
237© Springer Nature Switzerland AG 2020 
R. S. Rahimi (ed.), The Critically Ill Cirrhotic Patient, 
https://doi.org/10.1007/978-3-030-24490-3_13

Chapter 13
The Management of Hepatocellular 
Carcinoma

Robert R. McMillan and Vatche G. Agopian

 Epidemiology

Hepatocellular carcinoma (HCC), the most common primary malignancy of the 
liver, is the fifth most common neoplasm and the second leading cause of cancer 
death worldwide, resulting in approximately 800,000 deaths per year [1, 2]. The 
case fatality ratio of HCC is 0.8, with the number of new cases nearly similar to the 
number of deaths each year, equivalent to pancreatic cancer [3]. The highest inci-
dence areas worldwide are in East Asia and sub-Saharan Africa, with incidences of 
24.2/100,000 and 35.5/100,000, respectively [4].

Unlike most common cancers, which have seen a reduction in death rates, the 
incidence and number of deaths due to HCC have increased in the United States. 
Between 2000 and 2012, the age-adjusted incidence of HCC in the United States 
increased from 4.4/100,000 to 6.7/100,000, more than four times the incidence of 
1.6/100,000 in 1976 [5, 6]. In parallel to the rising incidence, there has been a two-
fold increase in deaths due to HCC between 1999 and 2016 [7]. These trends are 
driven by the high rate of hepatitis C virus (HCV) in the “Baby Boomers” birth 
cohort from 1945 to 1964, where researchers estimate HCC cases due to HCV will 
peak in 2020 [8], as well as the epidemic of nonalcoholic fatty liver disease 
(NAFLD).

HCC is unique in that >90% of cases are associated with some form of underlying 
chronic liver disease and/or cirrhosis. Risk factors for developing HCC include 
chronic viral hepatitides (hepatitis B virus [HBV] and HCV), alcoholic liver disease, 
diabetes, NAFLD, and less common causes of cirrhosis such as hereditary hemo-
chromatosis [8]. Worldwide, over 50% of cases of HCC are due to HBV, followed by 
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HCV, which accounts for approximately 20% [9]. While chronic viral hepatitis is 
implicated as the etiologic factor in the development of the majority of HCC, these 
risks are now modifiable in light of both vaccination efforts and antiviral therapies. 
Efforts to reduce HBV rates with universal vaccination efforts have been effective in 
reducing HCC mortality in high incidence areas, such as Taiwan and East Asia [10]. 
Furthermore, the recognition that the risk of HCC in patients with HBV is higher in 
patients who have higher HBV DNA viral load [11] underscores the importance of 
aggressive HBV antiviral therapy, which results in a 50–60% risk reduction of HCC 
following successful treatment [12, 13]. However, inactive carriers with no viral load 
(HbcAb positive, HbsAb negative) remain at higher risk than patients without HBV, 
with an annual incidence of 0.06% versus 0.02% [14]. Regarding HCV, the risk of 
HCC in patients achieving a sustained virologic response (SVR), which is consid-
ered a virologic cure, is lower than patients who do not achieve SVR, whether SVR 
is achieved by interferon or directly acting antivirals (DAAs) [15–17]. Even after 
achieving SVR, patients with HCV who have cirrhosis will develop HCC with an 
incidence of approximately 1% per year [18, 19]. DAAs for HCV may lead to a 
reduction in HCC over the next 1–2 decades, with the degree of this impact depend-
ing on the availability of these medications [17].

NAFLD, an increasingly important etiologic factor in the development of HCC, 
warrants specific discussion. NAFLD has become the most common cause of 
chronic liver disease in the developed world, and it is a rising cause of HCC-related 
liver transplant in the United States [20]. The prevalence of NAFLD is higher among 
Latinos compared to other ethnic groups in the United States [21]. Diabetes mellitus 
is commonly found in patients with NAFLD and is itself associated with a two- to 
threefold increase in the risk of developing HCC [22]. Perhaps most alarmingly, 
HCC has been found to arise in NAFLD patients without established cirrhosis, com-
plicating surveillance recommendations for this specific group of patients. Recently, 
Mittal and coworkers reviewed a national cohort of VA patients with HCC and 
found 13% of patients with HCC did not have cirrhosis, with NALFD accounting 
for approximately 1/3 of patients with noncirrhotic HCC [23]. Additional research 
is required to define high-risk subgroups with NAFLD to facilitate surveillance and 
early disease detection.

 Pathophysiology

HCC most commonly forms in the setting of liver injury, whereby hepatocyte dam-
age results in genomic instability and transformation into HCC. The great majority 
of HCC, approximately 80–90%, develops in the context of cirrhosis. Among 
patients with established cirrhosis, the annual incidence of HCC is 3–8% [24].

The common denominator for the development of HCC is thought to be the 
ongoing inflammation and cell turnover in patients with cirrhosis and can be due to 
viral hepatitis, alcoholic or nonalcoholic steatohepatitis (NASH), or other disease 
processes that lead to injury and repair. In this setting, patients develop precancer-
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ous dysplastic nodules which may be low or high grade, based on degree of cellular 
atypia. The presence of stromal invasion differentiates HCC from dysplastic nod-
ules [25]. In patients without cirrhosis, there are discrete alternate pathways for the 
development of HCC. The DNA virus HBV integrates its DNA randomly into the 
host hepatocyte genome and may directly contribute to the development of HCC via 
activation of oncogenes or inactivation of tumor suppressor genes. The viral regula-
tory protein HBx causes cell cycle dysregulation via chromatin remodeling and 
abnormal transcription activity, leading to cell proliferation [26]. Aflatoxins, car-
cinogens produced by Aspergillus molds, contaminate agricultural crops in devel-
oping nations and can lead to HCC. Aflatoxin directly binds to DNA, forming DNA 
adducts that cause DNA strand breakage and mutations in the p53 tumor suppressor 
gene [27, 28]. Malignant transformation of hepatic adenomas into HCC has been 
associated with mutations TERT and CTNNB1 genes [29].

More recently, there have been numerous studies detailing the genetic landscape 
of HCC using next-generation sequencing methodologies that have allowed for 
detailed genomic and transcriptomic molecular analyses of HCC.  HCC lesions 
carry numerous somatic mutations, with an average of 40–60 alterations in protein- 
coding areas of the genome [29]. Study of recurrent mutations has shown common 
mutations in pathways for telomere maintenance, cell cycle signaling, WNT-β- 
catenin signaling, epigenetic chromatin modification, receptor kinases, and oxida-
tive stress [29–32]. At present, a minority of HCC tumors harbor potentially 
targetable mutations with available agents [33]. As the molecular landscape of HCC 
becomes better defined, HCC treatment may become more individualized, with per-
sonalized treatments targeting patient-specific aberrations.

 Diagnosis and Staging

 Surveillance and Diagnosis

The majority of patients diagnosed with HCC present with advanced disease, with 
60–70% presenting with disease not amenable to surgical resection (SR) or liver- 
directed therapies [34]. Because 80–90% of HCC develops in patients with underly-
ing advanced liver disease, there is an opportunity to impact mortality with early 
detection. The very purpose of HCC surveillance is to reduce mortality by detecting 
disease at a treatable stage. The American Association for the Study of Liver 
Diseases (AASLD) and the European Association for the Study of the Liver (EASL) 
have promulgated guidelines for surveillance for HCC, which inform the discussion 
of surveillance in this chapter [35, 36] (Table 13.1).

A requirement for effective surveillance is first identifying high-risk patient 
groups who are appropriate for testing. Cost-effectiveness studies have defined an 
appropriate incidence for surveillance at 1.5%/year [37]. High-risk groups meeting 
these criteria include patients with established cirrhosis due to any underlying etiol-
ogy. Other high-risk groups include noncirrhotic patients with HBV who have 
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 specific features. Noncirrhotic HBV patients from Asia or Africa and patients with 
higher levels of HBV replication or active hepatitis are appropriate for surveillance 
[38, 39]. The Platelet, Age, Gender, Hepatitis B (PAGE-B) system may help define 
which patients with HBV are intermediate or high risk and merit surveillance. 
PAGE-B scores are based on a decade of age, gender, and platelet count, and scores 
10–17, and ≥18, correspond to intermediate and high risk [40]. Patients with chronic 
HCV and bridging fibrosis without cirrhosis have also been recommended for sur-
veillance, due to the difficulty identifying progression from fibrosis to cirrhosis, as 
well as the possibility of understaging liver disease [41]. Lastly, patients with 
chronic HCV with advanced disease who have achieved SVR merit surveillance as 
they continue to be at risk for HCC. Because advanced liver failure prevents the use 
of many HCC therapies due to debility, surveillance is not recommended for patients 
with decompensated Child-Pugh B or C cirrhosis who cannot tolerate liver-directed 
or systemic therapies [35, 36].

An evolving area of particular concern is the appropriate recommendation for 
surveillance in patients without cirrhosis who have NAFLD. There is an increasing 
surge of NAFLD-related HCC cases occurring in patients without cirrhosis. 
However, due to the high prevalence of NAFLD and lack of specific high-risk 
NAFLD features, recommending universal surveillance is challenging [42]. 
Furthermore, ultrasound has lower sensitivity to detect tumor in patients with obe-
sity, and routine surveillance using computed tomography (CT) or magnetic reso-
nance imaging (MRI) would make health costs prohibitive [35]. At present, neither 
AASLD nor EASL recommends surveillance for noncirrhotic NAFLD. Research to 
define high-risk subgroups among patients with noncirrhotic NAFLD could make 
targeted surveillance more cost-efficient and effective.

Surveillance testing incorporates imaging and serologic studies. The most com-
mon imaging test for HCC surveillance is ultrasound (US). Studies investigating the 
effectiveness of US have found sensitivity ranging from 58% to 89% and specificity 

Table 13.1 AASLD and EASL surveillance guidelines

AASLD EASL

Target patient 
groups

Cirrhotic patientsa Cirrhotic patientsa

Chronic HBV infectionb

Chronic HCV with bridging fibrosis
Surveillance 
testing

US +/− AFP, every 6 months US every 6 months

Diagnostic 
testing

CT or MRI, using LI-RADS criteria, 
for cirrhotic patients

CT or MRI, using li-RADS criteria, 
for cirrhotic patients

Biopsy for noncirrhotic patients or 
cirrhotic patients with nondiagnostic 
imaging

Biopsy for noncirrhotic patients or 
cirrhotic patients with nondiagnostic 
imaging

aPatients with decompensated cirrhosis who are ineligible for curative therapies are excluded from 
surveillance
bHigh-risk factors to consider for screening include PAGE-B score ≥10, active viral replication, 
geographic origin (e.g., Asia and Africa), increased age, and male gender
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higher than 90% [43]. The coarse echotexture of the cirrhotic liver presents a chal-
lenge to the ultrasonographer, and technician experience and quality of equipment 
impact US efficacy. Though more sensitive than US, CT and MRI are not recom-
mended as surveillance due to their increased cost and a higher rates of false posi-
tive findings [44]. Both EASL and AALD recommend biannual US for high-risk 
groups. For lesions ≥1 cm discovered on ultrasound, further characterization with 
multiphase CT or MRI is recommended [36]. Lesions <1  cm are followed with 
ultrasound or other diagnostic imaging in 3-month intervals.

Serologic studies used to detect HCC include serum alpha-fetoprotein (AFP), the 
lectin-binding subfraction of AFP (AFP-L3), and des gamma carboxyl prothrombin 
(DCP), also known as protein induced by vitamin K absence/antagonist-II (PIVKA 
II). AFP is the most common serologic study used for surveillance, and some stud-
ies have shown an added sensitivity when AFP is used in addition to ultrasound [45, 
46]. AASLD guidelines permit the inclusion of AFP in surveillance programs, but 
the guidelines do not go so far as to recommend universal AFP testing. AASLD 
guidelines recommend an AFP cut-off of 20 ng/mL for high-risk patients when it is 
used, which provides sensitivity of ~60% and specificity of ~90% [47]. EASL does 
not recommend inclusion of AFP in surveillance, citing studies that report a limited 
improvement in disease detection of only 6–8% of cases not already detected by US 
[48]. AFP-L3 and PIVKAII are novel biomarkers produced by HCC with promising 
predictive value. The Gender, Age, AFP-L3, AFP, and DCP (GALAD) model incor-
porates both AFP-L3 and PIVKAII, along with AFP to predict the risk of HCC 
development with a c-statistic of 0.88 [49]. These biomarkers are considered inves-
tigational until they are validated in larger study groups.

The diagnosis of HCC can be made with imaging studies or tissue biopsy. 
Imaging alone is sufficient to make the diagnosis of HCC in the vast majority of 
patients with underlying cirrhosis. The Liver Imaging Reporting and Data System 
(LI-RADS) has standardized the interpretation and reporting of liver lesions among 
patients with cirrhosis, providing a uniform method to diagnose HCC [50] 
(Table 13.2). For cirrhotic patients who undergo dynamic contrast-enhanced CT or 
MRI imaging, liver lesions meet the diagnostic criteria for HCC, a LI-RADS 5 
lesion, if they exhibit nonrim-like arterial hyperenhancement and one of the follow-
ing characteristics: nonperipheral “washout” in the venous phase of imaging, a 
≥50% size increase in less than 6 months, and if the lesion size is ≥20 mm with an 
enhancing capsule [43]. The LI-RADS system is not validated to make the diagno-
sis of HCC in noncirrhotic patients. For noncirrhotic patients, EASL recommends 
tissue pathology to make the diagnosis of HCC. Biopsy is also an option to make a 
diagnosis in cirrhotic patients with nondiagnostic imaging. The risks of biopsy 
include bleeding and seeding of tumor along the biopsy needle tract. Historical rates 
of tumor seeding range from 0.6% to 5.1%. Due to these risks, AASLD guidelines 
recommend against routine biopsy of all indeterminate lesions. However, centers 
using new coaxial biopsy techniques have reported series with zero cases of tumor 
seeding after biopsy [51]. At present, biopsy represents a viable option for patients 
with lesions concerning for HCC, whose imaging remains nondiagnostic.
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 Clinical Presentation and Staging

The clinical presentation of HCC can be quite variable, depending on a patient’s 
degree of medical follow-up and the natural history of the disease at the time of 
diagnosis. Patients who undergo surveillance may be asymptomatic at the time of 
diagnosis, while patients with advanced HCC tumors may have local or systemic 
symptoms. Unfortunately, up to 60–70% of patients present with advanced disease 
[34]. Among patients with advanced disease, 75–90% have right upper quadrant 
abdominal pain, weight loss, and palpable mass [52]. Jaundice occurs in 19–44% of 
patients with HCC. The majority of cases with jaundice result from liver decompen-
sation in the cirrhotic patient, and 1–12% are due to obstruction of the biliary sys-
tem [53]. The most radical presentation of HCC is tumor rupture. Spontaneous 
rupture is life-threatening and accounts for 6–10% of patient deaths from HCC. The 
best treatment of rupture is transarterial embolization, as emergency hepatic surgery 
carries increased risk of mortality [54, 55].

Extrahepatic disease often occurs in cases of advanced HCC. The most common 
sites of extrahepatic disease are the lung (38–55%), abdominal lymph nodes (20–
41%), and the bone (25–38%). Other less common sites of disease include the adre-
nal gland (8%) and the brain (1%) [56–59]. Large primary tumor size, vascular 
invasion by tumor (e.g., portal vein thrombus), and elevated serum AFP >1000 ng/
dL have been associated with the presence of extrahepatic disease [60, 61]. 
Extrahepatic lesions may be detected by cross-sectional imaging during surveil-
lance or by studies ordered for signs and symptoms such as bone pain, lymphade-
nopathy, and elevated AFP.  Appropriate testing to detect extrahepatic disease 
include CT of the chest, nuclear medicine bone scintigraphy, and 
18F-fluorodeoxyglucose positron emission tomography (PET scan) [62]. Metastatic 
disease is the direct cause of patient death in a minority of patients. In their series of 
324 patients with extrahepatic disease, Uchino and colleagues found 23 (7.6%) 
patients expired as a direct result of extrahepatic disease, with the majority of 
patients succumbing due to their primary HCC (273 patients, 90.7%) or liver failure 
(13 patients, 4.3%). The median survival for patients with metastatic disease is 
7–8 months [61].

Compared to other GI malignancies, treatment recommendations for HCC are 
particularly nuanced because the patient’s underlying liver function weighs heavily 
in determining the most appropriate treatment. Numerous clinical staging systems 
have focused on assigning a treatment algorithm based on incorporation of both the 
extent of tumor involvement and measures of underlying liver function such as 
Child-Pugh status, performance status, and laboratory evaluations, with two of the 
more popular algorithms being the Okuda and Barcelona Clinic Liver Cancer 
(BCLC) staging systems.

The Okuda staging system was proposed in 1984, as the first staging system to 
incorporate tumor extent and liver function [63]. The Okuda system includes tumor 
size (≤50% or >50% of the entire liver), the presence or absence of ascites, albumin 
level ≤3 or >3 g/dL, and serum bilirubin level ≤3 or >3 mg/dL. Depending on how 
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many factors are present, clinicians categorize patients by Okuda stage: Stage I: not 
advanced; Stage II: moderately advanced; and Stage III: very advanced. The Okuda 
stages accurately discriminated survival in a validation cohort, with median survival 
of Stage I patients at 11.5  months, Stage II patients at 3  months, and Stage III 
patients at 0.9 months. Hepatic failure and gastrointestinal bleeding accounted for 
the majority of deaths in the series, rather than direct complications of malignancy.

The BCLC system is the most commonly used treatment algorithm-based stag-
ing system. BCLC was proposed in 1999, and it takes into account extent of tumor, 
liver function, physical status, and cancer-related symptoms [64] (Fig. 13.1). BCLC 
stages patients into five categories— very early stage (0), early stage (A), intermedi-
ate stage (B), advanced stage (C), and terminal stage (D). Unique among staging 
systems, BCLC offers treatment recommendations by stage. EASL guidelines 
endorse BCLC as the preferred staging system because it has been externally vali-
dated in different clinical settings and it has been shown to be adaptable with the 
addition of new clinical data [65, 66]. Since its original iteration, BCLC researchers 
have added Stage 0 (very early HCC) and new additional treatment modalities with 
transarterial chemoembolization (TACE) for intermediate HCC and sorafenib for 
advanced disease [67]. Current areas of further refinement for the BCLC include 
efforts to improve the discrimination and stratification of patients with BCLC-B and 
BCLC-C diseases, as the current categories include a wide range of patients with 
different liver function and tumor burden.

For HCC patients eligible for surgical resection or liver transplantation, patho-
logic staging is performed using the American Joint Committee on Cancer (AJCC) 
Tumor, Node, and Metastasis (TNM) staging system. The AJCC published the most 
recent iteration of the TNM staging system in 2017 (eighth edition), which featured 
changes to the primary tumor (T) classification [68] (Table 13.3). In their multi- 
institutional, retrospective study of 1109 patients, Shindoh and coworkers found 
tumors ≤2 cm with MVI did not have worse survival than tumors ≤2 cm without 
MVI (p = 0.8), although MVI was associated with worse survival in larger tumors [ 
69]. As a result, The AJCC eighth edition of the HCC TNM staging system subdi-
vides T1 and T2 staging to account for these data. The TNM staging system is the 
only staging system validated to predict outcome after resection and transplantation 
[69–71].

 Locoregional Therapy

Locoregional therapy (LRT) refers to nonsurgical treatment of HCC that aims to 
destroy tumors and includes ablative and transarterial therapies, as well as external 
beam radiation therapy. The indications for LRT include definitive curative-intent 
therapy for very small HCC, “bridging” therapy for patients wait-listed for liver 
transplantation (LT) to mitigate tumor progression and wait-list dropout, “down-
staging” therapy for patients whose extent of disease is outside of criteria for surgi-
cal resection or LT, and destination therapy to prolong survival in patients with 
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locally advanced disease who are not candidates for surgical resection or LT. Patient 
selection for LRT is guided by the extent of disease and the patient’s hepatic 
reserve. General contraindications to LRT include decompensated cirrhosis (e.g., 
ascites, encephalopathy, or other symptoms of portal hypertension), MELD>20, 
and elevated total bilirubin >3 mg/dL [72–74]. Tumor location and the presence of 
portal vein thrombosis (PVT) affect treatment decisions regarding treatment 
modality.

 Ablative Therapies

Methods of ablative therapy include percutaneous ethanol injection (PEI), radiofre-
quency ablation (RFA), and microwave ablation (MWA). Ablative techniques 
require the placement of an electrode or applicator, which is performed percutane-
ously or intraoperatively. Laparoscopic ablation may be employed for tumors in 
difficult locations, such as for subcapsular tumors. For accurate percutaneous place-
ment of the ablation device, operators may use US or CT, according to personal 
experience and preference.

PEI was the first established ablative technique. It causes coagulative necrosis in 
the tumor, with outcomes of complete necrosis in 90% of tumors <2 cm [75, 76]. 
Disadvantages of PEI include unequal distribution of ethanol within the tumor and 
poor tissue diffusion of ethanol in the cirrhotic liver, limiting the zone of necrosis. 
Meta-analyses of randomized controlled trials (RCTs) have compared PEI to RFA, 
and RFA has been shown to be superior to PEI for overall survival (OS), disease- 
free survival, and recurrence [77, 78]. In one representative study, Germani and 
coauthors found the hazard ratio (HR) of death was 0.53 for RFA versus PEI, with 
the odds ratio for local recurrence strongly favoring RFA (0.27 for RFA compared 
to PEI) [79].

HCC in cirrhotic liver

Intermediate stage (B)
Multinodular,
unresectable

Preserved liver function1,
PS 0

Early stage (A)
Single or 2–3 nodules <3 cm
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Fig. 13.1 BCLC Staging Systems. (From Galle et al. [35])
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RFA achieves coagulative necrosis and tumor death by generating frictional heat 
through high-frequency alternating current. A zone of necrosis forms around the 
tumors, which may explain the lower rate of local recurrence for RFA over PEI. RFA 
has been used as definitive therapy for early stage HCC (BCLC 0 and BCLC A), 
with 5-year overall survival (OS) and recurrence-free survival of 67.9% and 25.9%, 
respectively [80]. There have been meta-analyses comparing RFA to surgery for 
solitary, small HCC. A recent Cochrane review showed no difference in overall 
mortality between surgery and RFA (HR 0.80, CI 0.60–1.08) but improved cancer- 
related mortality at maximal follow-up for patients who had surgery (or 0.35, CI 
0.19–0.65) [81]. At present, EASL guidelines state RFA offers “competitive results” 
with respect to surgery for HCC lesions ≤2 cm [35]. Furthermore, EASL guide-
lines state surgery is acceptable for any size lesion, and AASLD guidelines recom-
mend surgery over RFA for patients who are resectable (see section “Surgical 
Resection”) [35, 36]. The risk of tumor progression after RFA increases with 
increasing tumor size, with an increased risk of local tumor recurrence/progression 
for tumors >2 cm compared to those which are ≤2 cm (3-year rate 17.6% vs. 5.1%, 
p < 0.001) [76, 82, 83]. These larger tumors present a challenge to RFA. LRT treat-
ment strategies for tumors that are 3–5 cm have been developed to address this, 
including multi-polar RFA and combination of RFA with transarterial chemoembo-
lization (TACE; see section “Transarterial therapies”) [84–86]. Meta-analyses of 
combination RFA and TACE show improved OS compared to RFA alone, with a 
statistically significantly higher or of survival at 1, 2, and 3 years of 2.96, 3.72, and 
2.65, respectively [86].

MWA has emerged as a new ablative technique to treat HCC. MWA uses elec-
tromagnetic energy to heat tissue and destroy tissue. Compared to RFA, MWA is 
less affected by the “heat sink” effect of adjacent vasculature. Studies have com-
pared MWA to RFA, though no RCTs exist at this point. All studies to date have 
found no statistically significant difference in OS between the two modalities 
[87, 88].

Table 13.3 AJCC staging system (eighth ed.)

Stage T N M

T category N category IA T1a N0 M0
T1a—Single tumor ≤2 cm N0—No lymph node 

metastasis
IB T1b N0 M0

T1b—Single tumor >2 cm without vascular 
invasion

N1—Any lymph 
node metastasis

II T2 N0 M0

T2—Single tumor >2 cm with vascular 
invasion, or multiple tumors, none >5 cm

M category IIIA T3 N0 M0

T3—Multiple tumors, at least one of which 
is >5 cm

M0—No distant 
metastasis

IIIB T4 N0 M0

T4—Tumor involving major branch of PV or 
HV or direct invasion of adjacent organs

M1—Distant 
metastasis

IVA Any T N1 M0
IVB Any T N0 M1
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 Transarterial Therapies

Transarterial therapies for LRT include bland transarterial embolization (TAE), 
transarterial chemoembolization (TACE), and transarterial radioembolization 
(TARE) with yttrium-90 (Y90) microspheres. General indications for transarterial 
therapy include BCLC-B patients or patients with multifocal or large tumors >2 cm. 
Contraindications to transarterial therapy are similar to those listed above for abla-
tive therapy. An additional consideration arises in patients with PVT. Because the 
liver relies on dual blood supply from the portal vein and hepatic artery, patients 
with HCC who have PVT are contraindicated to undergo TACE and TAE to prevent 
damaging liver ischemia. In contrast, TARE with Y90 uses smaller particles for 
embolization and causes less arterial ischemia. TARE with Y90 has been shown to 
be safe when used in patients with PVT. [89]

TACE is the EASL recommended therapy for patients with BCLC-B stage HCC 
[35]. TACE takes advantage of the neo-angiogenesis of HCC tumor development by 
allowing targeted intra-arterial administration of chemotherapy, followed by embo-
lization of arterial vessels feeding the tumor, causing a cytotoxic and ischemic 
injury to the tumor. The most common chemotherapeutic drugs used in TACE are 
doxorubicin and cisplatin. A newer modification of TACE uses drug-eluting beads 
(DEB), which may reduce systemic exposure to chemotherapy. The survival benefit 
of TACE compared to best supportive care has been shown in two RCTs [90, 91]. 
Patients with unresectable HCC who received TACE achieved a 2-year survival that 
ranged from 31% to 63%, compared to 11–27% among the control group. Modern 
series have achieved a median survival of 40–50 months using more stringent selec-
tion of patients with asymptomatic Child Class A or B cirrhosis, uni- or pauci- 
nodular disease, and no vascular invasion or metastases [92–94]. Complications of 
TACE include postembolization syndrome (PES; affecting 60–80%), liver failure 
(7.5%), hepatic abscess (2%), gastroduodenal ulceration (3–5%), renal dysfunction 
(2%), and rare complications such as pulmonary and cerebral embolization, 
 interstitial pneumonia, and access-related complications [73, 95, 96]. PES, the most 
common complication, occurs due to a complex pathogenesis involving the direct 
effects of chemotherapy, tumor necrosis, and effects of hypoxia on normal liver 
parenchyma. Manifestations of PES include liver enzyme abnormalities, fever, 
hematological/bone marrow toxicity, pain, and vomiting, which may persist for 
7–10 days but are otherwise self-limiting.

TARE employs techniques similar to TACE but uses microspheres containing 
radioactive substances like Y90 to emit high-energy radiation directly to HCC 
tumors. The TARE therapy requires coordination with interventional radiologists, 
nuclear medicine specialists, radiopharmacists, and physicists. In its current itera-
tion, TARE requires a pretreatment session of angiography with the injection of 
99Tc macroaggregated albumin to calculate the dose to the HCC tumor and the 
amount of affected adjacent liver tissue and degree of hepatopulmonary shunting. 
Severe pulmonary shunting may contraindicate TARE in some patients. Studies of 
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long-term outcomes have shown median survival times for patients with 
intermediate- stage disease of 16–17 months and 10–12 months for patients with 
advanced disease [74, 97, 98]. At present, RCTs comparing TARE and TACE do not 
exist; however, retrospective studies comparing TARE and TACE have shown lon-
ger time to tumor progression (26 vs. 6 months) and improved quality of life with 
TARE [99–101].

 External Beam Radiation Therapy

Historically, external beam radiation therapy (XRT) has not played a major role in 
the treatment of HCC. However, with technological advances allowing focal admin-
istration of ablative doses of radiation, termed stereotactic body radiation therapy 
(SBRT), radiation therapy has become an effective LRT modality for HCC.

Early use of XRT for liver cancer required large fields, which resulted in rates of 
radiation-induced liver disease (RILD), a progressive veno-occlusive disorder often 
resulting in mortality or serious morbidity, of >40% [102]. The development of 
three-dimensional conformal radiation therapy has allowed high doses of radiation 
to smaller fields with resultant lower rates of RILD. Several phase I/II trials have 
shown 1- and 2-year local control rates of 82–99% for HCC cases treated with 
SBRT, with low rates of RILD [103–106]. Clinicians have also studied SBRT in the 
neoadjuvant setting before LT. Mannina et al. reported results of 38 patients treated 
with SBRT who went on to LT with 1-, 3-, and 5-year survival of 92%, 77%, and 
73%, respectively. Explant pathology showed a complete response in 45% of lesions 
and a partial response in 23% [107]. Furthermore, particle-based radiation therapy 
in the form of proton beam and carbon-based therapy has been used for HCC. In a 
prospective phase II study at Loma Linda University, clinicians treated 76 patients 
with proton beam therapy, of whom 47% had Child Class B cirrhosis, with a mean 
tumor size of 5.5 cm. Progression-free survival at 3 years was 60%, and local con-
trol was 80% [108]. At present, no RCTs exist comparing radiation-based therapy 
to other forms of LRT; however, retrospective studies have shown SBRT to have 
comparable efficacy to RFA and TACE, with some studies showing superior local 
control with the use of SBRT [109, 110].

 LRT for Bridging and Downstaging Before Liver 
Transplantation

LRT is commonly used for “bridging” patients who are waiting for LT or to “down-
stage” patients who are outside criteria for LT so that they may have tumor reduction 
and become eligible for LT. AASLD and EASL guidelines recommend the use of 
LRT before LT for both bridging and downstaging [35, 36]. Several meta- analyses 
have demonstrated reduced dropout risk in patients who have a response to bridging 
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therapy [111, 112]. Mehta and coworkers studied 398 patients with HCC awaiting 
LT and found that a complete response to LRT, along with single tumor 2–3 cm, and 
AFP level <20 ng/mL was associated with a 1- and 2-year dropout risk of 1.3% and 
1.6%, respectively, compared to 21.6% and 26.5% for all other patients [111]. Patient 
responses to pre-LT downstaging have been shown to predict post-LT tumor recur-
rence [113–116]. In their most recent published guidelines, neither society gives spe-
cific recommendations regarding the specific type of LRT to use for pre-LT treatment, 
and such decisions should be based on individual patient and tumor characteristics.

 Assessing Response to Treatment

Patients treated with LRT undergo assessments with imaging and serologic tests to 
determine their response to treatment. Typically, patients have CT or MRI imaging 
at 4–6  weeks post-LRT and then every 3–6  months. Patients with elevated AFP 
before treatment may also undergo serial serologic testing to assess for an appropri-
ate reduction in the serum AFP level.

Criteria to assess imaging response after treatment have been developed for 
HCC.  The World Health Organization (WHO), Response Evaluation Criteria In 
Solid Tumors (RECIST) 1.0, and RECIST 1.1 report tumor size as the longest 
dimension of the tumor, and they are commonly used for solid tumors [117, 118]. 
Each system measures the change in tumor size after LRT and grades treatment 
response as a complete response (CR), partial response (PR), stable disease (SD), or 
progressive disease (PD). (See Table 13.4 for specific criteria.) However, the treat-
ment effect of LRT causes tumor necrosis with a resulting absence of arterial flow 
within the lesion. The imaging finding after treatment will therefore show a smaller 
area of arterial enhancement within the lesion, while the nonviable tumor remains in 
situ without necessarily a reduction in its overall size. Neither WHO nor RECIST 1.1 
criteria limit the area of measurement to the part of the tumor with arterial enhance-
ment or the viable portion of the tumor. To account for this, the modified RECIST 
(mRECIST) criteria has been developed to specifically evaluate the amount of viable 
tumor. These criteria measure the single longest dimension of the part of the tumor 
with arterial enhancement [119]. The mRECIST system also grades the response of 
tumor to treatment, similarly to the systems listed above. EASL and AASLD guide-
lines recommend mRECIST as the preferred method for assessing treatment response 
for HCC to LRT. Exceptions which are not eligible for the mRECIST system include 
infiltrative HCC lesions and other lesions with atypical enhancement.

Additionally, the LI-RADS system has put forth criteria to grade treatment 
response, the LR-TR Response Algorithm. In this treatment assessment paradigm, 
treatment response is graded as LR-TR Nonviable, LR-TR Equivocal, and LR-TR 
Viable. Tumors with treatment responses graded as Nonviable show no enhance-
ment within the lesion or only a treatment-specific, expected enhancement pattern. 
Viable lesions show nodular, mass-like, or irregular tissue along the treated tumor 
with enhancement similar to the pretreatment state, arterial phase hyperenhance-
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ment, or venous phase washout. Equivocal lesions have enhancement that is atypi-
cal for the expected treatment effect or enhancement that does not definitely meet 
criteria to be graded as viable.

 Surgical Resection

Surgical resection (SR) is the gold-standard curative-intent therapy for well- 
compensated cirrhotic patients with HCC. EASL and AASLD guidelines recom-
mend SR when HCC is deemed resectable and the patient’s liver function permits 
the intervention. However, there is no consensus or universally accepted criteria for 
resectability, with further challenges posed by the myriad of factors a surgeon must 
consider when evaluating a patient’s liver function for surgery. EASL and AASLD 
guidelines both include morphometric tumor characteristics when defining resect-
ability [35, 36]. EASL guidelines allow surgery for single HCC lesions of any size 
and for multiple HCC lesions that lie within Milan criteria, if the amount of liver 
remaining after surgery is of sufficient size. AASLD guidelines define resectability 

Table 13.4 Assessment of treatment response: Comparison of WHO, RECIST 1.1, and mRECIST

WHO RECIST 1.1 mRECIST

Measured 
dimension(s)

Product of longest 
dimension and greatest 
perpendicular diameter

Sum of the longest 
unidirectional 
diameter of all lesions

Sum of the longest 
unidirectional diameter of 
all arterially enhancing, 
viable lesions

Area measured WHO RECIST Modified RECIST

Complete 
response (CR)

Disappearance of all 
lesions

Disappearance of all 
lesions

Disappearance of all 
intratumoral arterial 
enhancement

Partial 
response (PR)

≥50% decrease in the 
sum of the area of all 
lesions

≥30% decrease in the 
sum of diameters of 
all lesions

≥30% decrease in the sum 
of diameters of all arterial 
enhancing, viable lesions

Stable disease 
(SD)

Neither PR nor PD Neither PR nor PD Neither PR nor PD

Progressive 
disease (PD)

≥25% increase in the 
sum of the area of all 
lesions

≥20% increase in the 
sum of diameters of 
all lesions

≥20% increase in the sum 
of diameters of all arterially 
enhancing, viable lesions

Figures from Fig.  13.1: Imaging response criteria used in evaluation of HCC after treatment, 
Graphic 99,552 Version 1.0, from “Assessment of tumor response in patients receiving systemic 
and nonsurgical locoregional treatment of hepatocellular carcinoma
Authors: Iqbal and Stuart, UpToDate 2019
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as T1 or T2 HCC (one to three unilobar lesions, less than 5 cm for single lesions and 
3 cm for multiple lesions). Additional considerations include the presence of mac-
rovascular tumor involvement, typically of the portal or hepatic veins. Any macro-
vascular involvement with tumor has traditionally been considered a contraindication 
to surgery; however, some centers in the East have reported success with resection 
for highly selected patients with HCC involving segmental branches of the portal 
vein. The Liver Cancer Study Group of Japan reported a median survival of 
2.87 years for patients with portal vein invasion who had SR versus 1.10 for patients 
in the non-SR group [120]. The same group reported superior outcomes for patients 
with hepatic vein invasion who had SR, with median survival of 4.47 years versus 
1.58 years for patients in the non-SR group [120].

A patient’s liver function, as determined by the degree of portal hypertension and 
the amount of functional liver remaining after surgery, determines whether a patient 
will tolerate resection. SR is contraindicated for decompensated patients with clini-
cally significant portal hypertension or advanced liver disease, as signified by Child 
Class B or C patients with jaundice, encephalopathy, ascites, or varices. In other-
wise well-compensated Child A cirrhotic patients, an assessment of the degree of 
underlying portal hypertension is critical. Signs of significant portal hypertension 
include platelet count <100,000 platelets/μL and the presence of splenomegaly and 
varices on imaging. Clinically relevant portal hypertension can also be defined by a 
hepatic vein pressure gradient >10 mm Hg [121]. Furthermore, liver function can be 
assessed by measuring indocyanine green retention at 15  minutes (ICG15) after 
administration. Patients with poor liver function retain a greater amount of 
ICG. Various groups have set ICG15 parameters for liver resection, with most advo-
cating an ICG15 retention of <15–20% for patients to undergo hepatic resections 
safely [122, 123].

The functional liver remnant (FLR), defined as the volume of the liver remnant 
divided by the entire liver volume, will provide the hepatic reserve for the patient 
after surgery. FLR may be calculated before surgery using CT or MRI volumetrics, 
and the planned resection must provide a FLR of >30–40%, to reduce the risk of 
post-resection liver failure. For patients with inadequate FLR, clinicians may 
employ portal vein embolization (PVE) to increase the size of the FLR. Patients 
typically undergo PVE and then surgery 4–6 weeks afterwards, allowing for FLR 
hypertrophy in the intervening time period. The rate of growth of the liver remnant 
after PVE itself provides prognostic information. In a large single-center series, no 
patients with growth rate >2.66%/week after PVE developed liver failure after hep-
atectomy [124].

The technical conduct of SR has been shown to affect patient outcomes. To 
reduce bleeding from hepatic veins, surgeons employ low central venous pressure 
(CVP) during surgery. Components of low CVP surgery include the selective use of 
central venous catheters to guide resuscitation and limit the volume of intravenous 
infusions during surgery to prevent hepatic congestion and back-bleeding from tran-
sected hepatic veins. A minimally invasive approach to SR using laparoscopic or 
robotic surgery may be considered for small lesions, as well as lesions which are 
superficial or located on the periphery of the liver. Studies of minimally invasive 
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hepatectomies have reported equivalent overall and disease-free survival between 
open and minimally invasive surgery, with one large study showing statistically 
significantly less blood loss (158 g vs. 400 g, p < 0.001), shorter hospital length of 
stay (13  days vs. 16  days, p  <  0.001), and a lower complication rate (6.7% vs. 
13.0%, p = 0.003) in the laparoscopic resection group [125, 126]. However, it is 
important to note that since such studies are not prospectively randomized, inherent 
selection bias may be present that makes it difficult to draw definitive conclusions 
regarding the superiority of either technique.

The extent of surgical resection and surgical margins have also been studied. 
Historically, preference has been given to anatomic resections for lesions >2 cm. 
However, recent literature has reported equivalent outcomes for nonanatomic resec-
tion [127]. Similarly, the importance of wide tumor-free margins >1 cm has been 
studied with differing outcomes reported. An early Japanese series reported 
improved 3-year survival (77% vs. 21%) for patients with >1 cm margins, while 
more recent reports have shown no difference in outcomes for patients with tumor- 
free margins <1 cm [128, 129].

Contemporary outcomes following SR for HCC have improved dramatically, 
largely due to better patient selection, improved surgical techniques, and better 
anesthetic and perioperative management that have significantly reduced postopera-
tive mortality and complications. EASL guidelines propose a benchmark periopera-
tive mortality rate of <3%, as a standard for cirrhotic patients undergoing resection 
for HCC [35]. The most common cause of death after SR is posthepatectomy liver 
failure (PHLF), which is often progressive, occurring outside a traditional 30-day 
postoperative period. The International Study Group of Liver Surgery (ISGLS) 
offered a consensus definition of PHLF in 2013, as an increased INR (≥1.5 for 
Grades A and B and ≥2.0 for Grade C PHLF) and hyperbilirubinemia after 
 postoperative day 5 [130]. Clinicians grade the severity of PHLF from Grade A to 
Grade C (most severe). For Grade A PHLF, there is no required change in clinical 
management. For Grade B PHLF, patients require a deviation from normal postop-
erative management in the form of intermediate or ICU level of care, plasma trans-
fusion, albumin infusion, diuretics, and other noninvasive interventions. Lastly, for 
Grade C PHLF, patients require interventions in the form of intubation, hemodialy-
sis, transplantation, and other invasive treatments. The ISGLS definition was vali-
dated in a test group of 835 patients undergoing liver resection, of which 65 (11%) 
developed PHLF. The ISGLS PHLF definition discriminated postoperative mortal-
ity accurately, with mortality rates of 0%, 12%, and 54% for patients with Grade A, 
B, and C PHLF, respectively [131]. Fukushima and coworkers assessed the ISGLS 
PHLF definition in their study of 210 HCC patients undergoing curative hepatec-
tomy. They found major hepatectomy (>1 segment), blood loss >1000 mL, and liver 
fibrosis stage ≥3, were independently associated with PHLF [132].

Common complications following hepatic resection include hemorrhage, bile 
leak, pleural effusion, and infection. To standardize the reporting of postoperative 
complications, ISGLS has offered definitions of posthepatectomy hemorrhage 
(PHH) and bile leak [133]. The criteria for ISGLS PHH are met by a drop in 
hemoglobin >3 g/dL (compared to preoperative levels) and/or the need to trans-
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fuse PRBCs and/or the need for invasive intervention to stop bleeding. PHH is 
further categorized as Grades A to C, with C being the most severe. Grade A PHH 
includes transfusion up to 2 units of PRBCs; Grade B PHH indicates a transfusion 
>2 units of PRBCs, without the need for invasive intervention; and Grade C PHH 
requires intervention (e.g., embolization or laparotomy). In a validation group, 
postoperative mortality corresponded to PHH grade, with mortality rates of 0%, 
17%, and 50%, for patients with Grade A, B, and C PHH, respectively. The ISGLS 
has also defined posthepatectomy biliary leak as a bilirubin concentration in surgi-
cal drain fluid exceeding three times the serum bilirubin, on or after postoperative 
day 3 [134]. Similar to other ISGLS definitions, biliary leaks are graded from A to 
C, with C being the most severe. Grade A biliary leaks persist ≤1 week and have 
little or no impact on a patient’s clinical management. Grade B leaks require a 
change in patient management and include leaks persisting ≥1 week, leaks caus-
ing infection and needing antibiotic therapy, and leaks requiring percutaneous 
drain placement, endoscopic therapy (e.g., ERCP and sphincterotomy), or tran-
shepatic biliary drain placement and stenting. Severe Grade C biliary leaks often 
require reoperation to control the complication, many times with reconstruction of 
a bilioenteric anastomosis. Altogether, postoperative complications occur in as 
many as 47% of patients undergoing SR. Therefore, an evaluation of a patient’s 
fitness for surgery includes an assessment of their ability to tolerate postoperative 
morbidity [131].

The efficacy of SR has been demonstrated with 5-year overall survival ranging 
from 60% to 80%. However, recurrence of HCC following SR remains a significant 
issue, in part because the diseased liver left behind after resection is prone to de 
novo lesions. Clinicians distinguish early recurrences, which occur within 2 years 
of SR, versus late recurrence, arising more than 2 years after SR, because late recur-
rence often represent new lesions instead of true local recurrences from the primary 
lesion [135]. Risk factors of early recurrence have included nonanatomic resection, 
the presence of microscopic vascular invasion, and elevated AFP; whereas risk fac-
tors of late recurrence include higher hepatitis activity and the presence of multiple 
tumors [136]. The overall 5-year recurrence rate after SR is about 70%. In their 
large series of 661 patients undergoing SR, Tabrizian and coworkers reported 1- and 
5-year recurrence rates of 35% and 70% [137]. Of the patients who had recurrences, 
the authors reported the different strategies used to treat each recurrence and their 
efficacy. Sixty-eight patients (19%) were eligible for re-resection and underwent 
repeat surgery with a median survival after treatment of 56 months. Additionally, 56 
patients (16%) were listed for transplant and 35 patients underwent transplant, with 
median survival of 47 months; and 145 patients (40%) underwent ablation or embo-
lization with median survival of 27 and 19  months, respectively. The remaining 
patients not eligible for treatment with curative intent were mostly treated with 
sorafenib or best supportive care and had median survival of <8 months. Thus, in 
this representative study, many patients undergoing SR remain eligible for treatment 
with curative intent after tumor recurrence.

Given that recurrence following SR is a significant concern, a unique option 
that has been espoused for patients with post-resection recurrent HCC is the 
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so-called salvage LT (SLT). In this setting, patients undergo surgery and then 
are listed for LT if they recur. The advantages of this approach for individual 
patients include immediate treatment without waiting for organ allocation and 
the avoidance of a more intensive intervention (i.e., LT), immunosuppression, 
and the attendant risks of the immunosuppressed state. Potential societal advan-
tages of SLT include a more efficient allocation of organs and possible cost 
savings.

In practice, the main challenges to the SLT strategy have been identifying 
patients at high-risk for recurrence outside of transplant criteria who may have 
lost their opportunity for cure and the development of post-resection liver failure 
requiring urgent LT. One of the earliest studies looking at SLT was reported by 
Belghiti et  al. in 2003, where they showed that HCC patients undergoing SLT 
who had similar characteristics to SR patients had equivalent perioperative com-
plications and similar survival [138]. More recently, De Haas and colleagues 
reported their outcomes of SLT using an intention to treat analysis in 110 patients 
who underwent SR. [139] In their group, 63 patients (57%) recurred with 47 
patients (42.7%) listed for LT and 30 patients (27.2%) undergoing SLT.  The 
intention-to-treat overall and disease-free survival was 69% and 60%, respec-
tively. The patients who had a successful outcome with this strategy, defined by 
SR patients who either did not develop recurrence or developed recurrence and 
underwent LT, had an 83% disease-free survival at 5 years, while not surprisingly, 
patients failing the strategy and developing untransplantable disease following 
resection had a dismal 7% survival. Overall, the ITT SLT strategy was successful 
in 55% of the patients. In a different study, a head- to- head comparison of an 
intention-to-treat SLT strategy to primary LT was reported by Bhangui et al. [140] 
While the overall (73% vs. 58% at 5 years) and recurrence- free (69% vs. 27% at 
5 years) survival of primary transplant patients was superior to patients enrolled 
in a SLT strategy, the best outcomes at 5 years were observed in resection patients 
who went on to undergo salvage liver transplantation (87% disease- free at 
5 years), highlighting that the most important factor is to identify patients who are 
best suited for salvage LT.

In order to define which patients might benefit from the SLT strategy, research-
ers have sought to identify risk factors for unsalvageable recurrence after SR, for 
example, tumor recurrence beyond criteria for transplant. Lee et al. studied 320 
patients undergoing SR for HCC, of which 183 patients (62.5%) had recurrence 
within 5 years [141]. Factors associated with unsalvageable recurrence were pre-
operative disease beyond Milan criteria, the presence of microsatellite lesions or 
multiple tumors, and lymphovascular invasion. An international collaborative 
subsequently analyzed 1023 patients and validated these findings. Features asso-
ciated with recurrence beyond criteria for LT included preoperative disease 
beyond Milan criteria (HR 1.95), the presence of multiple nodules or satellite 
lesions (HR 1.51), and microvascular invasion (HR 2.12) [142]. Despite its chal-
lenges, SLT remains a viable option for patients with HCC, and improvements in 
patient selection for SR versus up-front LT will further refine its implementation 
in the future.
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 Liver Transplantation

 History and Organ Allocation

Liver transplantation is unequivocally the gold-standard treatment for cirrhotic 
patients with surgically unresectable HCC meeting specified criteria. However, the 
early experiences with liver transplant for HCC were met with dismal results, with 
recurrence rates as high as 80% within 1 year and >70% mortality within 2 years, 
largely due to a lack selection criteria based on tumor burden [143–145]. In 1996, 
Mazzafero and colleagues published outcomes of liver transplant for HCC which is 
now widely known as the Milan criteria. Their group transplanted 48 patients diag-
nosed with either a single tumor of ≤5 cm or up to three tumors each ≤3 cm. Overall 
actuarial 4-year survival was 75 percent, and 4-year recurrence-free survival was 83 
percent [146]. The Milan criteria have subsequently been validated in numerous 
other studies and have become ubiquitously accepted as the gold-standard size and 
number criteria for the selection of HCC patients for LT [147, 148].

Given the successful outcomes when utilizing the Milan criteria, LT for HCC has 
increased dramatically over the last two decades, and HCC has now become a lead-
ing indication for LT in the United States, accounting for nearly 25% of all trans-
plants performed on a yearly basis [149]. This increase has largely been driven by a 
Model for End-Stage Liver Disease (MELD) exception policy that allows allocation 
of organs to HCC recipients who typically have lower physiologic MELD scores. 
Since HCC patients often do not have physiologically decompensated liver disease, 
clinicians intended the MELD exception points to balance the risk of wait-list drop-
out due to tumor progression and allow access to LT. The first iteration of the MELD 
exception policy was instituted in 2002. Patients with T1 tumors (1 lesion <2 cm) 
were assigned a MELD of 24, and patients with T2 tumors (one tumor >2 cm but 
<5 cm or three tumors each <3 cm) were designated a MELD of 29. One additional 
point was awarded for each 3 months the patients remained on the list without pro-
gression beyond Milan [150]. However, it soon became evident that patients with 
HCC were being overprioritized, receiving transplants at a higher rate than non- HCC 
patients. Consequently, there have since been numerous iterations of the HCC MELD 
exception policy to better balance this risk of wait-list dropout between HCC and 
non-HCC listed patients. In 2003, MELD exception prioritization decreased to 20 
points for T1 lesions and 24 for T2 lesions, with another revision in 2004 not grant-
ing MELD exception points for the T1 lesions. In 2005, MELD exception points 
were once again reduced to 22 points for T2 lesions. In 2019, ongoing discussions 
are being considered to potentially change the priority of MELD exception points in 
patients with HCC once again; however no definitive guidelines have yet to be set.

Despite these refinements in the allocation of MELD exception points in 2005, 
LT for HCC continued to increase over the subsequent decade, and HCC patients 
continued to remain overprioritized with lower rates of wait-list dropout and higher 
transplant rates despite inferior survival [151–153]. During this time period, it also 
became apparent that patients expedited to transplant in regions with “short waiting 
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times” had greater post-LT recurrence and inferior post-LT outcomes compared to 
HCC-listed patients from “long wait time” regions [154, 155]. Subsequently, MELD 
exception policy was once again revised in 2015, with institution of a 6-month delay 
for patients with T2 lesions prior to being granted 28 exception points and with cap-
ping of the MELD at 34—which is the current policy in the United States [156].

 Pretransplant Models to Expand Eligibility Criteria  
to Beyond Milan

While the tumor size and number paradigm of the Milan criteria remain the gold stan-
dard for the selection of HCC candidates for LT, there have been concerns they may be 
too restrictive, excluding some patients beyond criteria with an otherwise acceptable 
posttransplant recurrence risk. Over the past two decades since the establishment of the 
Milan criteria, there have been numerous expanded criteria proposed that allow for 
recipients with tumors beyond Milan to receive LT. In 2001, Yao and colleagues defined 
the UCSF criteria, which allowed inclusion of patients with a single tumor ≤6.5 cm and 
up to three lesions ≤4.5 cm, with total tumor diameter ≤8 cm. Patients who met these 
UCSF criteria and underwent LT had survival rates of 90% and 75.2% at 1 and 5 years, 
respectively [157]. These results were validated by Yao and colleagues in 2007 in a 
series of 168 patients with disease exceeding Milan but meeting UCSF criteria, with 
1- and 5-year survival without recurrence of 92.1% and 80.7%, respectively [158].

In addition to the UCSF criteria, numerous other expanded criteria have been 
proposed and externally validated to result in outcomes similar to Milan criteria. 
These include the Up-to-7 criteria (i.e., criteria using 7 as the sum of the size (cm) 
of the largest tumor and the number of tumor nodules; total tumor volume (TTV) 
criteria and alpha-fetoprotein (AFP) (i.e., TTV <115cm3 and AFP <400 ng/ml)); 
and the AFP-French model (i.e., points system using tumor size, number of tumors, 
and an AFP cut-off at 100 ng/ml and 1000 ng/ml) [159–161]. Selected pretransplant 
models based on morphometric and serum biomarkers are summarized in Table 13.5.

 Wait-List Management: Surveillance and Bridging Therapy

Patients with HCC listed for liver transplant undergo baseline imaging and lab test-
ing at the time of diagnosis, commonly with dynamic CT or MRI of the abdomen, 
CT of the chest, and serologic AFP testing. Additional metastatic workup may 
include nuclear medicine bone scanning and MRI of the brain to rule out distant 
disease. After placement on the LT waiting list, patients require quarterly CT or 
MRI to continue to receive MELD exception points in the United States [162].

While remaining on the transplant wait list, patients with HCC are at risk for 
tumor progression. To ameliorate this risk, AASLD and EASL guidelines recom-
mend “bridging” treatment with LRT, especially if patients are expected to remain 
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Table 13.5 Pretransplant models defining HCC eligibility criteria

Lead author Morphometric criteria
Biomarker 
criteria

Donor 
type Year Patient outcomes

Mazzaferro 
(Milan) [146]

One lesion ≤5 cm or ≤3 
lesions ≤3 cm each

Cadaveric 1996 4-year OS, 85%; 
4-year RFS, 92%

Yao (UCSF) 
[157]

One lesion ≤6.5 cm or 
2–3 lesions ≤4.5 cm 
each. Total tumor 
diameter ≤8 cm

Cadaveric 2001 5-year OS, 72.4%

Herrero [194] One lesion ≤6 cm or 
2–3 lesions ≤5 cm each

Cadaveric 2001 5-year OS, 79%

Roayaie [195] Any number of lesions 
5–7 cm each

Cadaveric 2002 5-year RFS, 55%

Keneteman 
[196]

One lesion <7.5 cm or 
multiple lesions <5 cm 
each

Cadaveric 2004 4-year OS, 
82.9%; 4-year 
RFS, 76.8%

Onaca (Baylor 
criteria) [197]

One lesion ≤6 cm or 
2–4 lesions ≤5 cm each

Cadaveric 2007 5-year RFS, 
63.9–64.6%

Soejima [198] Any number of lesions 
≤5 cm each

Living 2007 3-year OS, 68.6%

Jonas [199] Any number of lesions 
≤6 cm each. Total tumor 
diameter ≤15 cm

Living 2007 3–year OS, 53%

Sugawara (5–5 
rule) [200]

≤5 lesions ≤5 cm each Living 2007 3-year RFS, 94%

Kwon [201] Any number of lesions 
≤5 cm each

AFP ≤400 ng/
mL

Living 2007 5-year OS, 79.9%

Takada [202] ≤10 lesions ≤5 cm each PIVKA-II 400 
mAU/mL

Living 2007 5-year OS, 87%

Silva [203] ≤3 lesions ≤5 cm each. 
Total tumor diameter 
≤10 cm

Cadaveric 2008 5-year OS, 67%

Zheng 
(Hangzhou 
criteria) [204]

Total tumor diameter 
≤8 cm or <8 cm if grade 
I or II

AFP ≤400 ng/
mL if tumor 
diameter >8 cm

Living 2008 5-year OS, 
70.7%; 5-year 
RFS, 62.4%

Mazzaferro 
(up-to-7) [159]

The sum of the number 
of lesions and the size of 
the lesions (in cm) ≤7

Both 2009 5-year OS, 71.2%

Fujiki [205] ≤10 lesions ≤5 cm each DCP ≤400 
mAU/mL

Living 2009 5-year OS, 89%

Lai [206] Total tumor diameter 
8 cm

AFP ≤400 ng/
mL

Cadaveric 2012 5-year RFS, 
74.4%

Grat [207] UCSF or up-to-7 criteria AFP <100 ng/
mL

Cadaveric 2014 5-year OS, 100%

Toso [160] Total tumor volume 
≤115 cm^3

AFP ≤400 ng/
mL if tumor 
diameter >8 cm

Cadaveric 2015 4-year OS, 74.6%

Lee [208] Total tumor diameter 
≤10 cm

PET negative 
uptake

Living 2015 5-year OS, 
73.4%; 5-year 
RFS, 80.4%
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on the waiting list for more than 6 months [35, 36]. Neither society prescribes the 
exact type of LRT to be used, and these decisions are made based on individual 
patient factors. Several studies have supported reduced dropout risk with the use of 
LRT and response to treatment [111, 112]. Mehta and colleagues reviewed the expe-
rience of 398 patients listed for LT for HCC, and they found the risk of wait-list 
dropout correlated with degree of response to LRT as assessed by mRECIST, with 
risk of dropout of 9.3% for patients with complete response, 19.2% for partial 
response, 39.5% for stable disease, and 85% for progressive disease [111].

 Living Donor LT for HCC

Clinicians have used living donor liver transplant (LDLT) for HCC in areas where 
cadaveric organs are less available (e.g., East Asia) and as a way to bring HCC 
patients to transplant earlier, reducing the risk of disease progression. In an inten-
tion to treat analysis comparing LDLT and deceased donor liver transplant (DDLT), 
Bhangui and colleagues found a shorter mean waiting time for LDLT than DDLT 
(2.6 vs. 7.9 months) and similar recurrence rates for the two groups (12.9% and 
12.7%). [163] Other studies have compared LDLT to DDLT using decision analysis 
and cost-effectiveness analysis, with findings that showed an improved life expec-
tancy with LDLT (4.5 years longer compared to DDLT) and decreased health costs 
if patients spent greater than 7 months on the wait list [164, 165].

Notably, some centers have offered LDLT for patients outside of Milan criteria. 
Hong and colleagues from the Seoul National University reported their experience 
with LDLT for HCC, including >30% of patients receiving LDLT beyond Milan. 
They reported excellent outcomes for low-risk patients (AFP <200 ng/mL with no 
FDG avidity on PET) who were inside and outside Milan criteria, with 5-year 
disease- free survival of 88.4% and 80.3%, respectively [166]. However, the Adult to 
Adult Living Donor Transplantation Cohort Study (A2ALL) has reported an 
increased risk of disease recurrence for patients receiving LDLT, compared to 
DDLT (HR = 2.34; p = 0.04). The authors have attributed this difference to a fore-
shortened wait time as well as greater tumor burden and serum AFP in the group 
undergoing LDLT [167]. Undoubtedly, LDLT will remain a treatment option for 
patients with HCC. Because the living donor recipient does not remove a cadaveric 
organ from the limited donor pool, there will likely remain a tendency for these 
transplants to “push the envelope” beyond traditional criteria.

 HCC Recurrence After Liver Transplantation

Modern series of post-LT outcomes report recurrence rates ranging from 8% to 
21%, with median times to post-LT recurrence of 13–15  months [168–172]. 
Researchers have sought to identify prognostic factors to predict which patients will 
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have recurrence to improve post-LT surveillance and inform organ allocation crite-
ria. In the largest reported single-center experience of LT for HCC, Agopian and 
coauthors analyzed the UCLA experience with 865 patients undergoing LT for 
HCC, 117 (13.5%) of whom suffered recurrence. A novel clinicopathologic nomo-
gram was developed to allow for the individualized prediction of post-LT HCC 
recurrence, with independent factors including tumor grade, the presence of macro-
vascular or microvascular invasion, tumors outside Milan criteria, radiological max-
imum tumor diameter >5  cm, and increased pretransplant AFP and 
neutrophil-to-lymphocyte ratio [170]. Additional predictive models include the 
Risk Estimation of Tumor Recurrence After Transplant (RETREAT) score, which 
uses explant pathologic features such as the size of viable tumor and presence of 
microvascular invasion, as well as serum AFP levels, to calculate a risk of recur-
rence at 1 and 5 years [171], and the Model of Recurrence After Liver Transplantation 
(MoRAL) score includes neutrophil-lymphocyte ratio and histologic grade to calcu-
late a risk of tumor recurrence [172]. As newer therapies become available that have 
efficacy in the adjuvant setting, models that allow for individualized prediction of 
post-LT HCC recurrence will become all the more valuable.

Unfortunately, recurrence of HCC following LT has a far worse prognosis com-
pared to recurrence following SR, where numerous treatment options including sal-
vage LT exist. In a large series examining outcomes of HCC recurrence following 
LT, Bodzin and colleagues reported a median post-recurrence survival of only 
10.6 months, which is in line with a median survival of only 13 months reported in 
a systematic review of 61 studies examining 1021 LT patients with post-LT recur-
rence [173, 174]. However, several studies have now established that a subset of 
patients with HCC recurrence following LT may have improved survival, with 
median survivals ranging from 28 to 32 months for select patients whose recur-
rences were amenable to surgical resection or curative-intent ablation [173, 175]. 
Optimizing the identification of such patients who stand to benefit from more 
aggressive treatment of their recurrence is necessary.

 Systemic Therapy

Systemic therapy is an option for locally advanced or metastatic HCC patients who 
have adequate liver function but who are not candidates for resection, LT, or LRT 
due to their tumor burden. Traditional cytotoxic systemic therapy has been ineffec-
tive in HCC, largely due to inherent chemotherapy resistance of HCC, as well as the 
concomitant underlying hepatic dysfunction in patients with HCC, limiting the 
applicability of drug therapy. After years of failed trials of cytotoxic chemotherapy, 
sorafenib, a tyrosine kinase inhibitor (TKI) which targets multiple kinases, was the 
first agent discovered to provide a survival benefit in a prospective randomized con-
trolled trial in 2007 [176]. This initial positive trial with sorafenib was followed by 
a drought of 10  years, during which time no additional targeted therapies were 
found to be efficacious. During this time, multiple, large, prospective randomized 
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controlled trials investigating the kinase inhibitors sunitinib, brivanib, linifanib, and 
erlotinib each failed to show an improvement in survival for patients with HCC 
compared to sorafenib [177–180]. However, since 2017, there have been numerous 
new drug approvals for HCC in both the first and second lines, including the tar-
geted therapies lenvatinib, regorafenib, and cabozantinib and the checkpoint inhibi-
tors nivolumab and pembrolizumab.

In 2007, sorafenib was established as the gold-standard treatment for advanced 
HCC on the basis of the SHARP trial, a prospective RCT.  Patients receiving 
sorafenib had a median overall survival of 10.7 months compared to 7.9 months in 
the placebo group [176]. Sorafenib is a small molecule that inhibits Raf-1 and 
B-Raf, vascular endothelial growth factor receptors (VEGFR 1, 2, and 3), and 
platelet- derived growth factor receptor-β (PDGFR-β). These pathways play an 
important role in the pathogenesis of HCC [181, 182]. Additional analyses have 
suggested sorafenib provides a greater survival for patients with HCC due to HCV, 
compared to HCC due to HBV or alcohol. Although sorafenib is FDA-approved for 
all stages of cirrhosis, data consistently shows worse outcomes for treated patients 
with greater than Child A cirrhosis [183–185]. Side effects of sorafenib include 
diarrhea and hand-foot skin reaction. Combination treatment with sorafenib and 
doxorubicin has been attempted, but the only randomized phase III trial was termi-
nated by the data monitoring safety board due to futility at planned interim analysis 
[186]. Sorafenib in the neoadjuvant and adjuvant setting for LT is being investi-
gated, and results from trials are pending. The largest trial to date of sorafenib in the 
adjuvant setting after SR is the STORM trial. This RCT tested sorafenib versus 
placebo in patients who underwent successful SR; however, the authors found an 
improvement in recurrence-free survival for the sorafenib group [187].

Lenvatinib is a small molecule that inhibits VEGFR, PDGFR, RET, KIT, and 
fibroblast growth factor receptors (FGFR). Lenvatinib was compared to sorafenib in 
patients with unresectable HCC and Child A cirrhosis in a non-inferiority trial. The 
authors reported a median survival of 13.6 months for lenvatinib and 12.3 months 
for sorafenib, and they concluded lenvatinib was non-inferior [188]. Lenvatinib has 
since been FDA approved in August 2018, and it is being used as frontline systemic 
treatment, in addition to sorafenib.

Clinicians offer second-line therapy to patients who have progression of disease 
while on first-line therapy and can tolerate additional systemic treatment. Progression 
of disease manifests as radiographic progression and an increase in serum AFP. Since 
2017, numerous new drugs have been approved for HCC in the second line, includ-
ing the tyrosine kinase inhibitors regorafenib and cabozantinib, as well as the 
immune checkpoint inhibitors nivolumab and pembrolizumab.

Regorafenib is a small molecule inhibitor of VEGFR and tyrosine kinase inhibi-
tor (TKI). It is similar in structure and function to sorafenib. The RESORCE trial 
studied patients who progressed on first-line treatment with sorafenib and were 
treated with regorafenib. Patients who were randomized to regorafenib had signifi-
cantly increased median survival (10.6 vs. 7.8 months) and higher rates of disease 
control (65% vs. 36%) compared to placebo [189]. Cabozantinib is another small 
molecular kinase inhibitor, which has been studied in patients previously treated 
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with sorafenib. The phase III CELESTIAL trial included patients who received 
cabozantinib versus placebo as second- or third-line treatment after receiving 
sorafenib. Results showed increased median survival for patients treated with cabo-
zantinib (10.2  months) versus the placebo group (8.0  months), resulting in its 
approval by the FDA in 2019 [ 190].

Nivolumab is a human monoclonal antibody to programmed cell death 1 recep-
tor (PD-1), which functions to restore T cell activity against tumor cells. The 
CheckMate 040 trial studied nivolumab as a second-line treatment for patients with 
HCC and Child A or B cirrhosis who had disease progression on sorafenib. In the 
study and follow-up reports, patients had an overall response rate of 18%, signifi-
cantly greater than the 2% historically reported for sorafenib. Most notably, the 
patients who did respond demonstrated durable responses to treatment with some 
reports of complete tumor response [191, 192]. Pembrolizumab is also a monoclo-
nal antibody and PD-1 inhibitor. The Keynote-224 trial supports the efficacy of 
pembrolizumab as second-line treatment following sorafenib failure with similar 
rate of objective responses and stable disease (17 and 44 percent, respectively) com-
pared to nivolumab [193]. Pembrolizumab was FDA approved in November 2018 
for patients with HCC who were previously treated with sorafenib. Currently, there 
are numerous ongoing prospective, randomized controlled trials evaluating both 
single-agent and combination therapies in HCC in both frontline and second line. 
Further development and validation of radiologic, serologic, and molecular bio-
markers will greatly improve the ability to allow for personalized treatment deci-
sions for advanced HCC.

References

 1. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359–86.

 2. Saviner M, Golabi P, Younossi ZM. Disease burden of hepatocellular carcinoma: a global 
perspective. Digi Dis Sci. 2019;64(4):910–7. https://doi.org/10.1007/s10620-019-05337-2.

 3. Akinyemiju T, Abera S, Ahmed M, et al. The burden of primary liver cancer and underly-
ing etiologies from 1990 to 2015 at the global, regional, and national level: results from the 
global burden of disease study 2015. JAMA Oncol. 2017;3:1683–91.

 4. Ferlay J, Whelan SL. The tables. In: Parkin DM, Whelan SL, Ferlay J, et al., editors. Cancer 
incidence in five continents volume VIII. Lyon: IARC Press; 2002. p. 91–514.

 5. White DL, Thrift AP, Kanwal F, et al. Incidence of hepatocellular carcinoma in all 50 United 
States, from 2000 through 2012. Gastroenterology. 2017;152:812–20.

 6. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma incidence, mortality, 
and survival trends in the United States from 1975 to 2005. J Clin Oncol. 2009;27:1485–91.

 7. Ryerson AB, Eheman CR, Altekruse SF, et al. Annual report to the nation on the status of can-
cer, 1975-2012, featuring the increasing incidence of liver cancer. Cancer. 2016;122:1312–37.

 8. Kulik L, El-Serag HB.  Epidemiology and management of hepatocellular carcinoma. 
Gastroenterology. 2019;156:477–91.

 9. Maucort-Boulch D, de Martel C, Franceschi S, et al. Fraction and incidence of liver cancer 
attributable to hepatitis B and C viruses worldwide. Int J Cancer. 2018;142:2471–7.

 10. Chang MH, You SL, Chen CJ, et al. Long-term effects of hepatitis B immunization of infants 
in preventing liver cancer. Gastroentology. 2016;151:472–80.

13 The Management of Hepatocellular Carcinoma

https://doi.org/10.1007/s10620-019-05337-2


262

 11. Chen JD, Yang HI, Iloeje UH, et al. Carriers of inactive hepatitis B virus are still at risk for 
hepatocellular carcinoma and liver-related death. Gastroenterology. 2010;138:1747–54.

 12. Singal AK, Salameh H, Kuo YF. Meta-analysis: the impact of oral anti-viral agents on the 
incidence of hepatocellular carcinoma in chronic hepatitis B.  Aliment Pharmacol Ther. 
2013;38:98–106.

 13. Kanwal F, Kramer J, Asch SM. Risk of hepatocellular cancer in HCV patients treated with 
direct-acting antiviral agents. Gastroenterology. 2017;153:996–1005.

 14. Papatheodoridis GV, Lampertico P, Manolakopoulos S, et al. Incidence of hepatocellular car-
cinoma in chronic hepatitis B patients receiving nuleos(t)ide therapy: a systematic review. J 
Hepatol. 2010;53:348–56.

 15. Nahon P, Bourcier V, Layese R, et al. Eradication of hepatitis c virus infection in patients 
with cirrhosis reduces risk of liver and non-liver complications. Gastroenterology. 
2017;152:142–56.

 16. Waziry R, Hajarizadeh B, Grebely J. Hepatocellular carcinoma risk following direct-acting 
antiviral HCV therapy: a systematic review, meta-analyses, and meta-regression. J Hepatol. 
2017;67:1204–12.

 17. El-Serag HB, Kanwal F, Richardson P, et al. Risk of hepatocellular carcinoma after sustained 
virological response in veterans with hepatitis C virus infection. Hepatology. 2016;64:130–7.

 18. Van der Meer AJ, Feld JJ, Hofer H. Risk of cirrhosis-related complications in patients with 
advanced fibrosis following hepatitis C virus eradication. J Hepatol. 2017;66:485–93.

 19. Chhatwal J, Kanwal F, Roberts MS, et al. Cost-effectiveness and budget impact of hepati-
tis C virus treatment with sofosbuvir and ledipasvir in the United States. Ann Intern Med. 
2015;162:397–406.

 20. Wong RJ, Cheung R, Ahmed A.  Nonalcoholic steatohepatitis is the most rapidly grow-
ing indication for liver transplantation in patients with hepatocellular carcinoma in the 
U.S. Hepatology. 2014;59:2188–95.

 21. Rich NE, Oji S, Mufti AR, et al. Racial and ethnic disparities in nonalcoholic fatty liver dis-
ease prevalence, severity, and outcomes in the United States: a systematic review and meta- 
analysis. Clin Gastroenterol Hepatol. 2018;16:198–210.

 22. El-Serag HB, Hampel H, Javadi F.  The association between diabetes and hepatocellular 
carcinoma: a systematic review of epidemiologic evidence. Clin Gastroenterol Hepatol. 
2006;4:369–80.

 23. Mittal S, El-Serag HB, Sada YH, et al. Hepatocellular carcinoma in the absence of cirrhosis in 
United States veterans is associated with nonalcoholic fatty liver disease. Clin Gastroenterol 
Hepatol. 2016;14:124–31.

 24. Fattovich G, Stroffolini T, Zagni I, et al. Hepatocellular carcinoma in cirrhosis: incidence and 
risk factors. Gastroenterology. 2004;127:S35–50.

 25. Kojiro M, Wanless IR, Alves V, et  al. Pathologic diagnosis of early hepatocellular carci-
noma: a report of the international consensus group for hepatocellular neoplasia. Hepatology. 
2009;49:658–64.

 26. Levrero M, Zucman-Rossi J.  Mechanisms of HBV-induced hepatocellular carcinoma. J 
Hepatol. 2016;64:S84–S101.

 27. Shirabe K, Toshima T, Taketomi A, et al. Hepatic aflatoxin B1-DNA adducts and TP53 muta-
tions in patients with hepatocellular carcinoma despite low exposure to aflatoxin B1 in south-
ern Japan. Liver Int. 2011;31:1366–72.

 28. Stern MC, Umbach DM, Yu MC, et al. Hepatitis B, aflatoxin B(1), and p53 codon 249 muta-
tion in hepatocellular carcinomas from Guangxi, People’s republic of China, and a meta- 
analysis of existing studies. Cancer Epidemiol Biomark Prev. 2001;10:617–25.

 29. Schulze K, Imbeaud S, Letouze E, et  al. Exome sequencing of hepatocellular carcino-
mas identifies new mutational signatures and potential therapeutic targets. Nat Genet. 
2015;47:505–11.

 30. Charles Nault J.  High frequency of telomerase reverse-transcriptase promoter somatic 
mutations in hepatocellular carcinoma and preneoplastic lesions. Nat Commun. 
2013;4:2218.

R. R. McMillan and V. G. Agopian



263

 31. Ahn S. Genomic portrait of resectable hepatocellular carcinomas: implications of RB1 and 
FGF19 aberrations for patient stratification. Hepatology. 2014;60:1972–82.

 32. Chiang DY. Focal gains of VEGFA and molecular classification of hepatocellular carcinoma. 
Cancer Res. 2008;68:6779–88.

 33. Villanueva A, Llovet JM. Liver cancer in 2013: mutational landscape of HCC—the end of the 
beginning. Nat Rev Clin Oncol. 2014;11:73–4.

 34. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 2003;362:1907–17.
 35. Galle PR, Forner A, Llovet JM, et  al. EASL clinical practice guidelines: management of 

hepatocellular carcinoma. J Hepatol. 2018;69:182–236.
 36. Marrero JA, Kulik LM, Sirlin CV, et al. Diagnosis, staging, and management of hepatocel-

lular carcinoma: 2018 practice guidance by the American Association for the Study of liver 
disease. Hepatology. 2018;68:723–50.

 37. Sarasin FP, Giostra E, Hadengue A. Cost-effectiveness of screening for detection of small 
hepatocellular carcinoma in western patients with child-Pugh class a cirrhosis. Am J Med. 
1996;101:422–34.

 38. Chen CJ, Yang HI, Iloeje UH, et al. Hepatitis B virus DNA levels and outcomes in chronic 
hepatitis B. Hepatology. 2009;49:S72–84.

 39. Yang HI, Yuen MF, Chan HL, et al. Risk estimation for hepatocellular carcinoma in chronic 
hepatitis B (REACH-B): development and validation of a predictive score. Lancet Oncol. 
2011;12:568–74.

 40. Papatheodoridis G, Dalekos G, Sypsa V, et al. PAGE-B predicts the risk of developing hepa-
tocellular carcinoma in Caucasians with chronic hepatitis B on 5-year antiviral therapy. J 
Hepatol. 2016;64:800–6.

 41. Lok AS, Seeff LB, Morgan TR, et al. Incidence of hepatocellular carcinoma and associated 
risk factors in hepatitis C-related advanced liver disease. Gastroenterology. 2009;136:138–48.

 42. Piscaglia F, Swegliati-Baroni G, Barchetti A, et al. Clinical patterns of hepatocellular car-
cinoma in nonalcoholic fatty liver disease: a multicenter prospective study. Hepatology. 
2016;63:827–38.

 43. Singal A, Volk ML, Waljee A, et  al. Meta-analysis: surveillance with ultrasound for 
early-stage hepatocellular carcinoma in patients with cirrhosis. Aliment Pharmacol Ther. 
2009;30(1):37–47.

 44. Pocha C, Dieperink E, McMaken KA, et  al. Surveillance for hepatocellular cancer with 
ultrasonography vs. computed tomography—a randomized study. Aliment Pharmacol Ther. 
2013;38(3):303–12.

 45. Colli A, Fraquelli M, Casazza G, et al. Accuracy of ultrasonography, spiral CT, magnetic res-
onance, and alpha-fetoprotein in diagnosing hepatocellular carcinoma: a systematic review. 
Am J Gastroenterol. 2006;101:513–23.

 46. Tzartzeva K, Obi J, Rich NE, et al. Surveillance imaging and alpha fetoprotein for early detec-
tion of hepatocellular carcinoma in patients with cirrhosis: a meta-analysis. Gastroenterology. 
2018;154:1706–18.

 47. Gupta S, Bent S, Kohlwes J. Test characteristics of alpha-fetoprotein for detecting hepatocel-
lular carcinoma in patients with hepatitis C. A systematic review and critical analysis. Ann 
Intern Med. 2003;139:46–50.

 48. Biselli M, Conti F, Gramenzi A, et al. A new approach to the use of α-fetoprotein as surveillance 
test for hepatocellular carcinoma in patients with cirrhosis. Br J Cancer. 2015;112(1):69–76.

 49. Johnson PJ, Pirrie SJ, Cox TF, et al. The detection of hepatocellular carcinoma using a pro-
spectively developed and validated model based on serological biomarkers. Cancer Epidemiol 
Biomark Prev. 2014;23(1):144–53.

 50. Chernyak V, Fowler KJ, Kamaya A, et  al. Liver imaging reporting and data system 
(LI-RADS) version 2018: imaging of hepatocellular carcinoma in at-risk patients. Radiology. 
2018;289(3):816–30.

 51. Maturen KE, Nghiem HV, Marrero JA, et al. Lack of tumor seeding of hepatocellular car-
cinoma after percutaneous needle biopsy using coaxial cutting needle technique. AJR Am J 
Roentgenol. 2006;187:1184–7.

13 The Management of Hepatocellular Carcinoma



264

 52. Bartlett DL, Carr BI, Marsh JW, et al. Cancer of the liver. In: DeVita J, Vincent T, Hellman 
S, et al., editors. Cancer: principles & practice of oncology. 7th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2005. p. 986–1008.

 53. Qin LX, Tang ZY. Hepatocellular carcinoma with obstructive jaundice: diagnosis, treatment 
and prognosis. World J Gastroenterol. 2003;9(3):385–91.

 54. Miyamoto M, Sudo T, Kuyama T. Spontaneous rupture of hepatocellular carcinoma: a review 
of 172 Japanese cases. Am J Gastroenterol. 1991;86(1):67–71.

 55. Tanaka S, Kaibori M, Ueno M, et  al. Surgical outcomes for the ruptured hepatocellu-
lar carcinoma: multicenter analysis with a case-controlled study. J Gastrointest Surg. 
2016;20(12):2021–34.

 56. Lee YT, Geer DA.  Primary liver cancer: pattern of metastasis. J Surg Oncol. 
1987;36(1):26–31.

 57. Olubuyide IO. Pattern of metastasis of primary liver cancer at autopsy: an African series. 
Trop Gastroenterol. 1991;12(2):67–72.

 58. Katyal S, Oliver JH 3rd, Peterson MS, et al. Extrahepatic metastases of hepatocellular carci-
noma. Radiology. 2000;216(3):698–703.

 59. Zhou LY, Zeng ZC, Fan J, et al. Radiotherapy treatment of adrenal gland metastases from 
hepatocellular carcinoma: clinical features and prognostic factors. BMC Cancer. 2014;14:878. 
https://doi.org/10.1186/1471-2407-14-878.

 60. Natsuizaka M, Omura T, Akaike T, et al. Clinical features of hepatocellular carcinoma with 
extrahepatic metastases. J Gastroenterol Hepatol. 2005;20(11):1781–7.

 61. Uchino K, Tateishi R, Shiina S, et al. Hepatocellular carcinoma with extrahepatic metastasis: 
clinical features and prognostic factors. Cancer. 2011;117(19):4475–83.

 62. Yoon KT, Kim JK, Kim DY, et al. Role of 18F-fluorodeoxyglucose positron emission tomog-
raphy in detecting extrahepatic metastasis in pretreatment staging of hepatocellular carci-
noma. Oncology. 2007;72:104–10.

 63. Okuda K, Ohtsuki T, Obata H, et al. Natural history of hepatocellular carcinoma and progno-
sis in relation to treatment. Study of 850 patients. Cancer. 1985;56:918–28.

 64. Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the BCLC staging clas-
sification. Semin Liver Dis. 1999;19:329–38.

 65. Cillo U, Vitale A, Grigoletto F, et al. Prospective validation of the Barcelona Clinic Liver 
Cancer staging system. J Hepatol. 2006;44:723–31.

 66. Marrero JA, Fontana RJ, Barrat A, et al. Prognosis of hepatocellular carcinoma: comparison 
of 7 staging systems in an American cohort. Hepatology. 2005;41:707–15.

 67. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet. 2012;379:1245–55.
 68. About-Alfa GK, Pawlik TM, Shindoh J, et al. Liver. In: Amin MB, editor. AJCC cancer stag-

ing manual. 8th ed. Chicago: Springer; 2017. p. 287.
 69. Shindoh J, Andreou A, Aloia TA, et al. Microvascular invasion does not predict long-term 

survival in hepatocellular carcinoma up to 2 cm: reappraisal of the staging system for solitary 
tumors. Ann Surg Oncol. 2013;20:1223–9.

 70. Vauthey JN, Lauwers GY, Esnaola NF, et al. Simplified staging for hepatocellular carcinoma. 
J Clin Oncol. 2002;20:1527–36.

 71. Vauthey JN, Ribero D, Abdalla EK, et al. Outcomes of liver transplantation in 490 patients 
with hepatocellular carcinoma: validation of a uniform staging after surgical treatment. J Am 
Coll Surg. 2007;204:1016–27.

 72. Sieghart W, Hucke F, Peck-Radosavljevic M. Transarterial chemoembolization: modalities, 
indication, and patient selection. J Hepatol. 2015;62:1187–95.

 73. Garwood ER, Fidelman N, Hoch SE, et al. Morbidity and mortality following transarterial 
liver chemoembolization in patients with hepatocellular carcinoma and synthetic hepatic dys-
function. Liver Transpl. 2013;19:164–73.

 74. Salem R, Lewandowski RJ, Mulcahy MF, et al. Radioembolization for hepatocellular car-
cinoma using yttrium-90 microspheres: a comprehensive report of long-term outcomes. 
Gastroenterology. 2010;138:52–64.

 75. Livraghi T, Giogrio A, Marin G, et al. Hepatocellular carcinoma and cirrhosis in 746 patients: 
long-term results of percutaneous ethanol injection. Radiology. 1995;197(1):101–8.

R. R. McMillan and V. G. Agopian

https://doi.org/10.1186/1471-2407-14-878


265

 76. Sala M, Llovet JM, Vilana R, et al. Initial response to percutaneous ablation predicts survival 
in patients with hepatocellular carcinoma. Hepatology. 2004;40(6):1352–60.

 77. Cho YK, Kim JK, Kim MY, et al. Systematic review of randomized trials for hepatocellular 
carcinoma treated with percutaneous ablation therapies. Hepatology. 2009;49(2):453–9.

 78. Orlando A, Leandro G, Olivo M, et al. Radiofrequency thermal ablation vs. percutaneous 
ethanol injection for small hepatocellular carcinoma in cirrhosis: meta-analysis of random-
ized controlled trials. Am J Gastroenterol. 2009;104(2):514–24.

 79. Germani G, Pleguezuelo M. Gurusamy, et al. clinical outcomes of radiofrequency ablation, 
percutaneous alcohol and acetic acid injection for hepatocellular carcinoma: a meta-analysis. 
J Hepatol. 2010;52:380–8.

 80. Lee DH, Lee JM, Lee JY, et  al. Radiofrequency ablation of hepatocellular carcinoma as 
first-line treatment: long-term results and prognostic factors in 162 patients with cirrhosis. 
Radiology. 2014;270(3):900–9.

 81. Majumdar A, Roccarina D, Thorburn D, et al. Management of people with early- or very 
early-stage hepatocellular carcinoma: an attempted network meta-analysis. Cochrane 
Database Syst Rev. 2017;3:CD011650. https://doi.org/10.1002/14651858.CD011650.
pub2.

 82. Lencioni R, Cioni D, Crocetti L, et  al. Early-stage hepatocellular carcinoma in patients 
with cirrhosis: long-term results of percutaneous image-guided radiofrequency ablation. 
Radiology. 2005;234:961–7.

 83. Choi D, Lim HK, Rhim H, et al. Percutaneous radiofrequency ablation for early-stage hepa-
tocellular carcinoma as a first-line treatment: long-term results and prognostic factors in a 
large single-institution series. Eur Radiol. 2007;17(3):684–92.

 84. Wang X, Hu Y, Ren M, et al. Efficacy and safety of radiofrequency ablation combined with 
transcatheter arterial chemoembolization for hepatocellular carcinomas compared with radio-
frequency ablation alone: a time-to-event meta-analysis. Korean J Radiol. 2016;17(1):93–102.

 85. Yan S, Xu D, Sun B. Combination of radiofrequency ablation with transarterial chemoembo-
lization for hepatocellular carcinoma: a meta-analysis. Dig Dis Sci. 2012;57(11):3026–31.

 86. Ni JY, Liu SS, Xu LF, et al. Meta-analysis of radiofrequency ablation in combination with 
transarterial chemoembolization for hepatocellular carcinoma. World J Gastroenterol. 
2013;19(24):3872–82.

 87. Facciorusso A, Di Maso M, Muscatiello N. Microwave ablation versus radiofrequency abla-
tion for the treatment of hepatocellular carcinoma: a systematic review and meta-analysis. Int 
J Hyperth. 2016;32:339–44.

 88. Shibata T, Iimuro Y, Yamamoto Y, et  al. Small hepatocellular carcinoma: comparison of 
radio-frequency ablation and percutaneous microwave coagulation therapy. Radiology. 
2002;223:331–7.

 89. Kokabi N, Camacho JC, Xing M, et al. Open-label prospective study of the safety and effi-
cacy of glass-based yttrium 90 radioembolization for infiltrative hepatocellular carcinoma 
with portal vein thrombosis. Cancer. 2015;121(13):2164–74.

 90. Llovet JM, Real MI, Montana X, et al. Arterial embolization or chemoembolization versus 
symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomized 
controlled trial. Lancet. 2002;359:1734–9.

 91. Lo CM, Ngan H, Tso WK, et  al. Randomized controlled trial of transarterial lipi-
odol chemoembolization for unresectable hepatocellular carcinoma. Hepatology. 
2002;35(5):1164–71.

 92. Takayasu K, Arii S, Kudo M, et al. Superselective transarterial chemoembolization for hepa-
tocellular carcinoma. Validation of treatment algorithm proposed by Japanese guidelines. J 
Hepatol. 2012;56(4):888–92.

 93. Burrel M, Reig M, Forner A, et al. Survival of patients with hepatocellular carcinoma treated 
by transarterial chemoembolization (TACE) using drug eluting beads. Implications for clini-
cal practice and trial design. J Hepatol. 2012;56(6):1330–5.

 94. Malagari K, Pomoni M, Moschouris H, et al. Chemoembolization with doxorubicin-eluting 
beads for unresectable hepatocellular carcinoma: five-year survival analysis. Cardiovasc 
Intervent Radiol. 2012;35(5):1119–28.

13 The Management of Hepatocellular Carcinoma

https://doi.org/10.1002/14651858.CD011650.pub2
https://doi.org/10.1002/14651858.CD011650.pub2


266

 95. Marelli L, Stigliano R, Triantos C, et al. Transarterial therapy for hepatocellular carcinoma: 
which technique is more effective? A systematic review of cohort and randomized studies. 
Cardiovasc Intervent Radiol. 2007;30(1):6–25.

 96. Chan AO, Yuen MF, Hui CK, et al. A prospective study regarding the complications of trans-
catheter intraarterial lipiodol chemoembolization in patients with hepatocellular carcinoma. 
Cancer. 2002;94(6):1747–52.

 97. Sango B, Carpanese L, Cianni R, et al. Survival after yttrium-90 resin microsphere radio-
embolization of hepatocellular carcinoma across Barcelona clinic liver cancer stages: a 
European evaluation. Hepatology. 2011;54:868–78.

 98. Hilgard P, Hamami M, Fouly El A, et al. Radioembolization with yttrium-90 glass micro-
spheres in hepatocellular carcinoma: European experience on safety and long-term survival. 
Hepatology. 2010;52:1741–9.

 99. Salem R, Gordon AC, Mouli S, et al. Y90 radioembolization significantly prolongs time to 
progression compared with chemoembolization in patients with hepatocellular carcinoma. 
Gastroenterology. 2016;151:1155–63.

 100. Salem R, Lewandowski RJ, Kulik L, et  al. Radioembolization results in longer time-to- 
progression and reduced toxicity compared with chemoembolization in patients with hepato-
cellular carcinoma. Gastroenterology. 2011;140:497–507.

 101. Salem R, Gilbertsen M, Butt Z, et  al. Increased quality of life among hepatocellular car-
cinoma patients treated with radioembolization compared with chemoembolization. Clin 
Gastroenterol Hepatol. 2013;11:1358–65.

 102. Ingold JA, Reed GB, Kaplan HS, et al. Radiation hepatitis. Am J Roentgenol Radium Ther 
Nucl Med. 1965;93:200–8.

 103. Feng M, Suresh K, Schipper MJ, et al. Individualized adaptive stereotactic body radiotherapy 
for liver tumors in patients at high risk for liver damage: a phase 2 clinical trial. JAMA Oncol. 
2018;4:40–7.

 104. Weiner AA, Olsen J, Ma D, et al. Stereotactic body radiotherapy for primary hepatic malig-
nancies—report of a phase I/II institutional study. Radiother Oncol. 2016;121:79–85.

 105. Bujold A, Massey CA, Kim JJ, et  al. Sequential phase I and II trials of stereotactic body 
radiotherapy for locally advanced hepatocellular carcinoma. J Clin Oncol. 2013;31:1631–9.

 106. Lesley FD, Mannina EM, Johnson CS, et al. Treatment variables related to liver toxicity in 
patients with hepatocellular carcinoma, Child-Pugh class A and B enrolled in a phase 1-2 trial 
of stereotactic body radiation therapy. Pract Radiat Oncol. 2015;5:e443–d449.

 107. Mannina EM, Cardenes HR, Lasley FD, et al. Role of stereotactic body radiation therapy 
before orthotopic liver transplantation: retrospective evaluation of pathologic response and 
outcomes. Int J Radiat Oncol Biol Phys. 2017;97:931–8.

 108. Bush DA, Kayali Z, Grove R, et al. The safety and efficacy of high-dose proton beam radio-
therapy for hepatocellular carcinoma: a phase 2 prospective trial. Cancer. 2011;117:3053–9.

 109. Wahl DR, Stenmark MH, Tao YH, et al. Outcomes after stereotactic body radiotherapy or 
radiofrequency ablation for hepatocellular carcinoma. J Clin Oncol. 2016;34:452–9.

 110. Sapir E, Tao Y, Schipper MJ, et al. Stereotactic body radiation therapy as an alternative to 
transarterial chemoembolization for hepatocellular carcinoma. Int J Radiat Oncol Biol Phys. 
2018;100:122–30.

 111. Mehta N, Dodge JL, Goel A, et al. Identification of liver transplant candidates with hepato-
cellular carcinoma and a very low dropout risk: implications for the current organ allocation 
policy. Liver Transpl. 2013;19:1343–53.

 112. Tsochatzis E, Garcovich M, Marelli L, et al. Transarterial embolization as neoadjuvant ther-
apy pretransplantation in patients with hepatocellular carcinoma. Liver Int. 2013;33:944–9.

 113. Ibrahim SM, Kulik L, Baker T, et al. Treating and downstaging hepatocellular carcinoma in the 
caudate lobe with yttrium-90 radioembolization. Cardiovasc Interv Radiol. 2012;35:1094–101.

 114. Parikh ND, Waljee AK, Singal AG.  Downstaging hepatocellular carcinoma: a systematic 
review and pooled analysis. Liver Transplant. 2015;21:1142–52.

 115. Yao FY, Mehta N, Flemming J, et  al. Downstaging of hepatocellular cancer before liver 
transplant: long-term outcome compared to tumors within Milan criteria. Hepatology. 
2015;61:1968–77.

R. R. McMillan and V. G. Agopian



267

 116. Lei J, Wang W, Yan L. Downstaging advanced hepatocellular carcinoma to the Milan crite-
ria may provide a comparable outcome to conventional Milan criteria. J Gastrointest Surg. 
2013;17:1440–6.

 117. Therasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to evaluate the response to 
treatment in solid tumors (RECIST guidelines). J Natl Cancer Inst. 2000;92:205–16.

 118. Eisenhauer EA, Therasse P, Bogaerts J, et  al. New response evaluation criteria in solid 
tumours: revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45(2):228–47.

 119. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carci-
noma. Semin Liver Dis. 2010;30(1):52–60.

 120. Kokudo T, Hasegawa K, Matsuyama Y, et al. Survival benefit of liver resection for hepatocel-
lular carcinoma assocated with portal vein invasion. J Hepatol. 2016;65:938–43.

 121. Berzigotti A, Reig M, Abraldes JG, et al. Portal hypertension and the outcome of surgery for 
hepatocellular carcinoma in compensated cirrhosis: a systematic review and meta-analysis. 
Hepatology. 2015;61:526–36.

 122. Zipprich A, Kuss O, Rogowski S, et al. Incorporating indocyanin green clearance into the 
model for end stage liver disease (MELD-ICG) improves prognostic accuracy in intermediate 
to advanced cirrhosis. Gut. 2010;59:963–8.

 123. De Gasperi A, Mazza E, Prosperi M. Indocyanine green kinetics to assess liver function: ready 
for a clinical dynamic assessment in major liver surgery? World J Hepatol. 2016;8(7):355–67.

 124. Leung U, Simpson AL, Araujo RLC, et  al. Remnant growth rate after portal vein embo-
lization is a good early predictor of post-hepatectomy liver failure. J Am Coll Surg. 
2014;219(4):620–30.

 125. Parks KR, Kuo Y-H, Davis JM, et al. Laparoscopic vs. open liver resection: a meta-analysis 
of long-term outcome. HPB. 2014;16:109–18.

 126. Takahara T, Wakabyashi G, Beppu T, et al. Lon-gterm and perioperative outcomes of laparo-
scopic vs. open liver resection for hepatocellular carcinoma with propensity score matching: 
a multi-institutional Japanese study. J Hepatobiliary Pancreat Sci. 2015;22:721–7.

 127. Eguchi S, Kanematsu T, Arii S, et al. Comparison of the outcomes between an anatomical 
subsegmentectomy and a non-anatomical minor hepatectomy for single hepatocellular carci-
nomas based on a Japanese nationwide survey. Surgery. 2008;143:469–75.

 128. Ozawa K, Takayasu T, Kumada K, et al. Experience with 225 hepatic resections for hepato-
cellular carcinoma over a 4-year period. Am J Surg. 1991;161(6):677–82.

 129. Poon RT, Fan ST, Ng IO, et al. Signifance of resection margin in hepatectomy for hepatocel-
lular carcinoma: a critical reappraisal. Ann Surg. 2000;231(4):544–51.

 130. Rahbari NN, Garden JO, Padbury R, et al. Posthepatectomy liver failure: a definition and grad-
ing by the international study group of liver surgery (ISGLS). Surgery. 2011;149(5):713–24.

 131. Ressfelder C, Rahbari NN, Koch M, et al. Postoperative course and clinical significance of 
biochemical blood tests following hepatic resection. Br J Surg. 2011;98(6):836–44.

 132. Fukushima K, Fukumoto T, Kuramitsu K, et al. Assessment of ISGLS definition of posthepa-
tectomy liver failure and its effect on outcome in patients with hepatocellular carcinoma. J 
Gastrointest Surg. 2014;18:729–36.

 133. Rahbari NN, Garden JO, Padbury R, et al. Post-hepatectomy haemorrhage: a definition and 
grading by the international study group of liver surgery. HPB. 2011;13(8):528–35.

 134. Koch M, Garden JO, Padbury R, et al. Bile leakage after hepatobiliary and pancreatic sur-
gery: a definition and grading of severity by the international study group of liver surgery. 
Surgery. 2011;149(5):680–8.

 135. Tabrizian P, Roayaie S, Schwartz ME.  Current management of hepatocellular carcinoma. 
World J Gastroenterol. 2014;20(30):10223–37.

 136. Imamura H, Matsuyama Y, Tanaka E, et  al. Risk factors contributing to early and late 
phase intrahepatic recurrence of hepatocellular carcinoma after hepatectomy. J Hepatol. 
2003;38(2):200–7.

 137. Tabrizian P, Jibara G, Shrager B, et al. Recurrence of hepatocellular cancer after resection: 
patterns, treatments, and prognosis. Ann Surg. 2015;26:947–55.

 138. Belghiti J, Cortes A, Abdalla EK, et al. Resection prior to liver transplantation for hepatocel-
lular carcinoma. Ann Surg. 2003;238(6):885–93.

13 The Management of Hepatocellular Carcinoma



268

 139. De Haas RJ, Lim C, Bhangui P, et  al. Curative salvage liver transplantation in patients 
with cirrhosis and hepatocellular carcinoma: an intention-to-treat analysis. Hepatology. 
2018;67(1):204–15.

 140. Bhangui P, Allard MA, Vibert E, et  al. Salvage versus primary liver transplantation for 
early hepatocellular carcinoma: do both strategies yield similar outcomes? Ann Surg. 
2016;264(1):155–63.

 141. Lee SY, Konstantinidis IT, Eaton AA, et al. Predicting recurrence patterns after resection of 
hepatocellular cancer. HPB. 2014;16(10):943–53.

 142. Zheng J, Chou JF, Gonen M, et al. Prediction of hepatocellular carcinoma recurrence beyond 
Milan criteria after resection: validation of a clinical risk score in an international cohort. Ann 
Surg. 2017;266(4):693–701.

 143. Van Thiel DH, Carr B, Iwatsuki S, et al. The 11-year Pittsburgh experience with liver trans-
plantation for hepatocellular carcinoma: 1981-1991. J Surg Oncol Suppl. 1993;3:78–82.

 144. Iwatsuki S, Gordon RD, Shaw BW, et al. Role of liver transplantation in cancer therapy. Ann 
Surg. 1985;202:401–7.

 145. Olthoff KM, Millis JM, Rosove MH, et al. Is liver transplantation justified for the treatment 
of hepatic malignancies. Arch Surg. 1990;125:1261–6.

 146. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for the treatment of small hepa-
tocellular carcinomas in patients with cirrhosis. N Engl J Med. 1996;14:693–9.

 147. Clavien P-AP-A, Lesurtel M, Bossuyt PMM, et  al. Recommendations for liver transplan-
tation for hepatocellular carcinoma: an international consensus conference report. Lancet 
Oncol. 2012;13:e11–22.

 148. Mazzaferro V, Bhoori S, Sposito C, et al. Milancriteria in liver transplantation for hepatocel-
lular carcinoma: an evidence-based analysis of 15 years of experience. Liver Transplant. 
2011;17:S44–57.

 149. Kim WR, Lake JR, Smith JM, Schladt DP, Skeans MA, Noreen SM, et al. OPTN/SRTR 2017 
annual data report: liver. Am J Transplant. 2019;19 Suppl 2:184–283.

 150. Freeman RB, Wiesner RH, Harper A, et al. The new liver allocation system: moving toward 
evidence-based transplantation policy. Liver Transpl. 2002;8:851–8.

 151. Washburn K, Edwards E, Harper A, et al. Hepatocellular carcinoma patients are advantaged 
in the current liver transplant allocation system. Am J Transplant. 2010;10(7):1643–8.

 152. Massie AB, Caffo B, Gentry SE, et al. MELD exceptions and rates of waiting list outcomes. 
Am J Transplant. 2011;11(11):2362–71.

 153. Singal AK, Guturu P, Hmoud B, et al. Evolving frequency and outcomes of liver transplanta-
tion based on etiology of liver disease. Transplantation. 2013;95(5):755–60.

 154. Halazun KJ, Patzer RE, Rana AA, et al. Standing the test of time: outcomes of a decade of 
prioritizing patients with hepatocellular carcinoma, results of the UNOS natural geographic 
experiment. Hepatology. 2014;60:1957–62.

 155. Heimbach JK, Hirose R, Stock PG, et al. Delayed hepatocellular carcinoma model for end- 
stage liver disease expception score improves disparity in access to liver transplant in the 
United States. Hepatology. 2015;61:1643–50.

 156. Prentice MA. Changes to HCC Criteria for Auto Approval. OPTN/UNOS Liver and Intestinal 
Organ Transplantation Committee 2016 [cited 2019 March 10]. Available from: https://optn.
transplant.hrsa.gov/media/1922/liver_hcc_criteria_for_auto_approval_20160815.pdf.

 157. Yao FY, Ferrell L, Bass NM, et al. Liver transplantation for hepatocellular carcinoma: expansion 
of the tumor size limits does not adversely impact survival. Hepatology. 2001;33:1394–403.

 158. Yao FY, Xiao L, Bass NM, et  al. Liver transplantation for hepatocellular carcinoma: vali-
dation of the UCSF-expanded criteria based on preoperative imaging. Am J Transplant. 
2007;7:2587–96.

 159. Mazzaferro V, Llovet JM, Miceli R, et al. Predicting survival after liver transplantation in 
patients with hepatocellular carcinoma beyond the Milan criteria: a retrospective, exploratory 
analysis. Lancet Oncol. 2009;10:35–43.

R. R. McMillan and V. G. Agopian

https://optn.transplant.hrsa.gov/media/1922/liver_hcc_criteria_for_auto_approval_20160815.pdf
https://optn.transplant.hrsa.gov/media/1922/liver_hcc_criteria_for_auto_approval_20160815.pdf


269

 160. Toso C, Meeberg G, Hernandez-Alejandro R, et al. Total tumor volume and alpha-fetoprotein 
for selection of transplant candidates with hepatocellular carcinoma: a prospective validation. 
Hepatology. 2015;62:158–65.

 161. Duvoux C, Roudot-Thoraval F, Decaens T, et al. Liver transplantation for hepatocellular car-
cinoma: a model including alpha-fetoprotein improves the performance of Milan criteria. 
Gastroenterology. 2012;143:985–6.

 162. Allocation of Livers and Liver-Intestines. In: Organ Procurement and Transplantation 
Network Policies. OPTN; 2019. http://optn.transplant.hrsa.gov/policiesAndBylaws/policies.
asp. Accessed 9 Feb 2019.

 163. Bhangui P, Vibert E, Majno P, et  al. Intention-to-treat analysis of liver transplantation for 
hepatocellular carcinoma: living versus deceased donor transplantation. Hepatology. 
2011;53:1570–9.

 164. Sarasin FP, Majino PE, Llovet JM, et al. Living donor liver transplantation for early hepa-
tocellular carcinoma: a life-expectancy and cost-effectiveness perspective. Hepatology. 
2001;33:1073–9.

 165. Cheng SJ, Pratt DS, Freeman RB, et  al. Living-donor versus cadaveric liver transplanta-
tion for non-resectable small hepatocellular carcinoma and compensated cirrhosis: a decision 
analysis. Transplantation. 2001;72:861–8.

 166. Hong SK, Lee KW, Kim HS, et al. Living donor liver transplantation for hepatocellular car-
cinomain Seoul national university. Hepato Biliary Surg Nutr. 2016;5:453–60.

 167. Kulik LM, Fisher RA, Rodrigo DR, et  al. Outcomes of living and deceased donor liver 
transplant recipients with hepatocellular carcinoma: results of the A2ALL cohort. Am J 
Transplant. 2012;12:2997–3007.

 168. Duffy JP, Vardanian A, Benjamin E, et  al. Liver transplantation criteria for hepatocellular 
carcinoma should be expanded: a 22-year experience with 467 patients at UCLA. Ann Surg. 
2007;246:502–9.

 169. Sotiropoulos GC, Molmenti EP, Losch C, et  al. Meta-analysis of tumor recurrence aftet 
liver transplantation for hepatocellular carcinoma based on 1,198 cases. Eur J Med Res. 
2007;12:527–34.

 170. Agopian VG, Harlander-Locke M, Zarrinpar A, et al. A novel prognostic nomogram accu-
rately predicts hepatocellular carcinoma recurrence after liver transplantation: analysis of 865 
consecutive liver transplant recipients. J Am Coll Surg. 2015;220:416–27.

 171. Mehta N, Heimbach J, Harnois DM, et al. Validation of a risk estimation of tumor recurrence 
after transplant (RETREAT) score for hepatocellular carcinoma recurrence after liver trans-
plant. JAMA Oncol. 2017;3:493–500.

 172. Halazun KJ, Najjar M, Abdelmessih RM, et  al. Recurrence after liver transplantation for 
hepatocellular carcinoma: a new MORAL to the story. Ann Surg. 2017;265:557–64.

 173. Bodzin AS, Lunsford KE, Markovic D, et  al. Predicting mortality in patients developing 
recurrent hepatocellular carcinoma after liver transplantation: impact of treatment modality 
and recurrence characteristics. Ann Surg. 2017;266(1):118–25.

 174. De’Angelis N, Landi F, Carra MC, et al. Managements of recurrent hepatocellular carcinoma 
after liver transplantation: a systematic review. World J Gastroenterol. 2015;21(39):1185–98.

 175. Sapisochin G, Goldaracena N, Astete S, et al. Benefit of treating hepatocellular carcinoma 
recurrence after liver transplantation and analysis of prognostic factors for survival in a large 
euro-American series. Ann Surg Oncol. 2015;22(7):2286–94.

 176. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in advanced hepatocellular carcinoma. N 
Engl J Med. 2008;359:378–90.

 177. Cheng AL, Kang YK, Lin DY, et al. Sunitinib versus sorafenib in advanced hepatocellular 
cancer: results of a randomized phase III trial. J Clin Oncol. 2013;31(32):4067–75.

 178. Johnson PJ, Qin S, Park JW, et al. Brivanib versus sorafenib as first-line therapy in patients 
with unresectable, advanced hepatocellular carcinoma: results from the randomized phase III 
BRISK-FL study. J Clin Oncol. 2013;31(28):3517–24.

13 The Management of Hepatocellular Carcinoma

http://optn.transplant.hrsa.gov/policiesAndBylaws/policies.asp
http://optn.transplant.hrsa.gov/policiesAndBylaws/policies.asp


270

 179. Cainap C, Qin S, Huang WT, et al. Linifanib versus sorafenib in patients with advanced hepa-
tocellular carcinoma: results of a randomized phase III trial. J Clin Oncol. 2015;33(2):172–9.

 180. Zhu AX, Rosmorduc O, Evans TR, et al. SEARCH: a phase III, randomized, double-blind, 
placebo-controlled trial of sorafenib plus erlotinib in patients with advanced hepatocellular 
carcinoma. J Clin Oncol. 2015;33(6):559–66.

 181. Semela D, Dufour JF. Angiogenesis and hepatocellular carcinoma. J Hepatol. 2004;41:864–80.
 182. Ito Y, Sasaki Y, Horimoto M, et al. Activation of mitogen-activated protein kinases/extracellu-

lar signal-regularted kinases in human hepatocellular carcinoma. Hepatology. 1998;27:951–8.
 183. Bruix J, Raoul JL, Sherman M, et al. Efficacy and safety of sorafenib in patients with advanced 

hepatocellular carcinoma: subanalyses of a phase III trial. J Hepatol. 2012;57:821–9.
 184. Abou-Alfa GK, Amadori D, Sanoro A, et al. Safety and efficacy of sorafenib in patients with 

hepatocellular carcinoma (HCC) and Child-Pugh A versus B cirrhosis. Gastrointest Cancer 
Res. 2011;4:40–4.

 185. Pinter M, Sieghart W, Graziadei I, et al. Sorafenib in unresectable hepatocellular carcinoma 
from mild to advanced stage liver cirrhosis. Oncologist. 2009;14:70–6.

 186. Abou-Alfa GK, Johnson P, Knox JJ, et  al. Doxorubicin plus sorafenib vs doxorubicin 
alone in patients with advanced hepatocellular carcinoma: a randomized trial. JAMA. 
2010;304:2154–60.

 187. Bruix J, Takayama T, Mazzaferro V, et  al. Adjuvant sorafenib for hepatocellular carci-
noma after resection or ablation (STORM): a phase 3, randomized, double-blind, placebo- 
controlled trial. Lancet Oncol. 2015;16(13):1344–54.

 188. Kudo M, Finn RS, Qin S, et al. Lenvatinib versus sorafenib in first-line treatment of patients 
with unresectable hepatocellular carcinoma: a randomized phase 3 non-inferiority trial. 
Lancet. 2018;391:1163–73.

 189. Bruix J, Qin S, Merle P, et al. Regorafenib for patients with hepatocellular carcinoma who 
progressed on sorafenib treatment (RESORCE): a randomized, double-blind, placebo- 
controlled, phase 3 trial. Lancet. 2017;389:56–66.

 190. Abou-Alfa GK, Meyer T, Cheng AL, et al. Cabozantinib in patients with advanced and pro-
gressing hepatocellular carcinoma. N Engl J Med. 2018;379:54–63.

 191. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patietns with advanced hepatocellular 
carcinoma (CheckMate040): an open-label, non-comparative, phase 1/2 dose escalation and 
expansion trial. Lancet. 2017;389:2492–502.

 192. Crocenzi TS, El-Khoueiry AB, Yau TC, et al. Nivolumab (nivo) in sorafenib (sor)-naïve and 
–experienced pts with advanced hepatocellular carcinoma (HCC): CheckMate 040 study. J 
Clin Oncol. 2017;35:4013. https://doi.org/10.1200/jco.2017.35.15_suppl.4013.

 193. Zhu AX, Finn RS, Edeline J, et al. Pembrolizumab in patients with advanced hepatocellular 
carcinoma previously treated with sorafenib (KEYNOTE-224): a non-randomised, open- 
label phase 2 trial. Lancet Oncol. 2018;19:940–52.

 194. Herrero JI, Sangro B, Quiroga J, et al. Influence of tumor characteristics on the outcome of 
liver transplantation among patients with liver cirrhosis and hepatocellular carcinoma. Liver 
Transpl. 2001;7:631–6.

 195. Roayaie S, Frischer JS, Emre SH, et al. Long-term results with multimodal adjuvant therapy 
and liver transplantation for the treatment of hepatocellular carcinomas larger than 5 centi-
meters. Ann Surg. 2002;235:533–9.

 196. Kneteman NM, Oberholzer J, Al Saghier M, et al. Sirolimus-based immunosuppression for 
liver transplantation in the presence of extended criteria for hepatocellular carcinoma. Liver 
Transpl. 2004;10:1301–11.

 197. Onaca N, Davis GL, Goldstein RM, et  al. Expanded criteria for liver transplantation in 
patients with hepatocellular carcinoma: a report from the International Registry of Hepatic 
Tumors in Liver Transplantation. Liver Transpl. 2007;13:391–9.

 198. Soejima Y, Taketomi A, Yoshizumi T, et al. Extended indication for living donor liver trans-
plantation in patients with hepatocellular carcinoma. Transplantation. 2007;83:893–9.

R. R. McMillan and V. G. Agopian

https://doi.org/10.1200/jco.2017.35.15_suppl.4013


271

 199. Jonas S, Mittler J, Pascher A, et al. Living donor liver transplantation of the right lobe for 
hepatocellular carcinoma in cirrhosis in a European center. Liver Transpl. 2007;13:896–903.

 200. Sugawara Y, Tamura S, Makuuchi M. Living donor liver transplantation for hepatocellular 
carcinoma: Tokyo University series. Dig Dis. 2007;25:310–2.

 201. Kwon CH, Kim DJ, Han YS, et al. HCC in living donor liver transplantation: can we expand 
the Milan criteria? Dig Dis. 2007;25:313–9.

 202. Takada Y, Ito T, Ueda M, et  al. Living donor liver transplantation for patients with HCC 
exceeding the Milan criteria: a proposal of expanded criteria. Dig Dis. 2007;25:299–302.

 203. Silva M, Moya A, Berenguer M, et al. Expanded criteria for liver transplantation in patients 
with cirrhosis and hepatocellular carcinoma. Liver Transpl. 2008;14:1449–60.

 204. Zheng SS, Xu X, Wu J, et al. Liver transplantation for hepatocellular carcinoma: Hangzhou 
experiences. Transplantation. 2008;85:1726–32.

 205. Fujiki M, Takada Y, Ogura Y, et  al. Significance of des-gamma-carboxy prothrombin in 
selection criteria for living donor liver transplantation for hepatocellular carcinoma. Am J 
Transplant. 2009;9:2362–71.

 206. Lai Q, Avolio AW, Manzia TM, et al. Combination of biological and morphological param-
eters for the selection of patients with hepatocellular carcinoma waiting for liver transplanta-
tion. Clin Transplant. 2012;26:E125–31.

 207. Grat M, Kornasiewicz O, Lewandowski Z, et al. Combination of morphologic criteria and 
α-fetoprotein in selection of patients with hepatocellular carcinoma for liver transplantation 
minimizes the problem of posttransplant tumor recurrence. World J Surg. 2014;38:2698–707.

 208. Lee SD, Kim SH, Kim SK, et  al. Clinical Impact of 18F-Fluorodeoxyglucose Positron 
Emission Tomography/Computed Tomography in Living Donor Liver Transplantation for 
Advanced Hepatocellular Carcinoma. Transplantation. 2015;99:2142–9.

13 The Management of Hepatocellular Carcinoma


	Chapter 13: The Management of Hepatocellular Carcinoma
	Epidemiology
	Pathophysiology
	Diagnosis and Staging
	Surveillance and Diagnosis
	Clinical Presentation and Staging

	Locoregional Therapy
	Ablative Therapies
	Transarterial Therapies
	External Beam Radiation Therapy
	LRT for Bridging and Downstaging Before Liver Transplantation
	Assessing Response to Treatment

	Surgical Resection
	Liver Transplantation
	History and Organ Allocation
	Pretransplant Models to Expand Eligibility Criteria to Beyond Milan
	Wait-List Management: Surveillance and Bridging Therapy
	Living Donor LT for HCC
	HCC Recurrence After Liver Transplantation

	Systemic Therapy
	References




