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Abbreviations

PST Performance status (ECOG classification)
CLT Cadaveric liver transplantation

LDLT Living donor liver transplantation

RF Radiofrequency ablation

PEI Percutaneous ethanol injection

TACE Transarterial chemoembolization

(ON] Overall survival

Learning Objectives

After reading this chapter, you should be able to:

— Describe the diagnostic workup for a sus-
pected hepatocellular carcinoma liver lesion

— Understand the multiple staging systems for
patients with hepatocellular carcinoma

— Appreciate the treatment paradigm for hepato-
cellular carcinoma within the context of HCC
stage and the severity of underlying liver
disease

— Understand the indications for hepatic resec-
tion, transplantation, locoregional therapy,
and systemic therapy for patients with hepato-
cellular carcinoma
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Introduction

Hepatocellular carcinoma (HCC) is the most
common primary liver malignancy worldwide
and ranks as the fifth most common cancer diag-
nosis overall and the third leading cause of can-
cer mortality worldwide [1]. In Southeast Asia
and sub-Saharan Africa, regions where hepatitis
B is endemic and the incidence of HCC is high-
est, HCC is currently the leading cause of cancer
mortality [1, 2]. In the United States, greater than
30,000 new cases of HCC are diagnosed each
year, with over 21,000 deaths due to HCC esti-
mated to occur. The annual incidence of both new
diagnoses and deaths attributed to HCC contin-
ues to increase; in fact, the incidence of HCC in
the United States tripled between 1975 and 2005,
largely due to the increasing prevalence of hepa-
titis C-related cirrhosis [1, 3]. Most cases of HCC
arise in the setting of chronic liver disease,
regardless of the etiology, with viral hepatitis B
and C, alcohol abuse, and nonalcoholic steato-
hepatitis (NASH) constituting the majority of
cases. Patients with cirrhosis have a significant
risk, estimated at 1-8 % per year and a greater
than 30 % lifetime risk, of developing HCC
within the cirrhotic liver [4]. Even more concern-
ing are recent data suggesting that the risk of
developing HCC may be accentuated in the set-
ting of cirrhosis secondary to nonalcoholic fatty
liver disease (NAFLD) or NASH [5].

Despite advances in nonsurgical interventional
therapies, the best potential curative treatment
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Fig.15.1 MRI appearance of an HCC lesion in the left liver lobe demonstrating characteristic enhancement in the early
arterial phase (a), with subsequent contrast washout in the delayed, portal venous phase (b)

option for HCC remains resection: either in the
form of partial hepatectomy or liver transplanta-
tion [6-9]. Optimal surgical management of HCC
patients remains a point of debate, due to vari-
ability in disease status and degree of liver fibro-
sis, with practices varying among institutions
worldwide.

Diagnostic Workup and Staging

Cross-sectional imaging is a key component of
the diagnostic algorithm for patients with sus-
pected HCC. Ultrasound may be valuable in the
context of surveillance screening patients at risk
for HCC or as an initial imaging modality, but
definitive radiologic diagnosis requires contrast-
enhanced computed tomography (CT) or mag-
netic resonance imaging (MRI). Clinical practice
guidelines adopted by the American Association
for the Study of Liver Diseases (AASLD) and by
the European Association for the Study of the
Liver/European Organisation for Research and
Treatment of Cancer (EASL/EORTC) outline
noninvasive diagnostic imaging criteria for HCC
[10]. HCC nodules typically have characteristic
features of intense arterial enhancement followed
by contrast washout during delayed or portal
venous phases, as a result of their hypervascular-
ity and dependence on hepatic arterial circulation
(Fig. 15.1).

For patients with cirrhosis, lesions greater than
1 cm in size that display these hallmark imaging

characteristics are diagnostic of HCC and do not
require a confirmatory tissue biopsy. For patients
with liver nodules suspicious for HCC but lack-
ing these imaging features on one imaging study,
a second modality should be considered. If imag-
ing remains inconclusive, or for patients with
liver nodules arising in the absence of underlying
cirrhosis, histologic confirmation by core needle
biopsy is necessary for pathologic diagnosis.
Improved imaging technology and adoption of
the diagnostic criteria above have helped limit the
need for invasive percutaneous biopsy, which car-
ries risks of potential complications such as tumor
rupture or biopsy track seeding, estimated at
0-5.1 % [11, 12]. Serum alpha-fetoprotein (AFP)
may play a role as an adjunctive test in patients
with suspicious liver lesions, with some degree of
AFP elevation observed in the majority of
patients, but elevated AFP levels are not a requi-
site component of the most recent iteration of
diagnostic criteria [13]. An initially elevated AFP
level, however, can be of benefit to gauge tumor
response to therapy and monitor for future recur-
rence following treatment.

Cross-sectional imaging also provides infor-
mation regarding morphologic features of the
HCC, including tumor focality (uninodular vs.
multinodular), macrovascular invasion, presence
of main portal or hepatic venous thrombus, and
involvement of the biliary tree, as well as poten-
tial lymph node involvement or extrahepatic
spread of disease (Figs. 15.2 and 15.3). Chest
imaging is also appropriate, as HCC commonly
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Fig.15.2 Small HCC lesion arising in the background of
a cirrhotic liver. In the absence of any evidence of vascular
invasion or distant metastases, this lesion would meet
Milan Criteria

Fig. 15.3 A large HCC lesion arising in the setting of
otherwise normal-appearing liver parenchyma

metastasizes to the lungs. Clinical management
of patients with HCC requires an understanding
of these tumor-specific features as well as the
severity of their liver dysfunction and natural his-
tory of cirrhosis.

Patients with HCC typically have some degree
of underlying liver disease, the severity of which
can be quantified on the basis of the Child-
Turcotte-Pugh (CTP) score or the Model for End-
Stage Liver Disease (MELD) score. The CTP
score stratifies patients with underlying cirrhosis
on a scale of 5-15 points and incorporates points
assigned for quantitative serum values for biliru-
bin, albumin, and INR (international normalized
ratio) as well as the more subjective variables of
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Table 15.1 Child-Turcotte-Pugh (CTP) classification of
hepatic function

Variable 1 Point 2 Points 3 Points

Serum bilirubin  <2.0 2.0-3.0 >3.0

(mg/dL)

Serum albumin >3.5 2.8-3.5 <2.8

(g/dL)

INR <1.7 1.7-2.3 >2.3

Ascites Absent Slight Moderate—severe
Encephalopathy None  Mild (I-II) Severe (III-1V)
(grade)

CTP Class A=5-6 points; Class B=7-9 points; Class
C=10-15 points. Abbreviations: /NR international nor-
malized ratio

ascites and encephalopathy (Table 15.1) [14, 15].
Patients with CTP Class A cirrhosis (score of 5-6
points) have a 2-year mortality risk of 10 % ver-
sus 20-40 % for those with Class B cirrhosis
(score of 7-9 points) or 50-80 % for those with
Class C cirrhosis (score 10-15 points) [14].

The MELD score, calculated from the patient’s
serum creatinine, bilirubin, and INR values using
a linear regression model, is more objective than
the CTP score as it does not incorporate subjec-
tive variables such as degree of ascites or enceph-
alopathy [16]. The MELD score ranges from 6 to
40 and has been demonstrated to have prognostic
value for survival in patients with underlying
chronic liver disease, regardless of the etiology.
Importantly, neither of these scoring systems
assess tumor involvement.

As compared with other solid tumor types, the
TNM staging system is less commonly employed
for HCC, as it does not account for liver dysfunc-
tion, a crucial variable when examining treatment
options for individual patients. The 7th edition
American Joint Committee on Cancer (AJCC)
staging system defines the stages for HCC as fol-
lows (Table 15.2): Stage I as a solitary tumor, any
size, without vascular invasion; Stage II as a soli-
tary tumor with vascular invasion or multiple
tumors but none >5 cm in size; Stage IITA as mul-
tiple tumors with at least one >5 cm in size; Stage
IIIB as one or more tumors of any size involving
a major branch of the portal vein or hepatic veins;
and Stage IIIC as tumor(s) with perforation of
the visceral peritoneum or direct invasion of
adjacent organs other than the gallbladder [18].
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Table 15.2 American Joint Committee on Cancer (AJCC)
TNM Staging for Hepatocellular Carcinoma (7th edition)
Primary tumor (T)

TX  Primary tumor cannot be assessed

TO  No evidence of primary tumor

T1 Solitary tumor without vascular invasion

T2  Solitary tumor with vascular invasion or multiple
tumors, none>5 cm

T3a
T3b

Multiple tumors, one or more>5 cm

Tumor(s), any size, involving major branch of
portal vein or hepatic veins

T4 Tumor(s) with perforation of visceral peritoneum
or direct invasion of adjacent organs other than
the gallbladder

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)
MO No distant metastasis

M1 Distant metastasis

Anatomic stage/prognostic groups

Group T N M

Stage | Tl NO MO
Stage II T2 NO MO
Stage IIIA T3a NO MO
Stage I1IB T3b NO MO
Stage IIIC T4 NO MO
Stage IVA Any T N1 MO
Stage IVB Any T Any N Ml

Adapted from Compton et al. [17]. With permission from
Springer Verlag

Any regional lymph node involvement or distant
metastases is classified as Stage IV disease.
Several alternative staging systems have been
proposed to better define the prognosis of patients
with HCC and appropriately stratify patients for
treatment. One of the more established clinical
staging systems is the Barcelona Clinic Liver
Cancer (BCLC) system [19]. The BCLC classifi-
cation stratifies patients on the basis of hepatic
function as represented by the CTP score, clinical
Eastern Cooperative Oncology Group (ECOG)
performance status, and tumor stage, which
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encompasses tumor size, number of lesions, pres-
ence of vascular invasion, and extrahepatic spread
of disease. Subsequent updates to the BCLC clas-
sification scheme have incorporated additional
evidence-based treatment recommendations [0,
20]. The widely adopted EASL/EORTC consen-
sus guidelines for management of HCC follow
the BCLC staging algorithm (Fig. 15.4).

Very early HCC (BCLC Stage 0) includes
patients with an ECOG performance status O;
well-preserved liver function, defined as CTP
Class A along with normal serum bilirubin and
normal portal pressures; and a solitary HCC
tumor, measuring less than 2 cm, with no evidence
of vascular invasion. While few patients are typi-
cally diagnosed this early in their disease course,
resection and transplantation both offer excellent
5-year survival rates of 80-90 % [21]. Early HCC
(BCLC Stage A) includes patients with ECOG
performance status 0, well-compensated CTP
Class A liver disease, and solitary tumors >2 cm
or up to three tumors, each <3 cm in diameter. For
appropriately selected patients, 5-year survival
approaches 50-70 % following hepatic resection
or liver transplant [22].

Intermediate HCC (BCLC Stage B) includes
patients with ECOG performance status 0, mod-
erate liver dysfunction within CTP Class A or B,
and large or multinodular tumors. As the majority
of patients within BCLC Stage B are not surgical
candidates for resection or transplant, locore-
gional therapy with chemoembolization gener-
ally offers the best chance for improved symptom
control and survival within this cohort [19, 23].

Patients with advanced HCC (BCLC Stage C)
include patients with diminished ECOG perfor-
mance status, moderate liver disease within CTP
Class A or B, and advanced tumors exhibiting
macrovascular invasion and/or extrahepatic
spread in the form of nodal disease or distant
metastases. Stage C patients have a poor progno-
sis, and the multi-kinase inhibitor sorafenib
(Onyx Pharmaceuticals, San Francisco, CA) is
currently the only therapeutic option shown to
have a survival benefit, demonstrating a 3-month
improvement in overall survival as compared
to placebo [24]. For patients without portal
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HCC
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Curative treatment (30-40%) Target: 20% Target: 40% Target: 10%
Median OS >60 mo; 5-yr survival: 40-70% 08S: 20 mo (45-14) 08S: 11 mo (6-14) 0S: <3 mo

Fig.15.4 BCLC (Barcelona Clinic Liver Cancer) staging
system for management of HCC (Reprinted from
European Association for the Study of the Liver, European
Organisation for Research and Treatment of Cancer.

invasion or metastatic disease, locoregional
liver-directed therapy with chemoembolization
or radioembolization in addition to sorafenib can
be considered.

Patients within BCLC Stage D include patients
with extremely poor performance status (ECOG
3-4), advanced liver disease within CTP Class C,
and advanced HCC. These patients have a termi-
nal prognosis, with median survival of 3—4
months, and are treated with best supportive care
and palliation [19].

Hepatic Resection

For patients with normal or minimally diseased
underlying liver parenchyma and HCC amenable
to surgical resection, liver resection remains the
treatment of choice. Most patients, however,

EASL-EORTC clinical practice guidelines: management
of hepatocellular carcinoma. J Hepatol 2012;56(4):908—
43. With permission from Elsevier.)

develop HCC in the setting of some degree of
underlying liver disease or dysfunction, making
appropriate patient selection for resection essen-
tial. Most patients with well-compensated CTP
Class A cirrhosis can typically tolerate hepatic
resection, while patients with Class C cirrhosis
and nearly all patients with Class B cirrhosis are
not candidates for resection. The presence of sig-
nificant portal hypertension, the sequelae of
which are typically detectable on preoperative
imaging in the form of parenchymal changes,
splenomegaly, and/or varices, is a risk factor for
postoperative liver failure following resection.
Low preoperative platelet count, another hall-
mark of portal hypertension, has also been shown
to be an important independent risk factor for
increased complications, postoperative liver
insufficiency, and mortality following hepatic
resection for HCC [25]. Pathologically, the
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Fig. 15.5 (a) Hepatocellular carcinoma arising within a
cirrhotic liver (note the fibrotic, nodular appearance of the
uninvolved liver). (b) Liver remnant following limited

degree of hepatic fibrosis can be quantified by the
METAVIR scoring system, which assigns a score
on a five-point scale from 0 to 4, ranging from no
liver scarring to cirrhosis or advanced scarring
[26]. This score in turn is predictive of liver’s
ability to regenerate following hepatic resection.

A key consideration is the extent of the
indicated hepatic resection, which must be bal-
anced against the need to preserve an adequate
functional liver remnant (FLR) with hepatic por-
tal and arterial inflow, venous outflow, and biliary
drainage [27]. The volume of the FLR (ideally
>30 % of the total liver volume for patients with
normal liver parenchyma or >40 % for well-
compensated patients with cirrhotic liver paren-
chyma) must be taken into account, particularly
in the setting of underlying liver disease [27].
Hepatic resection in the setting of fibrosis or cir-
rhosis carries increased risk of hepatic insuffi-
ciency and perioperative complications; this risk
increases with the extent of resection (Fig. 15.5a,
b). Portal vein embolization is a potential option
to induce hypertrophy and increase the size of the
FLR in cases where preoperative volumetric cal-
culations suggest an inadequate FLR will remain
following partial hepatectomy.

Ideal candidates for resection are patients with
minimal or well-compensated liver dysfunction
and unifocal, small lesions<5 cm [7]. While
multifocality and larger tumor size are not abso-
lute contraindications for surgical resection, both

hepatic resection of HCC lesion, again demonstrating the
characteristic nodular appearance of cirrhosis

features are surrogate markers for microscopic
vascular invasion and more aggressive tumor his-
tology [28]. Other tumor features associated with
increased recurrence and worse survival include
vascular invasion, infiltrative growth pattern,
positive margin status, and lymph node involve-
ment [29, 30]. In the absence of other adverse
features, however, solitary tumors larger than
5 cm can be considered for resection if they
involve <50 % of the liver, as resection may offer
5-year survival rates of 20-25 % (Fig. 15.6a, b)
[29, 30]. Resection margins of >2 cm are advo-
cated when possible, as long as the adequacy of
the FLR size is not compromised, as they are
associated with improved recurrence-free and
overall survival outcomes versus resection mar-
gins of 1 cm [31]. Techniques of resection are
beyond the scope of this review, and we refer our
readers to the following excellent sources:

¢ Poon RT. Current techniques of liver transec-
tion. HPB. 2007; 9(3): 166-73.

¢ Cunningham SC, Schulick RD. Management
of Primary Malignant Liver Tumors. In:
Cameron JL, Cameron AM (eds). Current
Surgical Therapy, 10th edition. Philadelphia,
PA: Elsevier Saunders; 2010.

» Sicklick JK, D’ Angelica M, Fong Y. The Liver.
In: Townsend CM, Beauchamp RD, Evers
BM, Mattox KL (eds). Sabiston Textbook
of Surgery, 19th edition. Philadelphia, PA:
Elsevier Saunders; 2012.
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Fig.15.6 (a) Intraoperative photograph of a large HCC lesion. (b) Liver remnant after resection of a large HCC lesion

* Fan ST. Major Hepatic Resection for Primary
and Metastatic Tumors. In: Fischer JE (ed).
Mastery of Surgery, 6th edition. Philadelphia,
PA: Lippincott Williams & Wilkins; 2012.

e Maithel SK, Jarnagin WR, Belghiti J. Hepatic
Resection for Benign Disease and for Liver
and Biliary Tumors. Jarnagin WR (eds).
Blumgart’s Surgery of the Liver, Biliary Tract,
and Pancreas, 5th edition. Philadelphia, PA:
Elsevier Saunders; 2012.

Patients with hepatitis B as the etiology of
their cirrhosis and HCC often have compara-
tively well-preserved hepatic function versus
patients with underlying hepatitis C, making
resection a potentially more viable treatment for
these patients. In Asia and Africa, where hepatitis
B is endemic and where cadaveric organs are
severely limited, resection 1is commonly
employed for most patients with HCC amenable
to surgical treatment. HCC arising secondary to
NASH presents a new disease paradigm, and
results to date suggest that these patients have a
greater tendency to develop HCC within non-
cirrhotic liver parenchyma. These patients may
possess a theoretical lower risk of HCC recur-
rence in the liver remnant as compared with

patients with underlying hepatitis B or C, and the
benefit of resection may be greater in this patient
population [32, 33].

One significant advantage of resection is the
potential for immediate treatment, as opposed to
the risk of disease progression while on the trans-
plant wait list [34]. A trade-off for more expedited
surgical therapy, however, is the significant risk of
disease recurrence following partial hepatectomy.
Recurrence rates following resection for HCC,
whether from true recurrence or de novo tumor
development in the cirrhotic liver remnant, have
remained extremely high, reaching 50-75 % at 5
years in some series (Table 15.3) [35-47, 48].
Some groups have advocated a strategy of initial
resection in patients with HCC within Milan
Criteria and with relatively well-preserved liver
function, followed by “salvage transplantation” or
“secondary transplantation” for those who subse-
quently develop recurrent disease [49-52]. While
primary resection of patients with early HCC and
Child-Pugh Class A cirrhosis may be feasible, a
significant portion of patients with recurrent dis-
ease following resection will not be candidates
for transplantation, due to age, comorbidities, or
recurrence outside of Milan Criteria [49, 51].
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Transplantation

Liver transplant offers arguably the most effec-
tive cure for HCC, as it removes both the malig-
nancy and the underlying diseased liver
parenchyma in which HCC typically arises.
Transplantation is limited, however, by access to
donor organs and must be balanced against the
need for lifelong immunosuppression. Across the
globe, the most widely accepted transplant selec-
tion criteria are referred to as the Milan Criteria.
First reported in 1996 by Mazzaferro et al [53],
the Milan Criteria defined transplant criteria for
patients as a single HCC lesion<5 c¢m in maxi-
mum diameter or <3 lesions each<3 cm in size,
with no evidence of macrovascular invasion or
extrahepatic disease on imaging. Numerous stud-
ies worldwide, many included in a comprehen-
sive 2011 meta-analysis by the Milan group, have
confirmed the favorable outcomes that can be
achieved with transplantation for patients meet-
ing these criteria [54]. Others have advocated
broader transplantation guidelines, such as the
expanded University of California, San Francisco
(UCSF) criteria, which include patients with a
single lesion< 6.5 cm or up to three tumors, each
measuring less than 4.5 cm and a total tumor
diameter<8 cm [55, 56].

As a result of limited organ availability, the
drawbacks of transplantation include the risk for
disease progression and resulting patient dropout,
while patients are on the transplant wait list.
Particularly in parts of Asia where HCC is more
prevalent, the number of patients with HCC on
transplant wait lists far exceeds the supply of
deceased donor livers available. In the United
States, the UNOS (United Network for Organ
Sharing) criteria dictate that patients with HCC
meeting Milan Criteria radiographically receive a
MELD “exception points” score of 22 when
placed on the wait list. If patients remain on the
wait list after 3 months, they typically receive an
additional three exception points. Within this
allocation scheme, wait times vary considerably
across UNOS regions and globally, with median
times to transplant of 6-12 months in many
regions increasing patient dropout and affecting
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intention-to-treat outcomes [34, 57, 58]. As a
result, many centers, particularly those with lon-
ger wait times, now offer locoregional neoadju-
vant or “bridging” therapy to patients on the
transplant wait list to attempt to minimize tumor
progression while awaiting a donor organ [59].
Several non-randomized studies to date have
reported decreased dropout rates, but none have
demonstrated a correlation between pre-transplant
bridging therapy with ablation or transarterial
chemoembolization and improved posttransplant
survival [60-64]. A cost-effective analysis of pre-
transplantation bridging ablation therapy, how-
ever, demonstrated benefit if projected wait time
to transplant exceeded 6 months [65].

Downstaging

No randomized controlled trials have evaluated
the utility of locoregional therapy for downstag-
ing patients initially outside of Milan Criteria,
although several small series have demonstrated
comparable 5-year outcomes for such patients
successfully treated with radiofrequency ablation
or chemoembolization followed by transplanta-
tion versus patients who meet Milan Criteria a
priori [66—68]. In light of limited donor organ
availability, studies are ongoing to better define
which patients beyond Milan Criteria are most
likely to benefit from downstaging followed by
transplantation.

Living Donor Liver Transplantation

Living donor liver transplantation (LDLT) is also
an option for patients and avoids the potential
limitations of wait times for allocation of
deceased donor livers and the restrictions of the
Milan Criteria, although LDLT has been slow to
be adopted. Some concerns were raised by early
studies suggesting patients undergoing LDLT for
treatment of HCC had higher rates of recurrence
than seen with deceased donor transplantation
[69, 70], although overall survival outcomes
appear comparable [71, 72]. Because wait times
are minimized, patients with more aggressive
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tumors that would progress and render them
ineligible for deceased donor transplant may be
undergoing LDLT; thus, an observation period
of 2-3 months has been proposed to assess the
natural history of a patient’s tumor [69, 73].
Markov cost-effectiveness modeling suggests
that LDLT is most cost-effective in scenarios
where wait list times are projected to exceed 7
months [74].

Locoregional Therapy
Ablation

Local ablation is the treatment of choice for
patients with early-stage HCC not amenable to
surgical therapies. Modalities include radiofre-
quency, chemical, and microwave ablation.
Radiofrequency ablation (RFA) involves the
delivery of electrical energy to cause coagulative
necrosis of tumor tissue and can be performed
percutaneously, laparoscopically, or as an adjunct
procedure from an open surgical approach. One
recent study of early HCC lesions <2 cm demon-
strated sustained complete response in 95 % of
patients following ablation, with a local recur-
rence rate of<1 % [75]. For tumors >3 cm, the
efficacy of ablation diminishes significantly [76].
Only two randomized, controlled comparisons of
ablation versus resection for early HCC have
been performed to date, with one study demon-
strating equivalent recurrence and survival rates
for the two treatment modalities and the other
study suggesting resection was associated with
lower recurrence rates and improved survival
compared to RFA [77, 78]. Thus the use of RFA
as a first-line definitive therapy in patients with
resectable disease is not widely practiced. For
patients who are not candidates for resection,
however, ablation offers an excellent treatment
option for smaller tumors. RFA also can be
employed as a bridging therapy for HCC in
patients awaiting liver transplantation [79].
Chemical ablation with percutaneous ethanol
injection (PEI) was among the earliest ablative
therapies tested and also induces coagulative
necrosis of the HCC lesion. Effective necrosis
rates of nearly 90 % for small tumors <2 cm in
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size have been demonstrated [80], but local recur-
rence rates are significant [81]. PEI is currently
most often reserved for cases in which RFA is not
technically feasible due to tumor location.
Microwave ablation is a newer alternative
thermal treatment modality that may be more
efficacious than RFA for treatment of lesions in
close proximity to large vessels, which can serve
as a heat sink for RFA and compromise complete
necrosis of tumors. Early results with microwave
ablation have been comparable to those with
RFA [82, 83], although no prospective controlled
head-to-head comparisons have been conducted.

Embolization

Embolization therapies take advantage of the
dual blood supply of the liver and the fact that
HCC tumors are predominantly supplied by the
hepatic artery, whereas the uninvolved liver
parenchyma is predominantly supplied by the
portal venous circulation, allowing therapeutic
agents to be delivered via minimally invasive
arterial catheters under image guidance directly
to the tumor. Intra-arterial therapeutic options
include bland embolization, transarterial chemo-
embolization (TACE), drug-eluting bead (DEB)
chemoembolization, and radioembolization.

Bland embolization, or transarterial emboliza-
tion (TAE), involves injection of microparticles
into the terminal hepatic arterial vessels feeding
the tumor, causing occlusion of the vessel and
inducing ischemic necrosis of the tumor. Multiple
lesions can be treated during the same procedure
by super-selective targeting of terminal arterial
branches. This procedure can be serially repeated
in patients with progressive disease or additional
lesions with acceptable safety [84], and multiple
studies have demonstrated a survival benefit
compared to supportive care [23, 85].

TACE, or conventional chemoembolization,
involves injection of hydrophilic cytotoxic che-
motherapeutic agents, most commonly doxorubi-
cin, into the arterial branches supplying the
tumor(s), followed by occlusion of the feeding
vessel with injected embolic particles to prevent
washout [86]. This combined cytotoxic and isch-
emic effect is theorized to induce greater tumor
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necrosis. Meta-analyses of multiple randomized,
controlled trials evaluating TACE have demon-
strated minimal procedure-related mortality and
significantly improved survival compared to best
supportive care, although bland TAE and PEI
were also associated with similarly improved sur-
vival outcomes [87-90].

Drug-eluting bead chemoembolization (DEB-
TACE) takes advantage of embolic microbeads
impregnated with doxorubicin and engineered to
release the chemotherapeutic agent in a slow,
controlled rate over days to weeks within the
tumor after being directly injected into the tumor-
supplying vessels. This treatment strategy allows
for increased, sustained chemotherapy concen-
trations locally within the tumor without increas-
ing systemic levels [91, 92]. Significantly
decreased rates of liver toxicity and systemic side
effects compared to conventional TACE and
comparable objective response rates of >50 %
have been reported, and DEB-TACE has begun
replacing TACE at many centers [93, 94].

Arterial catheter-based embolic therapies are
recommended for patients with unresectable
HCC lesions larger than 4 cm and thus not ame-
nable to RFA or patients with multifocal disease.
Per EASL/EORTC guidelines, TACE is the treat-
ment of choice for patients with intermediate,
BCLC Stage B, asymptomatic, multifocal HCC
in the setting of well-compensated liver dysfunc-
tion [10, 95]. The presence of macroscopic vas-
cular invasion or extrahepatic disease is an
absolute contraindication to chemoembolization
[23, 96]. Chemoembolization is typically limited
to patients with Child-Pugh Class A or B cirrho-
sis, due to the increased risk of liver failure fol-
lowing TACE in patients with more advanced
liver disease [97-99]. Other contraindications
outlined by Raoul et al [100] include refractory
ascites, encephalopathy, extensive bilobar tumor
involvement, and renal insufficiency.

Radioembolization
Radioembolization refers to the transarterial

catheter-based injection of microspheres loaded
with the radioactive isotope yttrium-90 (Y-90).
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As with chemoembolization, the Y-90 micro-
beads are selectively injected into the terminal
arterial branches supplying the HCC lesion,
where they then lodge and deliver a high dose of
radiation directly to the tumor, with little pene-
trance to the surrounding liver parenchyma [101,
102]. Pre-procedure arteriogram mapping of the
vasculature and liver-lung shunt studies are
required to minimize the risk of radioemboliza-
tion to the gastrointestinal tract or lungs. The
smaller diameter Y-90 microspheres have less
embolic effect; therefore portal vein thrombosis
is not a contraindication to radioembolization
[103]. Trials to date have demonstrated radioem-
bolization is safe and efficacious, with similar
objective response rates and overall survival to
that seen with chemoembolization [104, 105].
Radioembolization and chemoembolization have
yet to be directly compared in a randomized,
controlled prospective fashion. Existing retro-
spective comparisons of these modalities fail to
show a survival advantage of one over the other
[106, 107].

Among the catheter-based therapies described
above, no single therapy has demonstrated a
definitive superior survival benefit in a random-
ized, controlled fashion when compared to the
other embolization treatment options. As a result,
there is significant heterogeneity among centers
as to which liver-directed locoregional therapy is
employed.

SBRT

External beam radiation therapy has little role for
treatment of HCC due to the risk of radiating the
liver in the setting of cirrhosis [108]. Stereotactic
body radiation therapy (SBRT) offers a more pre-
cise modality for targeting liver lesions with a
smaller number of higher doses of radiation,
thereby sparing more of the uninvolved liver
parenchyma [109, 110]. For unresectable patients
with single HCC tumors <6 cm in diameter or up
to three lesions with a sum diameter <6 cm, local
control rates of 90 % and overall survival of 60 %
at 2 years have been demonstrated with SBRT
[111, 112].



346

Systemic Therapy

Until 2007, no systemic therapeutic agent was
approved for the treatment of HCC, and conven-
tional chemotherapy such as doxorubicin, the
standard agent for unresectable or metastatic
HCC prior to sorafenib, is largely ineffective.
Sorafenib, an oral multi-tyrosine kinase inhibitor
with activity against vascular endothelial growth
factor receptor (VEGFR), platelet-derived growth
factor receptor (PDGFR), and other molecular
targets, demonstrated a tolerable side effect pro-
file and a nearly 3-month median overall survival
improvement in patients with advanced (BCLC
Stage C) metastatic HCC versus the placebo arm
in phase II and IIT studies [24, 113, 114]. In a
multicenter, phase III trial of 602 patients with
HCC who were not eligible for or had disease
progression after surgical resection or locore-
gional therapies, patients who received sorafenib
400 mg twice daily had a median survival of
10.7 months versus 7.9 months in the placebo
group [24]. The patients in this study had an
ECOG performance status <2 and CTP Class A
liver dysfunction. Based on these trials, sorafenib
is currently recommended as standard of care
systemic therapy for patients with advanced,
BCLC Stage C disease, or disease progression
while undergoing locoregional therapies [10].
Treatment guidelines recommend dose mainte-
nance until evidence of disease progression or
intolerable side effects [10].

Numerous phase I through III trials are under-
way to examine the efficacy of additional molec-
ular targeted agents for the treatment of advanced
HCC, either alone or in combination with
sorafenib.

Conclusion

Management of patients with hepatocellular car-
cinoma remains a challenge due to the typical
combination of malignant disease and organ dys-
function. Resection remains the treatment of
choice for patients with early solitary HCC and
normal or well-compensated liver dysfunction.

M.H. Squires lll and D.A. Kooby

Transplantation should be offered to patients
with HCC meeting Milan Criteria (a single lesion
<5 cm or up to three lesions each <3 cm), although
donor organ availability and long wait times pose
limitations. For patients with early HCC not ame-
nable to surgical management, radiofrequency
ablation is typically indicated for solitary lesions
up to 3 cm in size. Patients with multiple HCC
lesions and without evidence of macrovascular
invasion or extrahepatic disease are candidates
for locoregional therapy, typically with TACE,
DEB-TACE, or radioembolization. For patients
with advanced HCC, sorafenib is currently the
only approved therapeutic agent.

Salient Points

* Hepatocellular carcinoma (HCC) most com-
monly arises in the setting of cirrhosis or
chronic liver disease, for which the most com-
mon etiologies worldwide include viral hepa-
titis B and C, alcohol abuse, and nonalcoholic
steatohepatitis (NASH).

e HCC lesions characteristically demonstrate
intense arterial enhancement followed by
delayed contrast washout on portal venous
phases of CT or MRIL.

¢ Forlesions>1 cm arising in the background of
known cirrhosis and displaying these hallmark
imaging characteristics diagnostic of HCC, a
tissue biopsy is not necessary, particularly if
the patient may be considered for transplant.

* Resection remains the treatment of choice for
patients with early solitary HCC and normal
or well-compensated liver dysfunction (i.e.,
CTP Class A).

* Recurrence rates following resection of HCC
remain as high as 50-75 % at 5 years in most
studies.

e The Milan Criteria define transplant criteria
for patients with HCC as a single HCC
lesion<5 cm in size, or <3 lesions each<3 cm
in size, with no evidence of macrovascular
invasion or extrahepatic disease.

e Liver transplantation should be offered to
patients with HCC meeting Milan Ceriteria,
although donor organ availability and long wait
times pose limitations in many countries and
some UNOS regions within the United States.
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* For patients with early-stage, small HCC

lesions not amenable to surgical therapies,
local ablation is the treatment of choice.
Modalities include radiofrequency ablation
(RFA), percutaneous ethanol injection (PEI),
and microwave ablation.

Patients with multiple HCC lesions and with-
out evidence of macrovascular invasion or
extrahepatic disease are candidates for locore-
gional therapy, typically with transarterial
chemoembolization (TACE), drug-eluting
bead (DEB)-TACE, or radioembolization.
The only systemic therapeutic agent approved
for advanced or metastatic HCC is sorafenib,
an oral multi-kinase inhibitor.

Questions
1. Based on the Milan Criteria, in which of the

following scenarios would a patient with HCC

NOT be eligible for consideration for trans-

plantation based on these guidelines:

A. A single 2.5 cm lesion

B. Three lesions measuring 2.0 cm, 2.5 cm,
and 3.0 cm respectively

C. A single 3.5 cm lesion with evidence of
portal vein invasion

D. Two 2.0 cm lesions involving both the
right and left hepatic lobes

. The characteristic feature of an HCC lesion on

cross-sectional imaging with CT or MRI is:

A. Intense, homogenous contrast enhance-
ment on arterial phase images, with a dis-
tinct hypointense central scar

B. Initial peripheral nodular contrast
enhancement with peripheral-to-central
progressive infilling of the lesion on
delayed phases

C. Lesion enhancement on arterial phase
imaging with contrast washout on delayed
phases

D. Low-attenuation,
enhancement

. The only FDA-approved systemic therapy for

a patient with metastatic, Stage IV HCC is:

A. Everolimus

B. Sorafenib

C. Imatinib

D Herceptin

delayed arterial
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4. A patient with a serum bilirubin of 2.5, nor-

mal serum albumin and INR levels, and no
evidence of ascites or encephalopathy would
be described as what Child-Turcotte-Pugh
(CTP) Class?

A. CTP Class A

B. CTP Class B

C. CTP Class C

D. CTP Class 3

. Given a patient with a 7 cm HCC lesion in the

setting of cirrhosis and ascites, the most
appropriate therapy recommended by BCLC
guidelines would be:

A. Resection

B. Transplantation

C. Radiofrequency ablation (RFA)

D. Transarterial chemoembolization (TACE)

. Which of the following lab values does

NOT factor into the calculation of a patient’s
MELD (Model for End-Stage Liver Disease)
score?

A. Bilirubin

B. Albumin

C. Creatinine

D. INR

. In a patient with known cirrhosis and chronic

hepatitis C and a large liver lesion suspicious
for HCC found on routine surveillance ultra-
sound, initial workup and staging includes all
of the following except:

A. CT or MRI of abdomen and pelvis

B. Serum AFP

C. Percutaneous needle biopsy

D. Chest imaging

. All of the following are associated with

increased risk of morbidity and mortality fol-
lowing hepatic resection for HCC except:

A. Splenomegaly

B. Esophageal varices

C. Female gender

D. Low preoperative platelet count

. All of the following are benefits of transplan-

tation over hepatic resection for the treatment
of HCC except:

A. Clear resection margins

B. Reduced risk of HCC recurrence

C. Treatment of the underlying liver disease
D. Decreased time to surgery
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10.

Given a patient with CTP Class B cirrhosis,
evidence of portal hypertension, and two
HCC nodules, each<3 cm in size, which of
the following is the least appropriate therapy
by BCLC guidelines?

A. Transplantation

B. Radiofrequency ablation (RFA)

C. Transarterial chemoembolization (TACE)
D. Hepatic resection

Answers
1. C
2. C
3.B
4. A
5. D
6. B
7. C
8. C
9. D
10. D
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