrhotic parenchyma of the liver is very high. 
This can be attributed to its elasticity and rapid speed of 
the device which lead to gaining images of high quality 
by using both thin sections and 3-D capabilities[65]. In 
the equilibrium phase (3-5 min after injection), the 
appearance of vascular tumors is hypodense relative to 
the surrounding liver tissue. In addition, focal hepatic 
lesions that measure less than 2 cm can be accurately 
identified in this phase due to washout of contrast 
rapidly from the tumor tissue than from the normal 
parenchyma of the liver[66,67] (Figure 4). It was observed 
that MDCT scan is valuable in early diagnosis of HCC 
and in monitoring the successful treatment of HCC 
lesions particularly the small ones. This is the most 
important issue especially during follow-up of patients 
with chronic viral hepatitis and/or cirrhosis[46]. Non-
contrast CT scan has very low sensitivity for detecting 
small HCCs. If contrast cannot be given safely, US or 
MRI is the preferred diagnostic modality[62].

MRI
The advantage of MRI over CT is obtaining images of the 
liver of high-resolution without using ionizing radiation 
or nephrotoxic contrast agents. MRI has an equivalent 
diagnostic accuracy as helical CT in the early detection 
and diagnosis of HCC[68,69]. On T2-weighted MRI images, 
HCC gives a high intensity pattern, while on T1-weighted 
MRI images it gives a low intensity pattern[70] (Figure 5). 
MRI is superior to both US and CT in differentiating the 
nature of regenerative nodules from HCC nodules in the 
patient with cirrhosis[71]. A systematic review described 
that the sensitivity was 81% (95%CI: 70%-91%) and 
specificity was 85% (95%CI: 77%-93%) compared 

Figure 2  Doppler abdominal ultrasound shows the disappearance of Doppler 
flow in the intrahepatic segment of the inferior vena cava (arrowhead) and 
the right hepatic vein[38].
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with pathologic tissue assessment of an explanted or 
resected liver tissue as the reference standard[52]. The 
sensitivity may be higher when used in conjunction 
with US. In one series of patients with known HCC, 
the combination of MRI and US detected 85 out of 87 
HCCs[72]. The sensitivity also appears to be augmented 
when gadoxetic acid-enhanced and diffusion-weighted 
imaging are combined[73,74]. In a study of 130 patients 
with small (≤ 2.0 cm) HCCs and 130 cirrhotic patients 
without HCC[73], the sensitivity of the combined approach 
was 91% to 93%, compared with 81% to 82% for 
gadoxetic acid-enhanced imaging and 78% to 80% for 
diffusion-weighted imaging alone. The specificity did not 
differ among the groups. In patients with advanced renal 
failure, gadolinium used for MRI can cause nephrogenic 
systemic fibrosis/nephrogenic fibrosing dermopathy, and 

thus alternatives should be used. As a novel technique, 
MRI angiography during a single breath-hold, allows for 
the achievement of a three-dimensional data set. This 
will include the 3 subsequent phases; arterial phase, 
portal venous phase and late venous phase[75]. In one 
series, comparing this procedure to triphasic CT found 
that it had higher sensitivity (76% vs 61%) for detection 
of HCC nodules ≥ 10 mm. Indeed, helical CT scanning 
is still the preferred technique used by most radiologists, 
because of both the high cost of MRI and the extended 
duration necessitated to achieve standard MRI images 
with good quality. MRI may be important in patients 
presented with renal impairment or those who had a 
hypersensitivity to CT contrast agents. MRI may also be 
valuable in cases in which CT results are unclear; this is 
predominantly true when the liver is severely nodular, 

Figure 3  Colour Doppler ultrasound of the liver. A: Transverse sonogram shows portal vein thrombus; B: Transverse colour Doppler sonogram of the right upper 
quadrant shows heterogeneous flow within the tumour thrombus[47].
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Figure 4  Multi-detector computed tomography of hepatocellular carcinoma. A: Pre-contrast; B: Late arterial phase; C: Portal venous phase; D: Equilibrium 
phase dynamic multi-detector computed tomography images. The hepatocellular carcinoma (arrowheads) is visualised as an enhanced nodule in the late arterial 
phase and as a hypo-attenuated nodule in the equilibrium phase; E: Three-dimensional computed tomography angiography of hepatic arteries shows that the right 
hepatic artery branches (arrow in E) from the superior mesenteric artery; F: The portal venous system with creation of varices (arrow)[66].
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because MRI can distinguish HCC focal lesions from 
dysplastic nodules[71-76]. MRI has higher performance 
compared to CT scanning in the characterization of focal 
fat lesion from HCC and vascular lesions (such as a 
haemangioma).

Angiography
Owing to the hypervascular characteristic of HCC, the 
tumor frequently has dilated, distorted, tortuous, and 
displaced arterial supply[77] (Figure 6). Strong tumour 
staining, presence of vascular lakes and venous pools are 
the most common features described in angiography[56]. 
It can enhance the detection and characterization of 
HCC if combined with CT or MRI scanning[78-82]. The 

technique includes injection of intra-arterial contrast 
dye (usually in the superior mesenteric, splenic, or 
hepatic artery) instantly before performing CT or MRI, 
followed by achieving images through both arterial and 
portal phases. The diagnostic performance of hepatic 
arteriography largely depends on the size of hepatic 
tumour and the pattern of vascularization[83]. The overall 
diagnostic accuracy of angiography in the diagnosis of 
smaller HCCs (< 5 cm) is up to 89%, with sensitivity 
of 82%-93%, and specificity of 73%. These estimated 
values were reduced, when the size of the tumor was 
smaller than 2 cm[55]. Recently, the less invasive and 
novel techniques discussed above have substituted 
conventional angiography for the diagnosis and early 
detection of HCC. So, angiography became reserved for 
therapeutic use during chemoembolization of tumors 
and for the control of bleeding from ruptured focal 
HCC[65]. In a randomized trial with 280 HCC patients 
eligible for RFA, performing CT hepatic arteriography and 
portography led to the identification of 75 nodules that 
were not detected by conventional CT scan, but this fact 
did not improve the recurrence-free survival rates[84].

LABORATORY DIAGNOSIS
Serum markers
The ideal tumour marker should possess the following 
properties: (1) high specificity and not detected in benign 
diseases and healthy subjects; (2) high sensitivity and 
detectable very early when few cancer cells are present; 
(3) organ specificity; (4) correlation with tumour stage 

Figure 5  Dynamic magnetic resonance imaging of hepatocellular carcinoma. A: Precontrast; B: Arterial phase; C: Portal venous phase; D: Equilibrium phase; 
dynamic magnetic resonance imaging obtained with the LAVA sequence prior to therapeutic treatment. The hepatocellular carcinoma (HCC) (arrow) is seen adjacent 
to the hepatic vein as an enhanced nodule in the late arterial phase and as hypo-attenuated nodule in the portal venous and equilibrium phases; E: T1-weighted 
gradient echo image; F: Spin echo T2-weighted image two days after radiofrequency ablation therapy for HCC. The completely ablated area shows as hyperintense 
on T1-weighted images and as hypointense on T2–weighted images (arrowheads)[66].
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Figure 6  Hepatic angiography. Typical hyper-vascular pattern, correspon
ding to the findings of enhanced Doppler study, is clearly demonstrated by 
angiography[77].
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or tumour mass; (5) correlation with prognosis; and (6) 
reliable predictive value. Such a tumour marker could be 
used for diagnosis (in screening programs), prognosis, 
monitoring the effects of the therapy and as a target for 
localisation and therapy.

The most frequently used marker for diagnosis of 
HCC is the serum concentration level of AFP. Numerous 
serologic markers (such as des-gamma-carboxy
prothrombin) may be used; the diagnostic accuracy of 
which may be improved when they are combined with 
serum AFP. While in clinical practice, these markers 
are not routinely used, they represent a fruitful area of 
investigation (Table 2).

AFP is a glycoprotein of an oncofoetal origin. Its 
level is increased in patients with cirrhosis complicated 
by HCC. Primarily, it is a foetal-specific antigen 
produced in the liver of the foetus. After birth, its serum 
concentration falls rapidly and decreases through adult 
life. Elevation of serum AFP occurs normally during 
pregnancy, and an abnormal rise has been reported 
with gonadal tumours (both germ cell and non-germ 
cell)[85] and in a different variety of other malignancies, 
especially cancer stomach[86]. Several studies reported a 
rise of serum AFP in patients with chronic hepatic disease 
without HCC, and in patients with acute or chronic viral 
hepatitis[87,88]. In addition, patients with HCV-related 
cirrhosis may have a slightly higher concentration level 
of AFP. In one series, patients who had been treated 
with a combination of pegylated interferon plus ribavirin 
for HCV-related cirrhosis demonstrated significant 
decrease in AFP level after treatment[89]. Additionally, in 
small HCCs the serum concentrations of AFP are normal 
in up to 40%, as not all tumours secrete AFP[90].

A fibrolamellar carcinoma is a variant of HCC 
characterized by normal AFP levels in the majority 
of cases[91]. In one report, patients with cirrhosis and 
persistently elevated AFP values compared with those 
who have fluctuating or normal levels have an increased 
risk of developing HCC (29% vs 13% and 2.4%, 
respectively)[92].

Assessment of diagnostic performance of serum 
AFP as a screening tool in the early detection of HCC 
using certain parameters as sensitivity, specificity, 
and predictive values depends upon the value of cut-

off chosen for confirming the diagnosis, the natural 
characteristics of the population under study, and the 
gold standard test used to establish the diagnosis of 
HCC. Test characteristics in different situations have 
described in several studies[49,93]. A large systematic 
review that enrolled five studies revealed the following 
prognostic values; sensitivity of 41% to 65%, specificity 
of 80% to 94%, negative likelihood ratio of 0.4 to 0.6 
and a positive likelihood ratio of 3.1 to 6.8 when a cut-
off value based upon > 20 mcg/L[89-94].

Although values of AFP above 400 ng/dL are 
considered diagnostic for HCC, such a high level of 
AFP present only in a small percentage of patients[95]. 
Patients with high AFP levels (above 400 ng/dL) tend 
to have larger tumour mass, diffuse or multilobar 
involvement, thrombosis of the portal vein and a lower 
survival rate[96].

The utility of AFP in differentiating HCC from benign 
liver diseases has also been noted to be limited with 
false negative rates and high false positive rates[97]. 
Although AFP is considered to be the gold standard as 
a serum bio-marker of HCC, its utility as a screening 
tool for HCC detection is of a questionable issue due 
to its poor performance. The role of variant forms of 
AFP has been investigated, to improve the diagnostic 
performance of AFP.

Three different AFP variants (AFP-L1, AFP-L2, and 
AFP-L3) have been investigated. Each variant has 
a different sugar chain with a differential affinity for 
lectins, such as Lens culinaris agglutinin. AFP-L3 (Lens 
culinaris-reactive AFP) is more specific and superior for 
HCC than is global AFP[98]. The United States Food and 
Drug Administration approved AFP-L3 as a screening 
marker for HCC. The AFP-L3 percentage is calculated 
as a ratio of AFP-L3 to whole AFP. Initial investigations 
demonstrated a specificity and sensitivity of 93.9% 
and 55.3%, respectively, when a cut-off value of 15% 
AFP-L3 was used[95].

More recent studies using the same cut-off value 
showed a sensitivity of 96% and specificity of 92%[89]. 
Another series, using cut-off values of AFP-L3 about 10% 
to 15% exhibited a lower sensitivity (30.9%-36.1%) 
but comparable specificity (93.4%-99.5%)[99]. However, 
the diagnostic accuracy of AFP-L3 vs whole AFP in 

Table 2  Currently used and investigational serum tumour markers[101]

Markers Character Cut-off level Sensitivity Specificity Comments

AFP Oncofoetal glycoprotein 10-16 ng/dL    60%-80% 70%-90% Poor marker alone
20 ng/dL    39%-66% 76%-97%

AFP-L3 AFP variant (subtype) 10%       39.9%      93.4% Useful in combination 
15% 36.1%-96%    92%-99.5% with other markers

GP73 Golgi-specific membrane protein 10 relative units          69%         86% Promising marker
GPC3 Oncofoetal glycoprotein 2 ng/dL          51%         90% Limited utility as a marker
DCP Abnormal prothrombin 40 mAU/mL    48%-62% 81%-98% Useful in combination
HS-GGT Abnormal prothrombin 5.5 IU/mL 43.8%-74% Not available Non specific
AFU Lysosomal enzyme 870 nmol/mL per hour          82%         71% Lower specificity and poor marker

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris-reactive AFP; GP73: Golgi protein 73; GPC3: Glypican-3; DCP: Des-gamma-carboxyprothrombin; GGT: 
Gamma-glutamyl transferase; AFU: Alpha-L-fucosidase.
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distinguishing patients with HCC from patients who 
have only cirrhosis and regenerating nodules, is still a 
matter of debate and has not been well investigated. 
Interestingly, several studies have reported that AFP-L3 
may be a useful prognostic bio-marker for HCC, and 
higher percentage values are associated with increased 
tumour size, poorly differentiated HCC, vascular invasion, 
and metastasis[100]. Therefore, it appears that because 
of inconsistencies in its sensitivity and specificity data 
for predicting HCC occurrence, AFP-L3 is still unreliable, 
even though it is more precise and specific than whole 
AFP. Also, AFP-L3 may not be very useful for surveillance 
even though it may be a valuable prognostic bio-marker 
in patients with known HCC[101].

Des-gamma-carboxyprothrombin (also recognized 
as “prothrombin produced by vitamin K absence or 
antagonism Ⅱ”) has also shown advances in the 
detection of HCC. In one series, 69 out of total 76 
patients diagnosed as HCC, had a mean serum level 
concentration of this marker in the range of 900 mcg/L; 
much lower mean values were reported in chronic 
hepatitis patients, metastatic liver disease, and healthy 
individuals (10 and 42 mcg/L and undetectable, 
respectively). Tumours of less than 3 cm in size show less 
frequent elevations in des-gamma-carboxyprothrombin. 
In addition, there is no significant correlation between 
serum levels of abnormal prothrombin and AFP[102-107].

MicroRNAs
The plasma microRNA expression has also been 
investigated as a possible marker of HCC[108-110]. One 
study examined 934 participants in 4 groups; healthy, 
chronic HBV, cirrhosis, and HBV-related HCC[108]. Regard
less of the stage of HCC, a microRNA panel that included 
miR-122, miR-192, miR-21, miR-223, miR-26a, and 

miR-801 accurately identified patients with HCC (AUC 
0.89 with a specificity of 84% and a sensitivity of 82% for 
the validation set). This microRNA panel also accurately 
differentiated patients with HCC from healthy individuals 
and those with cirrhosis or chronic HBV. Additionally, 
microRNAs have a potential prognostic impact in patients 
with HCC (Table 3).

Other serum bio-markers of HCC that have been 
studied include: (1) Tumour-associated isoenzymes of 
gamma-glutamyl transpeptidase[111]; (2) Transforming 
growth factor-β-1 in urine[112]; (3) Serum circulating 
intercellular adhesion molecule-1 level[113]; (4) Serum 
alpha-L-fucosidase activity[114]; (5) Glypican-3 (a cell-
surface heparin sulfate proteoglycan)[115]; (6) Dickkopf-
1[116]; (7) Human carboxylesterase 1[117]; and (8) Plasma 
proteasome[118,119].

PERCUTANEOUS LIVER BIOPSY
It should only be considered when diagnostic imaging 
results are doubtful, for example, in patients with 
cirrhosis and nodules of hypovascular nature, and 
the result would directly have an impact on manage
ment[120,121]. Both the European (EASL) and the American 
(AASLD) Associations for the Study of Liver Diseases 
have proposed a role for liver biopsy in confirming the 
diagnosis and identification of HCC[9,10]. In addition, 
clinical criteria have been developed that can be designed 
for prioritising patients with any suspicion of HCC prior 
to liver transplantation without confirming the diagnosis 
with a biopsy[63]. Possible risks encountered of a biopsy 
include bleeding, and tumour spread through the track 
of the needle. The magnitude of the risk ranges from 
1.6% to 5%[122-126]. A large meta-analysis of eight clinical 
studies estimated that the overall risk was 2.7%[127]. 

MiRNAs Molecular alteration Clinical significance Ref.

20 miRNAs Signature Venous metastasis, overall survival [154]
19 mi NAs Signature Poor survival [155]
MiR-19a, miR-886-5p, miR-126, miR-233, miR-24, 
and miR-147

Signature Predictor of overall survival and recurrence-free survival after LT [156]

MiR-26a Down-regulation Poor survival [157]
MiR-122 Down-regulation Gain of metastasis properties [158,159]
MiR-122 Down-regulation Early recurrence [160]
Let-7 members Down-regulation Early recurrence [161]
MiR-199a-3p Down-regulation Reduced time to recurrence [162]
MiR-199b-5p Down-regulation Poor overall survival and progression-free survival rates [163]
MiR-101 Down-regulation Advanced tumour progression, poor prognosis [164]
MiR-125a Up-regulation Better survival [165]
MiR-92, miR-20, miR-18 Up-regulation Poor differentiation [166]
MiR-372 Up-regulation Advanced TNM stage [167]
MiR-221 Up-regulation Multi-nodularity, reduced time to recurrence [168]
MiR-221 Up-regulation Gain of metastatic properties [169]
MiR-221 Up-regulation High tumour capsular infiltration [170]
MiR-17-5p Up-regulation Multiple tumour nodules, vein invasion, shortened overall survival [171]
MiR-155 Up-regulation High recurrence and poor prognosis following OLT [172]
MiR-203 Up-regulation Good prognosis [173]
MiR-18 Up-regulation Poor prognosis [174]

Table 3  MicroRNAs with potential prognostic impact in patients with hepatocellular carcinoma

Data adapted from Negrini et al[175]. MiRNAs: MicroRNAs; TNM: Tumour-node-metastasis; LT: Liver transplantation; OLT: Orthotopic liver transplantation.
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However, some reports have not observed any adverse 
impact of preoperative FNA, or an increased risk of 
needle tract seeding, on long-term outcome and survival 
in patients who were considered for elective surgical 
resection of HCC[120,128,129]. Although the potential risk 
of spreading tumour through the biopsy tract should 
always be considered, liver biopsy might be performed 
in certain circumstances as surgical resection and liver 
transplantation.

TREATMENT OF HCC
Surveillance programs have been conducted in the high-
risk group patients; and led to an increasing number of 
early detection of HCC[130]. Nevertheless, HCC is usually 
diagnosed late along its course, and the median survival 
is approximately 6 to 20 mo after the establishment of 
the diagnosis[9,10]. Based upon pre-established prognostic 
criteria, the BCLC classification categorizes HCC patients 
into five stages (0, A, B, C and D)[10] (Figure 7). Different 
treatment modalities are available including: (1) Surgical 
resection; (2) Liver transplantation; (3) RFA; (4) 
Microwave ablation; (5) Percutaneous ethanol or acetic 
acid ablation; (6) TACE; (7) Radioembolization; (8) 
Cryoablation; (9) Radiation therapy (RT) and stereotactic 
radiotherapy; and (10) Systemic chemotherapy and 

molecularly targeted therapies.

SURGICAL RESECTION
In patients with adequate liver functional reserve, 
potentially curative partial hepatectomy is the optimal 
treatment for HCC. Solitary HCC confined to the liver is 
ideal for surgical resection, which shows no radiographic 
evidence of portal hypertension, no evidence of invasion 
of the hepatic vasculature, and preserved hepatic 
function. In carefully selected patients, Relapse-free 
Long-term survival rates, average 40% or better and 
five-year survival rates as high as 90% are reported.

The preoperative evaluation should focus on the 
probability of disease being confined to the liver, and 
whether the anatomic bonds of the intrahepatic tumour 
and the underlying liver function will permit resection. 
Although surgeons restrict suitability for resection of 
patients with tumours that are ≤ 5 cm in diameter, 
there is no general basis regarding tumour size for 
determination of patients for resection. A comparable 
survival rate reported in patients with a solitary HCC 
without vascular invasion regardless of tumour size, 
although patients with smaller tumours tend to have a 
better outcome.

Hepatic reserve assessment is of paramount im

PST 0, Child-Pugh A PST 0-2, Child-Pugh A-B PST > 2, Child-Pugh C

Single < 2 cm
Carcinoma in situ

Single 3 nodules 
≤ 3 cm, PS 0

Multinodular, PS 0 Portal invasion
N1, M1, PS 1-2

Increased

HCC

Stage 0 Stage A-C Stage D

Very early stage (0) Early stage (A) Intermediate stage (B) Terminal stage (D)Advanced stage (C)

Single 3 nodules ≤ 3 cm

Portal pressure/bilirubin Associated diseases

Normal No Yes

Resection Liver transplantation 
(CLT/LDLT)

RF/PEI TACE Sorafenib Best supportive care

Target: 10%
OS: < 3 mo

Target: 40%
OS: 11 mo (6-14)

Target: 10%
OS: 20 mo (45-14)

Curative treatment (30%-40%)
Median OS: 60; 5-yr survival: 40%-70%

Figure 7  Updated Barcelona Clinic Liver Cancer staging system and treatment strategy, 2011[10]. The BCLC algorithm classifies HCC into five stages-based on 
the extent of disease, Child-Pugh score, and ECOG performance status-that enables prognostication and informs allocation of first-line treatment. BCLC: Barcelona 
Clinic Liver Cancer (group); HCC: Hepatocellular carcinoma; PST: Performance status test; TACE: Transarterial chemoembolization; RF: Radiofrequency; PEI: 
Percutaneous ethanol infusion; CLT: Cadaveric liver transplant; LDLT: Living donor liver transplant.
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portance in the selection of patients for resection. 
Perioperative mortality is twice as high in cirrhotic as in 
non-cirrhotic patients unless proper selection of patient 
is applied. Patients with Child-Pugh class (A) cirrhosis, 
who have a normal bilirubin and well-preserved hepatic 
function, can undergo operative surgical resection 
safely. Also, liver volumetry, and portal vein patency 
should be assessed before major surgical liver resection 
in those patients.

The utilization of intraoperative US allows accurate 
localisation and staging of tumours. Anatomical consi
deration is favoured by some gastrointestinal surgeons 
during surgical resection, where segment-wise hepa
tectomies is carried out whenever feasible. This depends 
on the fact that microscopic intrahepatic metastasis is 
expected to rise in the same original segment from which 
the tumour rise. Interestingly, even after apparently 
curative surgical resection, recurrent HCC develops 
in 80% of patients within five years because of latent 
metachronous multicentric carcinogenesis or intrahepatic 
metastasis[131].

LIVER TRANSPLANTATION
Practically all patients who are candidate for liver 
transplantation are unresectable because of the degree 
of underlying liver dysfunction rather than tumour 
extent. Liver transplantation can be considered as an 
appropriate treatment option for patients with end 
stage liver disease and earlier stage HCC. OLT is an 
appropriate option for patients with chronic liver disease 
(usually cirrhosis) who would not tolerate liver resection 
and according to Milan criteria have a single HCC focal 
mass with size ≤ 5 cm in diameter or up to three 
separate focal lesions, with any one of them is not larger 
than 3 cm, with no distant metastases or regional nodal 
and no evidence of gross invasion of vascular structure.

When these strict selection criteria used, excellent 
overall three- to four-year actuarial (75% to 85%) and 
recurrence-free survival rates (83% to 92%) could be 
achieved. Long-term survival is similar to or only a little 
worse in precisely designated patients experiencing 
OLT for HCC, than survival for patients performing OLT 
for non-malignant aetiologies. Patel et al[132] found that 
patients transplanted within Milan criteria and those 
transplanted outside of Milan criteria but within the 
University of California, San Francisco criteria (one 
tumor ≤ 6.5 cm, or ≤ 3 tumors with largest tumor 
diameter ≤ 4.5 cm and total tumor diameter ≤ 8 cm) 
had equivalent outcomes.

A major disadvantage with OLT (in addition to the 
need for lifelong immunosuppression with its attendant 
risks) is the long waiting time for donor organs. The 
requirement for livers continues to go up as the waiting 
list of possible recipients remains to be extended. The 
shortage of donor organs is a universal problem. With 12 
mo duration waiting lists, many patients (up to 25%) are 
expected to be excluded from liver transplantation due 
to tumour progression. A scarcity of donor livers has led 

to the development of schema, whereby preference for 
donor organs is given to the most critically ill patients. In 
the United States, the selection depends on the “model 
for end-stage liver disease” score which is used in the 
prediction of median survival in cirrhotic patients putting 
into consideration that diagnosis of HCC will increase the 
priority score for donor organs[131,133]. 

RFA
As regards loco-regional intervention ablation therapy 
of HCC, RFA has been the most commonly evaluated 
option. Distinctive types of electrode are available 
including internally cooled electrodes and multi-tined 
expandable electrodes with or without perfusion for 
clinical RF ablation[134]. The raising of temperature with 
subsequent damage is dependent on both the degree 
of the temperature achieved within the tissue and 
the whole length of exposure to the heating process. 
Irreversible cellular damage produced by raising the 
temperature of tumour tissue to 50 ℃-55 ℃ for 4-6 min. 
In addition, tissue vaporises and carbonises at more than 
100 ℃-110 ℃. A key factor that affects the achievement 
of successfully RF ablation is the capability to destroy 
all viable tumour tissues and probably a satisfactory 
tumour-free margin. Ideally, ablative margin at 360°, and 
0.5-1 cm-thick should be created around the tumour. 
This cutoff would verify that microscopic invasions around 
the margin of a tumour have been eliminated[135].

While there is no precise tumour size beyond which 
RFA should not be applied, single tumour < 4 cm in 
diameter have the best outcome. As noted above, RFA 
has also been used as a “bridging” therapy[136].

Five randomised controlled trials (RCTs) have 
compared the efficacy of RFA vs percutaneous ethanol 
infusion (PEI) in the management of early-stage HCC. 
RF ablation showed superiority in the local control of the 
HCC than PEI due to its higher anti-cancer effects[137]. 
In addition, two large meta-analyses endorsed RF 
ablation as the standard percutaneous modality for HCC 
treatment[138].

A question arises here, whether RFA can replace the 
surgical resection as the first-line option for patients 
with small, single HCCs. A RCT comparing RFA ablation 
vs surgical resection in Child A patients with a solitary 
HCC lesion of diameter 5 cm or less, has failed to 
demonstrate any statistically significant differences in 
disease-free survival and overall survival rate between 
the two treatment groups[139].

Another limitation of RFA applicability in the 
treatment of HCC is the anatomical location of the HCC 
lesions; those who are close to the gastrointestinal 
system or near portahepatis or gall bladder are risky, 
with the potential for major complications[140]. Up to 
30% of the small size tumours may not be appropriate 
for RFA due to their unfavourable position. Consequently, 
there are no clear data to support RFA as an alternative 
technique for surgical resection as a first-line in the 
management plan for patients with early-stage HCC[141].
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MICROWAVE ABLATION
Microwave ablation is a medical term used for all 
electromagnetic methods that result in tumour damage 
by using different devices with various frequencies (equal 
to or more than 900 kHz). These microwaves move 
through the cells or other materials containing water 
leading to rotation of the different molecules. The rapid 
rotation of these molecules produces a consistent and 
evenly distributed hotness, which is continued until the 
radiation is completely stopped. A necrosis area in the 
form of round or column shape, created by microwave 
irradiation around the needle is formed, depending 
on the type of needle used and the amount of power 
generated[142].

One RCT compared the efficacy of both microwave 
ablation and RF ablation in the management of HCC. 
There is a propensity favouring RFA over microwave 
ablation despite taking into account the rate of both 
complications and local recurrences and that there was 
no statistically significant differences in the efficacy of 
the two procedures. It has to be noted that technology 
of microwave ablation has improved dramatically. 
Newer devices seem to have overcome the limitation 
encountered by the small size of the coagulation area 
produced by a single probe insertion. Microwave ablation 
offers an important advantage over RF ablation in that 
treatment outcome is not influenced by the site of the 
tumour[135].

PEI OR ACETIC ACID ABLATION
PEI is often indicated in patients who are not suitable 
for resection and with small HCCs due to their poor 
functional hepatic reserve. The ethanol produces 
coagulation necrosis of the tumour mass, through differ
ent mechanisms as dehydration of cells, denaturation 
of protein, and occlusion of small vessels. PEI is a well-
established technique for the management of HCC 
nodular-type. Nodules of HCC have soft consistency 
within a firm cirrhotic liver. Consequently, the injected 
ethanol diffuses easily and selectively within these lesions. 
Multiple (4-6) sessions of PEI have been shown to be 
effective with complete response (CR) in approximately 
70% of all lesions of small size[143].

An inherent advantages of PEI are low financial 
cost and low morbidity, but the higher local recurrence 
rate is a major limitation, that may occur in up to 33% 
in small lesions (less than 3 cm) and in up to 43% in 
larger lesions[144].

The CR is not usually achieved by ethanol injection, 
due to the uneven allocation of the ethanol within the 
lesion (particularly in the existence of intra-tumoural 
septa) and a restricted influence on extracapsular 
cancer cells spread. The current advance of dedicated 
multi-pronged PEI needles has been shown to overcome 
some of these limitations, leading to the achievement of 
90% sustained rate of CR, when the size of the tumour 
is smaller than 3 cm and furthermore treated only with 

a single session ablation. Acetic acid injection as another 
method of chemical ablation has been utilized for the 
treatment of HCC. However, this procedure has been 
investigated by very few researchers worldwide[145].

TACE 
TACE has been commonly used for treatment of 
unresectable type of HCC. The principle of TACE depends 
on deprivation of HCC lesions from their blood supply 
which is predominantly derived from the hepatic artery, 
whereas portal system supplies blood to surrounding 
liver tissue. TACE is preferable for multiple or large size 
focal HCC lesions and even in cases of impaired hepatic 
reserve. The tip of the catheter is introduced at the 
nearest and the achievable site of the feeding artery of 
HCC lesion. Under fluoroscopic monitoring, an emulsion 
of anti-cancer agents combined with lipidol followed 
by careful injection of gelatin sponge particles. The 
dose of chemotherapeutic agent and lipidol emulsion 
used in TACE is calculated and determined according 
to tumour size and extension of the lesions[131]. A more 
recent method of chemoembolisation involves the use of 
drug-eluting polyvinyl alcohol microspheres (“beads”), 
which seems to cause less toxicity with similar efficacy. 
Use of drug-eluting beads causes simultaneous or 
sequential occlusion of the feeding branch of hepatic 
artery until blood flow to the tumour tissue ceases, which 
may lead to greater efficacy of anti-cancer drug than 
chemotherapy alone. 

TACE is the first-line strategy in the plan of down
staging of HCC tumours that exceed the criteria for 
transplantation[146]. During follow up, dynamic CT or MRI 
has been done every 3 to 4 mo and TACE was considered 
when local recurrence, second primary HCCs and/or 
intrahepatic metastasis were found. Limitations of TACE 
include invasion of liver capsule, extracapsular growth of 
the tumour, or invasion of the vessels with thrombosis. 
Rarely, complete ablation and necrosis of whole lesions is 
obtained, so the TACE should be considered for advanced 
HCC lesions that cannot be treated by resection or 
ablation.

Takayaso et al[146] noticed that TACE resulted in a 
five-year survival rate of 26%. A mortality rate of 0.5% 
was reported in 8510 patients with unresectable tumour 
of HCC. Patient survival can be predicted by assessment 
of hepatic reserve, characteristics of HCC (size, number 
of lesions, portal vein patency, and presence of tumour 
invasion) and values of alpha fetoprotein[147,148].

Adverse events associated with TACE were described 
in approximately 10% of treated patients; these 
events include abdominal pain, nausea, vomiting, bone 
marrow suppression, and ischemic cholecystitis. A post-
embolisation syndrome has been observed in > 50% 
of patients treated with TACE and the patients usually 
presented with fever, abdominal pain, and intestinal 
obstruction of moderate degree. Treatment-related 
mortality is less than 5%[147].

Absolute contraindications to TACE include portal 
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vein thrombosis (absence of hepatopetal blood flow), 
encephalopathy, and biliary obstruction. Relative 
contraindications include increased level of bilirubin > 
2 mg/dL, aspartate aminotransferase > 100 unit/L, 
lactate dehydrogenase > 425 unit/L, tumour burden 
occupying > 50% of the liver, cardiac or renal co-
morbidities, ascites, significant thrombocytopaenia, or 
recent variceal hemorrhage[149].

TACE PLUS RFA
Combined TACE and RFA can be applied to overcome 
the limitations of RFA when used alone. Three meta-
analyses have concluded that combined TACE together 
with RFA was associated with an improvement of overall 
survival rate than RFA alone. While the combination 
of TACE plus RFA may be better than RFA alone, there 
is no obvious indication that it is better than TACE 
alone[10].

CRYOABLATION
Cryoablation is the application of alternating freeze-thaw 
cycles through the use of a cryoprobe inserted directly 
into the tumour; this procedure is used intraoperatively 
more frequently in HCC patients with unresectable 
lesions. RFA has supplanted the use of percutaneous 
cryoablation[10].

RT AND STEREOTACTIC BODY 
RADIOTHERAPY 
External-beam RT is an emerging utility in the mana
gement of liver cancer, although its place among other 
treatment modalities for patients with unresectable 
HCC, its role has yet to be clarified. HCC is considered 
one of the radiosensitive tumours, and the liver is an 
extremely radiosensitive organ. As a whole, the liver 
can only tolerate radiation doses of approximately 20 
Gy, although newer techniques using three-dimensional 
conformal treatment planning or stereotactic focusing 
may permit the guided delivery of up to 100 Gy.

Stereotactic body radiotherapy (SBRT) is a technique 
in which a high-dose radiation fractions used as a single 
or in limited numbers are delivered and condensed 
to a small, accurately distinct target lesion by utilizing 
multiple, non-parallel beams of radiation. These beams 
focus and converge exactly on the precise target lesion, 
minimising adjacent healthy tissue from exposure to 
radiation. This precise targeting facilitate treatment of 
small- or medium-sized tumours in extracranial sites 
in either both types of single or limited number of dose 
fractions, but experience with SBRT is still limited[150-152].

RADIOEMBOLISATION
A variety of hepatic artery-directed treatment is 
radionuclide yttrium-90 therapy. Microspheres containing 

yttrium-90 of approximately 25 mm in diameter are 
introduced through a catheter precisely inserted into 
the hepatic artery at the lobar or segmental level, 
and discharge of local radiation with minimal radiation 
exposure to neighbouring healthy tissue[125].

High intensity focused US (HIFU) therapy has been 
evolved for the treatment of solid organs tumours. 
The principle of HIFU is based on an extracorporal US 
source that focuses to a predetermined target lesion 
inside the body. The US energy passes safely through 
overlying tissues to a predetermined specific target 
area. The energy deposition rapidly produces a rapid 
elevation of the temperature of this area, resulting in an 
irreversible death of cells with an obvious area of tissue 
necrosis. The reported disadvantages of HIFU therapy 
include the long duration of the procedure (3-4 h) and 
the rarely required rib resection when the tumour is 
situated behind the rib bone[131]. In addition to the high 
cost, certain anatomical constraints (e.g., pass-through 
of the radioactive material to the lung in some patients 
with shunting) and a question of less effective tumour 
necrosis than is seen with TACE limit the utility of this 
treatment. It is under active study for patients with 
thrombosis of the portal vein and those with advanced 
disease, but still there is an appropriate liver reserve. 
No RCTs are currently available.

SYSTEMIC THERAPY
Molecularly targeted therapy (sorafenib)
One of the oral multi-tyrosine kinase inhibitor is 
sorafenib which is currently considered as the first drug 
that might improve survival in patients with advanced 
HCC. The multicentre European randomised SHARP 
trial in 2007, demonstrated monotherapy with sorafenib 
agent as a standard systemic treatment for advanced 
tumour of HCC. 

In a large series, double-blinded placebo-controlled 
phase Ⅲ, the estimated median overall survival 
estimated in months was found to increase from 7.9 in 
the placebo arm to 10.7 in the sorafenib arm (HR = 0.69; 
95%CI: 0.55-0.87; P = 0.00058), which results in a 
31% decrease in the relative risk of death. 

A preliminary data from a randomised phase Ⅱ trial 
comparing the results of sorafenib plus doxorubicin vs 
doxorubicin alone suggested an advantage for combined 
therapy; however, whether this combination is superior 
to sorafenib alone will necessitate a randomised trial in 
which the sorafenib is the control arm.

Cytotoxic chemotherapy
Chemotherapy has not been used consistently in the 
treatment of advanced HCC for a several reasons: (1) 
the relatively chemotherapy-refractory nature of HCC 
tumour. This is partially due to the high rate of drug 
resistance gene expression, including mutations in p53, 
glutathione-S-transferase, P-glycoprotein, and the heat 
shock proteins; (2) systemic chemotherapy is typically 
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not properly acknowledged and endured by patients 
owing to the presence of significant underlying poor 
hepatic reserve. The overall survival of the patients is 
most often estimated neither by tumour aggressiveness 
nor the impact of a systemic treatment, but by the 
degree of impairment of hepatic reserve; and (3) clinical 
trials of systemic chemotherapy in patients with advanc
ed stage of HCC have been conducted in different variety 
of populations. 

Despite these issues, emerging data suggest a 
modest degree of antitumour efficacy for several 
cytotoxic agents and/or combined drug regimens; a 
chemotherapy trial may be warranted in many indivi
duals, particularly if they have normal underlying liver. 
Reactivation of viral hepatitis may happen in patients 
with HCC who are experiencing intense systemic 
chemotherapy; it is therefore important to continue their 
antiviral medications. 

Using a combination therapy of intra-arterial infusion 
of 5-Fluorouracil (5-FU) and subcutaneous interferon in 
116 HCC patients with portal vein invasion has shown 
promising results[153].

The treatment cycle comprises of 4 wk; 5000000 u 
(5 MU) IFU was administered three times weekly, given 
intramuscularly at days 1, 3, and 5 from each week, 
with a total dose of 60 MU per cycle. 5-FU (500 mg/d) 
was injected into the hepatic artery through a portable 
infusion pump on days 1-5 of the first and second weeks 
through the intra-arterial catheter (5 gm per cycle) over 
a period of five hours each time. A CR achieved in 19 
(16%) patients and a partial response obtained in the 
other 42 (36%). Only, nausea and appetite loss were 
noticed as adverse events. The overall survival rates 
reported at 12 and 14 mo among those patients were 
34% and 18%, respectively, and those among patients 
who achieved CR were 81% and 59%, respectively[131].

Other molecular targets under clinical development 
are shown in Table 4.

CONCLUSION
At present, the surveillance of HCC is based on US 
examination every 6 mo because AFP lacks the satis
factory sensitivity and specificity necessary for successful 
surveillance and diagnosis. Numerous clinical trials 
searching for a more ideal tool are running. One of these 
tools is the microRNAs which can be considered as a 
promising diagnostic as well as prognostic tool for HCC. 
Treatment of HCC depends on assessment of the tumour 
stage using BCLC or other scoring systems, preserved 
hepatic function, and performance status of the patients. 
Thus, a multidisciplinary approach is required for an 
optimal treatment of HCC. Indeed, hepatic surgical 
resection and liver transplantation are the only curative 
treatment options in the early stages of disease. RFA 
is equivalent to surgical resection in highly-selected 
patients with an early stage of HCC. Radioembolisation 
using resin or glass spheres appears to be a promising 
tool. Molecular studies of HCC have recognized peculiar 
activation of different signalling pathways, which signify 
key targets for emerging molecular therapies. The only 
approved therapy in patients with advanced disease 
is sorafenib, but novel and emerging targeted agents 
and their combinations are promising and being used in 
several clinical trials.
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