
© Springer Nature Switzerland AG 2021
A. Russo et al. (eds.), Practical Medical Oncology Textbook, UNIPA Springer Series,  
https://doi.org/10.1007/978-3-030-56051-5_42

Hepatocellular Cancer
Riccardo Memeo, Patrick Pessaux, Nicola Silvestris, Oronzo Brunetti, 
Antonio Giovanni Solimando, and Andrea Casadei Gardini

Contents

42.1  Introduction – 690

42.2  Epidemiology – 690

42.3  Physiopathology – 690

42.4  Diagnosis – 691
42.4.1  Radiological Criteria – 691
42.4.2  Role of Alpha-Fetoprotein – 691
42.4.3  Histological Criteria and Classification – 692

42.5  Staging – 694

42.6  Treatment – 695
42.6.1  Surgery – 695
42.6.2  Locoregional Procedures – 697
42.6.3  TACE – 698
42.6.4  Systemic Treatments – 698

42.7  Future Perspectives – 703

42.8  Highlights – 703

 References – 704

689 42

Gastrointestinal Cancers

https://doi.org/10.1007/978-3-030-56051-5_42#DOI
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-56051-5_42&domain=pdf


690

42

42.1   Introduction

Hepatocellular carcinoma (HCC) is the most common 
type of primary liver cancer in adults. Even if  improve-
ments in prevention and diagnosis have been done in 
recent years, HCC still remains the third leading cause 
of cancer death [1].

It occurs in the setting of chronic liver inflammation, 
mostly linked to chronic viral hepatitis B or C. Exposure 
to toxins such as alcohol or aflatoxin could conceivably 
be causes of HCC. Also metabolic syndrome and nonal-
coholic steatohepatitis (NASH) are increasingly recog-
nized as risk factors for HCC.  Hemochromatosis and 
α1-antitrypsin deficiency could increase the risk of 
developing HCC.

Often, but not always, HCC develops through a 
fibrotic degenerative process with the formation of nod-
ules called cirrhosis. So far, HCC is the most common 
cause of death in people affected by cirrhosis [2].

Most patients affected by HCC have signs and symp-
toms of chronic liver disease (jaundice, ascites, abnor-
malities of blood coagulation, hyporexia, weight loss, 
abdominal pain, nausea, and vomiting). Sometimes they 
do not show any symptoms. In some cases, HCC patients 
could present worsening of the symptoms.

42.2   Epidemiology

In the US surveillance, epidemiology, and outcome 
(SEER) database program, HCC accounts for 65 % of 
all cases of liver cancer [3, 4]. The incidence rate of HCC 
increased from 1.4/100,000 cases/year in the 1980s to 
6.2/100,000 cases in 2011 [3, 5]. HCC is more frequent in 
men than in women, with a ratio of about 2.4:1 [6]. It is 
generally diagnosed between 50 and 70 years of age [7], 
is predominant in Asian and African countries, and is 
not very common in Northern Europe and North 
America [4]. The main risk factors are hepatotropic 
viruses infection, such as HBV and HCV, and alcohol 
abuse. About 80–90 % of HCCs occur within the con-
text of cirrhosis [8]. In recent years an increase in the 
number of cases associated with metabolic syndrome 
has been observed.

42.3   Physiopathology

Hepatitis B virus is the principal cause of hepatocellular 
carcinoma. There are clear evidences of such an associa-
tion, accumulated from biological studies in patients 

with chronic liver disease degenerated into neoplastic 
disease and from prospective and retrospective epide-
miological studies conducted on populations from 
Africa, Malaysia, Japan [9, 10], China [11], Europe [12],  
and the USA [13]. Hepatitis C is also strongly associated 
with the risk of primitive HCC [14, 15], with a relative 
risk estimated up to more than a 20%, which is a figure 
similar to the one of hepatitis B.

Alcohol abuse is another risk factor for the develop-
ment of this tumor type.

In recent years it has been shown as in developed 
countries there is a correlation between the metabolic 
syndrome (NASH and NAFLD) and HCC.  However, 
the above form is still poorly studied.

In the world, the principal liver carcinogen aflatoxin 
content in food is a product of the metabolism of the 
fungus Aspergillus flavus that contaminates foods (usu-
ally the produce of grain stored in hot and humid envi-
ronment) in many tropical countries, particularly in 
Southern Africa and Southeast Asia. Experimentally, it 
is among the most potent liver carcinogen known for cer-
tain animal species, and it is likely that it is a potential 
carcinogen also for men. In addition, the incidence of 
primitive HCC in some areas of Southern Africa (where 
this cancer is particularly prevalent) is positively corre-
lated with the content of aflatoxin in the diet [16]. In 
developed countries, food is less contaminated by 
Aspergillus flavus, and this fungus is not involved in the 
carcinogenesis of HCC.

There is also a difference in the incidence of hepatitis 
B infection between developed and developing countries. 
In developing countries infection with hepatitis B, it is 
more common, while in developed countries hepatitis C 
infection is more frequent. The hepatitis B virus is a direct 
carcinogenic, while the hepatitis C virus is an indirect car-
cinogen: hepatitis C exerts its carcinogenic action through 
the inflammatory process and the resulting cirrhosis that 
develops in the liver. These etiological differences are 
reflected in a different biological behavior of HCC: the 
majority of Caucasian patients have a slow-growing and 
expansive cancer [17], whereas South African patients 
have a rapid-growing cancer [18]. As a consequence, there 
are significant different etiologies between primary HCC 
in Africans and Europeans and North Americans.

In turn, even among Europeans there are pathway 
and genetic differences between patients with HCC 
related to hepatitis and HCC patients related to meta-
bolic syndrome.

Being a major player in the inflammation in carcino-
genesis of this tumor, the expression of hepatitis virus- 
related proteins very likely reflects the differences 
between the various types of HCC.
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42.4   Diagnosis

42.4.1  Radiological Criteria

The presence of small nodules in a cirrhotic liver is nor-
mal, making the differential diagnosis between regen-
eration nodules and neoplastic nodules often difficult. 
A “focal lesion,” i.e., a lesion measuring at least 5 mm 
detected by ultrasound or another method is first iden-
tified [19]. Hepatic carcinogenesis occurs in stages in 
90% of cases: the lesion progresses from regenerative 
micronodule to regenerative macronodule, with histo-
logical changes that lead from mild to severe dysplasia to 
carcinoma, extending to the entire nodule and beyond.

From a histological point of view, the transformations 
that occur during carcinogenesis are generally accompa-
nied by a progressive formation of anomalous arterial 
vessels (tumor neoangiogenesis) and loss of the portal 
component [20]. The imbalance between the components 
of the vascular support gives HCC a unique behavior in 
the different contrast phases that enables imaging tech-
niques to identify the tumor, i.e., an increase in the arte-
rial phase signal in the lesion compared to the surrounding 
parenchyma (commonly called arterial hypervasculariza-
tion or wash-in), followed by a reduction in the venous 
phase that makes the lesion appear moderately less con-
trast-enhanced than the parenchyma (appearance defined 
as premature washing or washout). In the presence of 
wash-in followed by washout, a 10-mm lesion in a cir-
rhotic liver can be fairly confidently diagnosed as HCC.

Suspicious nodules should be evaluated with 
contrast- enhanced MRI and/or CT scan to identify a 

diagnostic pattern typical of HCC (hypervasculariza-
tion in the arterial phase and washout in the venous/late 
phase) and to carry out staging in order to define prog-
nosis and the most suitable therapy if  malignancy is 
confirmed (. Fig. 42.1). The role of contrast-enhanced 
ultrasound (CEUS) in the diagnosis of HCC has been 
questioned due to its poor ability to differentiate intra-
hepatic cholangiocarcinoma from HCC [21].

In the case of a typical MRI and/or CT (with wash- in 
and washout) appearance of lesions exceeding 10 mm, 
a diagnosis of HCC can be considered confirmed. 
Conversely, for lesions with an atypical appearance 
(lack of arterial hypervascularization and/or washout), 
further evaluation with an alternative contrastographic 
technique (MRI or CT) or CEUS is performed, or it 
may be decided to proceed directly to biopsy, if  techni-
cally feasible [21] (. Fig. 42.2).

42.4.2  Role of Alpha-Fetoprotein

Alpha-fetoprotein is the most commonly used serum 
marker for HCC. Alpha-fetoprotein is no longer recom-
mended as a diagnostic test because of the low sensitiv-
ity of its threshold value (about 20%), especially in small 
nodules, and also because of its lack of specificity when 
lower limits are used, e.g., >20 ng/dL). Thus, diagnosis 
of HCC is based on the results from typical imaging of 
malignancy in a cirrhotic liver or histological confirma-
tion. High values of alpha-fetoprotein have a clear nega-
tive prognostic significance [21].

a b

       . Fig. 42.1 HCC CT-scan. a Arterial phase sequence with wash in and b washout
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42.4.3  Histological Criteria 
and Classification

42.4.3.1  Liver Biopsy
Even if  instrumental investigations could be able to 
achieve a diagnosis, sometimes HCC should be investi-
gated by the histological examination of the lesion 
through ultrasound- or CT-guided percutaneous biopsy 
usually when radiological examinations lead to diagnos-
tic doubts.

42.4.3.2  Pathology
Macroscopic Features
Macroscopic characteristics of HCC are related to both 
the size of the tumor and the presence or absence of 
liver cirrhosis. In fact, HCCs associated with liver cir-
rhosis show fibrous capsule and intratumoral septa, 
while the ones without cirrhosis tend to be massive and 
nonencapsulated (. Fig.  42.3). HCC could occasion-
ally present itself  as a pedunculated lesion. Surrounding 
intrahepatic metastases are frequent in advanced phases.

Due to its significant angiogenesis features (Longo 
et al.), macrovascular invasion of portal vein could be 
present in more than 70% of advanced HCC. 
Furthermore, intrahepatic metastases are caused mostly 
by tumor spread in the portal vein branches. Less fre-
quently, tumor invades the major bile ducts. Extrahepatic 
metastases are mostly hematogenous (i.e., liver, lung and 
less frequently bone). Regional lymph node metastases 
are frequent.

Microscopic Features
Neoplastic cells resemble polygonals with distinct cell 
membranes and abundant granular eosinophilic cyto-
plasm with a nucleus/cytoplasm ratio which is higher 
than normal. Moreover, the nucleus is round with coarse 
chromatin and a thickened nuclear membrane. The 
 presence of sinusoidal vessels surrounding tumor cells is 
an important diagnostic feature. Common characteris-
tics are portal vein thrombosis and microvascular inva-
sion with presence of mitotic figures. The presence of 
abundant fat or bile canaliculi, copper, intracellular hya-
line bodies, and intranuclear pseudoinclusions could be 
less frequent (. Fig. 42.4). HCC is immunohistochemi-
cally positive for HepPar-1 and AFP, even if  these mark-
ers may be negative in high-grade tumors. Also glypican-3 
may be positive in both cytoplasm and membrane. 
Unlike the sinusoidal endothelial cells in normal liver tis-
sue, those in HCC are immunohistochemically positive 
for CD34 and factor-VIII-related antigen.

A variable number of macrophages with similar fea-
tures of well-differentiated tumors Kupffer cells are 
present in the sinusoidal blood spaces. They bear an 
immunohistochemical positivity for CD68 and antilyso-
zyme [22].

Different Histological Patterns
The trabecular (plate-like) pattern is the most common 
in well- and moderately differentiated HCCs. Neoplastic 
cells are grouped in cords of variable thickness which 
are separated by sinusoid-like blood spaces. Sinusoid- 
like blood spaces often show varying degrees of dilata-

Liver nodule in cirrhosis patients
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Repeat us at 3 months
4-Phase mdct(dynamic 
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Arterial hypervascularity and 
venous or delayed phase washout
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Diagnosis of 
hepatocellular carcinoma

Other contrast 
enhanced study

Arterial hypervascularity and 
venous or delayed phase washoutYes

Biopsy

       . Fig. 42.2 Diagnostic flow 
chart
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tion, and peliosis hepatis-like changes are occasionally 
observed in advanced HCCs (. Fig. 42.5).

Pseudoglandular and acinar variants of HCC fre-
quently show a glandular pattern, usually admixed with 
the trabecular pattern.

An uncommon HCC subtype is scirrhous. It is char-
acterized by marked fibrosis along the sinusoid-like 
blood spaces with varying degrees of atrophy of tumor 
trabeculae. The scirrhous type must not be confused 
with cholangiocarcinoma or fibrolamellar carcinoma.

The term “sclerosing hepatic carcinoma” has been 
used to designate a variety of tumors arising in non-
cirrhotic livers. This variant is often associated with 
hypercalcemia, but it doesn’t constitute a distinct histo-
pathological entity [23].

Cell Variants
Pleomorphic HCCs show marked variation in cellular 
and nuclear size, shape, and staining. Multinucleated or 
mononuclear giant cells are often present, appearing as 
osteoclast-like giant cells. They are frequently observed 
as common in poorly differentiated tumors. In clear cell 
HCC, cancer cells present clear cytoplasm due to the 
presence of abundant glycogen. Those features make the 
differential diagnosis from metastatic clear cell type 
renal carcinoma challenging.

Sarcomatoid HCC is a subtype with sarcomatous 
change which is characterized by the proliferation of 
spindle cells or bizarre giant cells. It is more frequent in 
patients who have undergone TACE. Most of them are 
positive for vimentin or desmin.

       . Fig. 42.3 Macroscopic 
aspect of  hepatocellular 
carcinoma on cirrhotic liver

a b

       . Fig. 42.4 a Well-differentiated HCC. Typical roll-off  appearance due to the capillaryization of  sinusoids. 20× (H/E). b Greater magnifica-
tion (40×). Endothelins continuously delimit the aggregates of  atypical hepatocytes (H/E)
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Fatty change HCC is most frequent in early-stage 
tumors with a diameter lower than 2 cm. Its frequency 
declines as tumor size increases, with rather infrequent 
fatty changes in advanced tumors. It could be associated 
with metabolic disorders related to hepatocarcinogene-
sis and insufficient blood supply in the early neoplastic 
stages.

Bile production HCC is occasionally observed, usu-
ally as plugs in dilated biliar ducts, with a prominent bile 
production. It is interesting to see that cancer cells turn 
green after formalin fixation. Mallory hyaline bodies are 
intracytoplasmic, irregular in shape, eosinophilic, and 
PAS-negative.

Fibrolamellar HCC is usually observed in noncir-
rhotic livers with a higher incidence in adolescents or 
young adults. Cancer cells are grouped in sheets or small 
trabeculae which are divided by hyalinized collagen bun-
dles with a characteristic lamellar pattern. These cells 
contain deeply eosinophilic and coarsely granular cyto-
plasm and distinct nucleoli. Pale bodies are present, and 
stainable copper, usually in association with bile, can 
occasionally be shown.

Undifferentiated carcinoma represents about 2% of 
epithelial liver tumors. Its characteristics resemble those 
of all the undifferentiated cancers, with poorly differen-
tiated small cells and a high mitotic cell rate. Its progno-
sis is worst compared to other HCC variants [23].

Grading
According to the histological grade of differentiation, 
HCC can be divided into well-differentiated, moderately 
differentiated, and poorly differentiated.

Well-differentiated HCC cells present minimal atypia 
and increased nuclear/cytoplasmic ratio. They are orga-
nized in trabecular patterns: pseudoglandular or acinar 
structures are frequently observed.

Moderately differentiated HCC is the most common 
in tumors which are larger than 3 cm in diameter. Cells 
show abundant eosinophilic cytoplasm and round 
nuclei. A pseudoglandular pattern is also frequent with 
bile or proteinaceous fluid. Cancer cells are organized in 
trabeculae.

In poorly differentiated HCC, cancer cells show an 
increased nuclear/cytoplasmic ratio, frequent pleomor-
phism, and high proliferation rate. Poorly differentiated 
HCC is frequent in late stages of the disease [23].

42.5   Staging

One of the most important moments in the onset of an 
HCC is the possibility to achieve a correct staging of the 
cancer to choose the best therapeutic option. Currently, 
the most common staging system for HCC is the 
Barcelona Clinic Liver Cancer (BCLC) system, which 
determines cancer stage and patient’s prognosis based 
on tumor burden, severity of the diseases, and patient’s 
performance status [24].

We identify very early and early stage (BCLC 0 and 
BCLC A) in patients with solitary lesion or up to three 
nodules ≤3  cm (no macrovascular invasion or extrahe-
patic disease). In this case patients can benefit from 
potentially curative treatment (resection, transplant, or 
ablation). In case of intermediate stage HCC (BCLC B), 
in asymptomatic patients with multifocal HCC, without 
vascular invasion or extrahepatic disease, patients could 
be candidate for transarterial chemoembolization 
(TACE). In case of multifocal HCC with vascular inva-
sion or extrahepatic disease, systemic treatment with tyro-
sine kinase inhibitor (sorafenib) currently offers the best 
therapeutic option. Patients with end-stage liver disease 
(BCLC D) have a very poor prognosis and require sup-
portive care alone.

a b

       . Fig. 42.5 a Moderately differentiated trabecular hepatocarcinoma. 20× hematoxylin/eosin. b Greater magnification (40×). Evident 
nuclear dysmetries with hypercromasia (H/E)
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42.6   Treatment

Considering the multifactorial evaluation of cirrhotic 
patient with HCC, different therapeutical options are 
available to treat cancer (. Fig. 42.6).

42.6.1  Surgery

In order to achieve a correct diagnosis of HCC in cir-
rhotic patients, the EASL panel of experts and the 
American Association for the Study of Liver Disease 
(AASLD) [1] adopted the definition of HCC radiologi-
cal hallmark, considering radiological criteria for diag-
nosis, based on typical contrast uptake of the nodule in 
arterial phase and washout in the late phase. In case of 
>1  cm nodule, one radiological technique (CT, MRI, 
US-contrast) could be sufficient for diagnosis. If  the 
diagnosis is uncertain, a second radiological exam could 
integrate the result. In case of further doubts, a speci-
men biopsy is necessary. The AFP value might be useful 
for diagnosis but in practice it will not affect the treat-
ment strategy.

42.6.1.1  Liver Resection
With a 50% 5-year overall survival (OS), liver resection 
is considered the only therapy which seems to cure the 
disease while maintaining liver function. Liver resection 
remains the most accessible treatment for liver malig-
nancies, because a limited availability of graft limits 

transplantation in selected cases. There has been some 
progress recently which has aimed at improving the 
results of liver resection. Better patient selection and 
preoperative studies, associated with the improvement 
of surgical tools and techniques including laparoscopic 
[25] and robotic surgery [26], have enhanced postopera-
tive outcome. Unfortunately, only 20–30% of patients 
have resectable disease at diagnosis. The ideal resection 
candidate is a patient with a single nodule, Child-Pugh 
A, without satellite nodules or vascular invasion, and 
the possibility to perform an anatomical resection to 
reduce the risk of untreated satellite nodules. Bilobar 
pathology is usually a surgery contraindication, and 
more conservative strategies are preferred in order to 
control the pathology.

42.6.1.2  Preoperative Assessment 
of the Patient Plays a Key Role

The main risks related to liver resection are hepatic 
insufficiency and failure [27]. This risk is heightened in 
case of an excessively large amount of hepatic paren-
chyma liver resection [28]. For that reason, the preopera-
tive risk assessment is a fundamental process before liver 
resection. In case of liver resection, we should consider 
two fundamental evaluations: a quantitative evaluation 
based on the percentage of hepatic parenchyma [29] that 
could be resected and a qualitative evaluation [30] 
involving functional reserve of the whole liver. For liver 
resection in cirrhotic patients, a minimal amount of 40% 
of liver should be preserved to avoid liver failure. For 
qualitative measurement, the main test is the evaluation 
of the indocyanine green at 15  min retention rate. 
Another feature evaluated before liver resection is portal 
hypertension [31], which should be absent in order to 
achieve better postoperative course and Child-Pugh 
classification, which allows the calculation of a score 
based on biological tests and clinical evidence to esti-
mate the cirrhosis severity [32]. This classification is used 
to assess the prognosis of chronic liver disease, mainly in 
cirrhotic patients. It is based on the analysis of five items 
and divides patients in three classes in function accord-
ing to the cumulative score. Analyzed items are total 
bilirubin, serum albumin, prothrombin time or INR, 
ascites and hepatic encephalopathy. The combination of 
these factors could minimize the risk of liver failure.

The ECOG (Eastern Cooperative Oncology Group) 
[33] (. Table 42.1) scale of performance status is a scale 
which helps to understand how the disease can impact 
the patient’s daily life. It measures the patients’ level of 
functioning in terms of their ability to take care of 
themselves in terms of daily activity and physical ability. 
Grade 0 and 1 describe patients who are able to perform 
the same activity before disease or patients, who, 
although with restrictions in performing physical activ-

Ablation Preserved liver function, 1 nodule <2cm

Resection Preserved liver function, 1 nodule

TACE Internmediate liver fuction, multiple 
nodules

Transplant Any liver function, 1 nodule <5 cm or 3 
nodules >3cm

Systemic therapy Preserved liver function, and in rarecase
intermediate liver function, advanced and 
metastatic stages

Bestsupportive care Terminal stages

Suspician of HCC

EASL criteria diagnosis or biopsy

Evaluation of liver function and performance status of the patient

Chosen of therapeutic option in function of prognosis

       . Fig. 42.6 Therapeutic algorithm
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ity, could nonetheless perform simple tasks. These cate-
gories are the ideal categories of patients who could 
undergo treatment, with a low risk of posttreatment 
complications.

Firstly, a CT scan of abdomen and thorax is manda-
tory to exclude major parenchymal involvement or dis-
tal metastases. The role of the CT can facilitate both the 
definition of a correct diagnosis and the evaluation of 
the relationship between nodules and both vascular and 
biliary structures. In case of major resection, it is man-
datory to calculate the amount of theoretical future 
remnant liver (FRL) through a CT 3D reconstruction 
[34]. FRL corresponds to the quantity of liver which 
should be preserved after surgery in order to be suffi-
cient to guarantee a normal liver function. In case of 
insufficient FRL, portal vein embolization [35] (selective 
occlusion of monolateral portal flow to obtain contra-
lateral hypertrophy of the liver) could be useful for its 
increase. In case of major resection, at least 40 % of 
FRL should be preserved in cirrhotic patients.

The most important aspect related to liver resection 
is the identification of appropriate candidates who could 
stand liver resection. A correct assessment of the 
patient’s general status and liver function must be per-
formed to reduce the risk of an uneventful postoperative 
course to a minimum. One of the main concepts in liver 
resection is the necessity to preserve a quantity of func-
tional liver parenchyma after surgery to avoid postop-
erative liver failure. This quantity of functional liver is 
called FRL, and it is calculated before surgery with an 
appropriate software. According to Couinaud’s classifi-
cation and the division of the anatomy of the liver in 
eight segments [36], minor liver resection is the defini-
tion used when ≤3 segments are resected, or there is a 
major resection involving >3 segments. According to 
these classifications, patients that can be considered for 

minor resection should be Child A with bilirubin levels 
≤2 mg/dL and an absence of ascites and with more than 
100.000/mm3 platelets. If  major resection indicated, cri-
teria for minor resection should be respected with the 
addition of bilirubin levels ≤1  mg/dL, the absence of 
portal hypertension, and portal vein embolization for 
future remnant liver of <40 %.

Surgical Technique
The aim of liver resection is to offer the best treatment 
with adequate resection margins [37]. A tumor-free mar-
gin of at least 1  cm should be guaranteed, with better 
results when there are more than 2 cm of margins. This is 
due to the necessity to remove the zone in which satellite 
nodule could be present and therefore inducing an early 
pathology recurrence. For the same reason, anatomical 
resection is preferred to nonanatomical resection [38] 
due to intrahepatic diffusion following portal vein pedi-
cle, which could be ideal in patients with inadequate liver 
function, in order to reduce the liver failure risk.

Liver resection needs an initial intraoperative ultra-
sound, in order to identify liver lesions and anatomical 
relation among liver lesion and vascular and biliary 
structure. Once assessed the resection feasibility and 
identified a surgical plan, liver resection could be per-
formed using different techniques and devices, to reduce 
blood loss and perform an easier hepatectomy [39]. In 
the majority of liver resections, a tape is passed around 
the round ligament in order to clamp the inflow (Pringle 
maneuver) of the liver and to control a possible intraop-
erative bleeding, even if  the duration of pedicle clamp-
ing is limited in time. More measures could be adopted 
to achieve a better control of bleeding, including vascu-
lar exclusion of the liver with pedicle clamping associ-
ated to caval and hepatic vein clamping, along with an 
important hemodynamic impact.

42.6.1.3  Laparoscopic Liver Surgery
In last 20 years, the improved accuracy and diffusion of 
laparoscopic liver surgery in combination with the 
development of new surgical tools have made liver resec-
tion easier and increasingly less invasive. Apart from the 
advantage of minimally invasive access on postoperative 
pain, laparoscopic liver surgery has been demonstrated 
to reduce intraoperative bleeding, leading to faster 
recovery and with the same short- and long-term onco-
logical results [40]. It is possible to associate liver resec-
tion and radiofrequency ablation. Recently, robotic 
surgery has increased the number and reproducibility of 
liver resection. In terms of percentage with robotic sur-
gery a 5-year disease-free survival is almost 45%, com-
pared with a 25% disease-free survival due to the high 
rate of recurrence and the presence of vascular invasion 
or microsatellite nodules, most of the time with the pres-
ence of liver cirrhosis.

       . Table 42.1 ECOG performance status

ECOG ECOG performance status

0 Fully active, able to carry on all pre-disease 
performance without restriction

1 Restricted in physically strenuous activity but able 
to move and to carry out tasks of  a light or 
sedentary nature, e.g., light house work, office work

2 Able to move and capable of  any personal tasks 
but unable to carry out any work activities; up and 
about for more than 50% of  waking hours

3 Capable of  only limited self-care; confined to bed 
or chair for more than 50% of  waking hours

4 Completely disabled; unable to carry on any 
self-care; totally confined to bed or chair

5 Dead
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42.6.1.4  Liver Transplant
Liver transplant offers a better (OS) (70 % at 5 years); it 
is limited by strict selection criteria and organ shortage. 
It’s indicated especially for HCC patients with impaired 
liver function.

HCC often onsets on a pathological liver condition. 
Even if  viral hepatitis reduced its frequency after the 
development of antiviral therapies, other causes includ-
ing fatty liver disease and alcohol still represent a fertile 
ground on which HCC can easily develop, compared to 
a non-pathological liver [41]. Transplant offers the pos-
sibility to treat both the cancer and the underlying dis-
ease. Unfortunately, not all patients with liver disease 
and HCC could benefit from liver transplant, due to 
organ shortage and to limited benefit of treatment for 
patients with advanced liver disease. For this reason, to 
optimize transplant benefits, some criteria have been 
established. The most common criteria are “Milan crite-
ria” [42], which consider the presence of any solitary 
HCC ≤5 cm, or up to three lesions ≤3 cm each, without 
vascular invasion or metastasis as the ideal candidate for 
liver transplant.

In order to treat patients who are beyond transplant 
criteria, it is possible to treat liver nodules in order to 
reduce tumor load, for example, with liver resection [43], 
or locoregional therapies, allowing the patients to fill 
translatability criteria. This strategy allows the HCC 
downstaging within Milan criteria in 40 % of patients 
outside criteria; however, posttransplant HCC recur-
rence rates are high at 16 % [44].

In order to allow more patients to be transplanted, 
some strategies have been considered to expand donor 
pools [45]: partial graft, deriving from living donor, or 
donor after cardiac death and recently, some tools as 

perfusion machine are used to improve the quality of 
grafts and to prolong their viability before being trans-
planted to recipient patients.

Even if  transplant centers are trying to expand the 
donor pool, one of the main problems of liver trans-
plant remains the dropout [46] of those patients waiting 
for liver transplant, in whom liver disease progresses.

Nowadays, surgery represents the only change of 
long-term survival in these patients. . Figure 42.7 is a 
summary of the characteristics of HCC patients able to 
underwent to surgery (. Fig. 42.7).

42.6.2  Locoregional Procedures

42.6.2.1  Ablation
HCC locoregional treatment [47] is gaining increasing 
treatment interest. Even if  surgical resection guarantees 
the possibility to ablate the tumor and eventually satel-
lite nodules, recent studies demonstrate that locore-
gional treatment leads to equivalent results. It could also 
be considered as a palliative treatment for patients who 
can’t undergo other treatments for HCC.

The most common ablation treatments are percuta-
neous ethanol injection (PEI), radiofrequency ablation 
(RFA), and microwave ablation (MWA). All these 
approaches are image-guided procedures, in most cases 
performed through ultrasound.

42.6.2.2  PEI
This procedure [48] needs to monitor the distribution of 
alcohol in the nodule to achieve the best results. The 
particularity of this procedure is the low cost of the 
material. It is feasible and safe, especially for lesions 

Number/dimension of nodules

1 nodule/<3 cm

Liver function

Satellite nodules/ 
Vascular invasion

NO

Evaluation of liver
function

YES

>40 %

<40 %

Liver resection

1 nodule/≤5 cm, or up 3 nodules ≤3 cm

Impared liver function

Trasplantation

CHILD-PUGH A

Portal Vein
embolisation

       . Fig. 42.7 Surgery: flow chart
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close to the bile duct or to the bowel, due to the non- 
transmission of energy during the procedure. In fact, 
alcohol is easily diffused in hyper vascularized 
HCC. Furthermore, it can be performed in patients with 
portal thrombosis.

42.6.2.3  RFA and MWA
RF [49, 50, 51] is considered the gold-standard ablation 
technique. Even if  transplantation and liver resection 
represents the best chance for patients concerning long- 
term survival, RF represents a valid alternative, and it 
could be used in association with resection or could be 
part of a downstaging treatment before liver transplant. 
Based on constant radiofrequency, energy-generated 
heat, it transmits the energy to the lesion and to sur-
rounding tissue. It can be performed in sedation or gen-
eral anesthesia. Under ultrasound control (. Fig. 42.8), 
the needle is placed in the middle of the lesion, to trans-
mit energy uniformly in and around the lesion. In case 
of more than one lesion, simultaneous treatment could 
be performed.

In literature, the best results are described for HCC 
Child A patients with lesions <3  cm, with long-term 
5-year OS (50–60 %) comparable to surgical resection 
and liver transplantation. Small solitary HCC can 
achieve 5-year OS of 85 %. It is associated with a shorter 
postoperative stay and lower mortality rate compared to 
resection [50].

MWA [52, 53] is a recent technique which proposes 
faster and more extensive ablation areas, allowing the 
treatment of larger lesions closer to large vessels and 
biliary structures.

42.6.3  TACE

TACE is a radiological technique which combines 
inflow occlusion of feeding artery tumor inflow with 

the locoregional therapy directly in the tumor area [35] 
(. Fig. 42.9). This treatment induces the local necrosis 
of the tumor associated with high intratumor concen-
tration of chemotherapy.

TACE could allow the treatment either of multiple 
nodules or a selective treatment of a single nodule. 
Moreover, when during the radiological evaluation of 
tumor response, the treatment results incomplete, it can 
be repeated, since it is well tolerated by liver function, 
due to the low impact on liver function. It is indicated 
for patients with liver disease associated with impaired 
liver function.

Herein (. Fig. 42.10), it is represented the summary 
of HCC patients features able to underwent to locore-
gional approaches.

42.6.4  Systemic Treatments

Even if  for the last 10 years, sorafenib was the only ther-
apeutic strategy, nowadays new tyrosine kinase inhibi-
tors [54] and immune checkpoint inhibitors [55] 
improved the survival of HCC patients.

42.6.4.1  Sorafenib
The efficacy of sorafenib, a small-molecule multitarget 
kinase inhibitor, in the treatment of advanced HCC has 
been demonstrated in two randomized phase III trials, 
the SHARP [56] study and the Asia-Pacific study [57]. 
Both studies enrolled patients not eligible for locore-
gional treatment (at diagnosis or after failure of any pre-
vious treatment) but with good hepatic function 
(Child-Pugh A). In both trials, sorafenib treatment 
(400 mg twice daily up to instrumental and clinical pro-
gression or unacceptable toxicity) resulted in a signifi-
cant prolongation of OS and time to progression (TTP). 

       . Fig. 42.8 Ultrasound guided ablation of  liver lesion

       . Fig. 42.9 TACE of  HCC of  right liver
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In absolute terms, the median survival prolongation was 
approximately 3  months in the SHARP study and 
approximately 2 months in the Asian study, but findings 
are only comparable in relative terms (hazard ratio 0.69 
and 0.68, 95 % CI 0.55–0.87, and 0.50–0.93, respec-
tively). On the basis of these results, sorafenib was 
approved by the EMA for the treatment of HCC in 
October 2007 (. Table 42.2).

The main adverse events of sorafenib are hand-foot 
skin reaction, hypertension, and diarrhea. Numerous 
studies have focused on the role of factors and biomark-
ers predictive and/or prognostic to response to sorafenib, 
but currently no marker is used in current clinical trials. 
The most interesting factors studied are the correlation 
between toxicity and response [58, 59], immune inflam-
mation indicators, and level of lactate dehydrogenase 
[60, 61, 62].

42.6.4.2  Lenvatinib
Recently, the results from a multicenter randomized 
non-inferiority phase 3 study comparing lenvatinib and 
sorafenib were published [63]. Patients with advanced 
HCC or HCC not recommendable for locoregional 
treatment and who had never received systemic treat-
ment were recruited and randomized to receive len-
vatinib (12  mg/day (body weight  ≥  60  kg) or 8  mg/
day (body weight < 60 kg) or sorafenib (400 mg twice 
daily for 28-day cycles). The primary endpoint was OS, 

Number/dimension of nodules

1 nodule/≤5 cm, or up 3 nodules ≤3 cm

Liver function

Ablation:
- Ethanol injection
- Radiofrequency ablation
- Microwave ablation

1 nodule/>5 cm, 1 nodule/≤5 cm, or up 2 
nodules, with one >3 cm,  or >3 nodules

CHILD-PUGH B

TACE

CHILD-PUGH A

Progression

Metastatic/child-pugh c

Sistemic therapy

       . Fig. 42.10 Locoregional procedures: flow chart

       . Table 42.2 Main TKI in use for HCC, lines of 
indication, survival, side effects

Drug Lines of 
indication

Overall 
survival in 
phase 3 
trial 
[Months 
(95 % CI)]

Adverse events

Sorafenib First 10.7 
(9.4–13.3)

Hand-foot skin 
reaction, 
hypertension, and 
diarrhea

Lenvatinib First 13.6 
(12.1–
14.9)

Hypertension, 
fatigue, diarrhea, 
joint and muscle 
pain

Regorafenib Second 10.6 
(9.1–12.1)

Breathlessness 
and looking pale, 
bruising, 
bleeding gums or 
nosebleeds, 
fatigue, 
hand-foot skin 
reaction

Cabozantinib Second 10.2 
(9.1–12.0)

Severe bleeding 
(hemorrhage), 
emesis, blood red 
or black tarry 
stool
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measured from the date of randomization to the date 
of death from any cause. Median survival time for len-
vatinib was 13.6 months (95 % CI 12.1–14.9), therefore 
not lower than sorafenib (12.3 months, 10.4–13.9; HR 
092, 95 % CI 0.79–1.06). Among secondary endpoints 
(progression- free survival [PFS] and TTP), although 
lenvatinib was superior to sorafenib, in the study design, 
the evaluation of the radiological response according to 
mRECIST was not centralized. Among adverse events 
of any grade, hypertension occurred more frequently in 
lenvatinib-arm patients (42 % vs. 30 %), while palmar- 
plantar erythrodysesthesia syndrome was more frequent 
in those treated with sorafenib, as expected. In conclu-
sion, lenvatinib did not result inferior to sorafenib in 
terms of OS in untreated advanced HCC.  The safety 
and tolerability profiles of lenvatinib were consistent 
with those previously observed (. Table 42.2).

42.6.4.3  Atezolizumab Plus Bevacizumab
IMbrave150 trial [64], a randomized double-blind phase 
III trial, evaluated the efficacy of atezolizumab plus bev-
acizumab versus sorafenib in first-line chemotherapy. 
Study meets the co-primary endpoint for OS and 
PFS.  Atezolizumab plus bevacizumab improved OS 
(hazard ratio [HR] 0.58; 95 % CI 0.42–0.79, p = 0.0006) 
and PFS (hazard ratio [HR] 0.59; 95 % CI 0.47–0.76, 
p  <  0.0001) with respect to sorafenib. mOS was not 
reach in atezolizumab plus bevacizumab arm compared 
to 13.2 months for sorafenib arm; PFS was 6.8 months 
in atezolizumab plus bevacizumab arm compared to 
4.3 months for sorafenib arm.

42.6.4.4  Regorafenib
In the RESORCE study [65], a randomized double-
blind phase III study, Child-Pugh A patients with 
advanced or intermediate HCC (the latter was not eligi-
ble for locoregional treatment) who had tolerated first-
line sorafenib at a dose of at least 400 mg/day for at least 
20 of the 28 days prior to discontinuation but had pro-
gressed during treatment were randomized to receive the 
best supportive therapy (BSC) in combination with oral 
regorafenib (160  mg once a day for 21  days of each 

4-week  cycle) vs. BSC and placebo. The primary end-
point was OS (defined as the time from randomization 
to death from any cause). Regorafenib improved OS 
(HR 0.63; 95 % CI 0.50–0.79, p < 0.0001). Median OS 
was 10.6  months (95 % CI 9.1–12.1) for regorafenib 
compared to 7.8 months (6.3–8.8) for placebo. Adverse 
events (AEs) were reported in all patients treated with 
regorafenib. In particular, the AEs with the highest 
grade (3 or 4) were hypertension (15 % in the regorafenib 
group vs. 5 % in the placebo group), hemorrhagic fever 
with renal syndrome (HFRS) (13 % vs.1 %), fatigue (9 % 
vs. 5 %), and diarrhea (3 % vs. no patient in the placebo 
group). In all additional efficacy endpoints (PFS, TTP, 
response rate [RR] and disease control rate [DCR]), 
regorafenib was statistically superior to placebo 
(. Table 42.2).

42.6.4.5  Cabozantinib
The CELESTIAL study [66], a randomized double- 
blind phase III trial, evaluated the efficacy of cabozan-
tinib in patients progressing on sorafenib. Cabozantinib 
improved OS (hazard ratio [HR] 0.76; 95 % CI 0.63–
0.92, p = 0.0049). mOS was 10.2 months (95 % CI 9.1–
12.0) for cabozantinib compared to 8 months (95 % CI 
6.8–9.4) for placebo. In addition to being statistically 
superior to placebo in terms of PFS, TTP, RR, and 
DCR, cabozantinib was also superior in terms of PFS 
and ORR (. Table 42.2).

42.6.4.6  Ramucirumab
REACH-2 trial [67], a randomized double-blind phase 
III trial, evaluated the efficacy of ramucirumab versus 
placebo sorafenib in patients progressing on sorafenib 
with α-fetoprotein concentrations of 400  ng/mL or 
higher. Study meets the primary endpoint for OS. 
Ramucirumab improved OS (hazard ratio [HR] 0.71; 
95% CI 0.53–0.95, p  =  0.0199). mOS was 8.5  months 
(95% CI 7.0–10.6) for ramucirumab compared to 
7.3 months (95% CI 5.4–9.1) for placebo. In addition, to 
confirm the better results compared to placebo in terms 
of PFS, no difference was found in terms of DCR.
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 Case Study

Man: 55 years old
 5 Family history: negative for malignancies
 5 APR: treated HCV infection, cirrhosis

 5 Blood test: normal liver function test, Child A, Meld 8, 
Afp 200 ng/mL

 5 TC abdomen and MRI: lesion of 24 × 20 × 22 mm in 
segment 4, confirmed for HCC

 

Question

What action should be taken?
1. Surgery
2. RFA
3. Others

Answer

 A. Liver resection, if  possible laparoscopy
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Question

Which is the best follow-up?
1. CT scan every 3 months
2. Nexavar
3. Others

Answer

1. CT scan

Question

Which is the best treatment in case of recurrence?
1. Liver resection
2. Liver transplant
3. Others

Answer

2. In case of recurrence, treatment of choice should be 
liver transplant, which guarantees best overall and 
disease-free survival.

 Case Study

Man: 75 years old
 5 Family history: negative for malignancies
 5 APR: treated HCV infection, cirrhosis, PS 2
 5 Blood test: normal liver function test, Child A, Meld 8, 

Afp 500 ng/mL
 5 TC abdomen and MRI: lesion of 15 × 10 × 12 mm in 

segment 6, confirmed for HCC

 

Question

Which is the best treatment of choice?
1. Resection
2. RFA
3. Others

Answer

1. RFA in consideration of performance status of patient 
and small size of the lesion. Results are comparable to 
liver resection, with better postoperative outcome in 
such a fragile patient.

Question

Which is the best treatment in case of recurrence?
1. Liver resection
2. RFA
3. Others

Answer

2. In case of recurrence, treatment of choice should be 
radiofrequency ablation or TACE in case of multinod-
ular lesions

 R. Memeo et al.
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Advanced/metastatic disease

CHILD-PUGH A/selected cases of CHILD-PUGH B

Sorafenib (I line)

Regorafenib (II line)

Un�t CHILD-PUGH B/CHILD-PUGH C

Best supportive careLevantinib (I line)

Cabozantinib (II line)

Progression

Evaluation for cancer immunotherapy

Progression Progression

       . Fig. 42.11 Systemic therapy: flow chart

42.7   Future Perspectives

Even if  new molecular approaches have been experi-
mented, only slightly significant improvements have 
been achieved in survival. Therefore, clinicians need to 
both identify new therapeutic approaches and select 
patients suitable for these treatments.

Moreover, it must be pointed out that cancer immu-
notherapy is the new open option for solid treatments. 
Different clinical trials evaluating the role of immuno-
therapy in treating HCC have been conducted. Initial 
promising results have been obtained among cytokine-
induced killer cells and immune checkpoint inhibitors in 
the adjuvant setting and advanced stages, respectively. 
Anyway, there are several ongoing trials, the results of 
which appear intriguing. Conclusively, since the liver 
immune system the plays an important role in immune 
tolerance, the possibility of unmasking these mecha-
nisms can be a winning weapon in HCC, so immuno-
therapy [68] will represent the future therapy in this 
cancer (. Fig. 42.11).

42.8   Highlights

Hepatocellular carcinoma (HCC) is the most common 
type of primary liver cancer in adults.

It occurs in the setting of chronic liver inflammation, 
mostly linked to chronic viral hepatitis B or C.

Hepatic carcinogenesis occurs in stages in 90% of 
cases: the lesion progresses from regenerative micronod-
ule to regenerative macronodule.

Suspicious nodules should be evaluated with 
contrast- enhanced MRI and/or CT scan to identify a 
diagnostic pattern typical of HCC

One of the most important moments in the onset of 
an HCC is the possibility to achieve a correct staging of 
the cancer to choose the best therapeutic option. 
Currently, the most common staging system for HCC is 
the Barcelona Clinic Liver Cancer (BCLC) system, 
which determines cancer stage and patient’s prognosis 
based on tumor burden, severity of the diseases, and 
patient’s performance status

Very early and early stage (BCLC 0 and BCLC A) in 
patients with solitary lesion or up to three nodules 
≤3 cm (no macrovascular invasion or extrahepatic dis-
ease). In this case patients can benefit from potentially 
curative treatment (resection, transplant, or ablation).

In case of intermediate stage HCC (BCLC B), in 
asymptomatic patients with multifocal HCC, without vas-
cular invasion or extrahepatic disease, patients could be 
candidate for transarterial chemoembolization (TACE).

In case of multifocal HCC with vascular invasion or 
extrahepatic disease, systemic treatment with tyrosine 
kinase inhibitor (sorafenib/lenvatinib) or in the next future 
with atezolizumab plus bevacizumab it could be suggested.

Different clinical trials evaluating the role of immu-
notherapy, antiangiogenic, and TKI or their combina-
tions in treating HCC have been conducted.
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Expert Opinion
Vito Di Marco
1. Hepatocellular carcinoma is one of  the leading causes 

of  cancer on cirrhotic patients.
2. Many different approaches are available, depending 

on tumor diffusion and status of  the patient.
3. To date, sorafenib and regorafenib are the approved 

therapies in advanced HCC. Levantinib and cabozan-
tinib could represent other therapies that have shown 
efficacy in advanced HCC.  Even if  new molecular 
approaches have been experimented, only slightly sig-
nificant improvements have been achieved in survival. 
Therefore, clinicians need to both identify new thera-
peutic approaches and select patients suitable for 
these treatments.

4. Moreover, it must be pointed out that cancer immu-
notherapy is the new open option for solid treatments. 

Different clinical trials evaluating the role of  immu-
notherapy in treating HCC have been conducted. 
Initial promising results have been obtained among 
cytokine-induced killer cells and immune checkpoint 
inhibitors in the adjuvant setting and advanced 
stages, respectively. However, there are several ongo-
ing trials, the results of  which appear intriguing. 
Conclusively, since the liver immune system plays an 
important role in immune tolerance, the possibility of 
unmasking these mechanisms can be a winning 
weapon in HCC, so immunotherapy will represent the 
future therapy in this cancer.

Recommendations
 5 ESMO
7 https://www.esmo.org/Guidelines/Gastrointestinal-
Cancers/Hepatocellular-Carcinoma
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