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Abstract

Hepatocellular carcinoma (HCC) is the most common form of liver cancer worldwide. The impact of this disease is great,
as it is the third-leading cause of global cancer-related mortality. Traditionally, patients with HCC did not present until they
were in late stages of the disease, limiting their therapeutic options. In recent years, improvements in disease awareness,
as well as in surveillance and screening techniques, have led to earlier diagnosis and the potential for improved prognosis
and patient survival. Some current treatments rely on surgical or locoregional techniques, many of which were not suitable
for patients with advanced stage disease. In addition to surgical resection, advances in radiofrequency ablation and tran-
sarterial chemoembolization procedures have increased survival. However, these improvements are short-lived, requiring
alternative therapies for patients with recurrent or advanced-stage HCC. Although conventional chemotherapeutic agents
have traditionally been administered in this setting, their role in HCC is decreasing as advances in targeted therapies have
proven successful in this disease. Notably, treatment with the multi-targeted tyrosine kinase inhibitor sorafenib led to
significant improvements in survival in phase Il clinical studies, resulting in its approval for unresectable HCC. This clinical
roundtable provides an overview of HCC, first focusing on the recognition of the disease. This overview is followed by an
in-depth discussion of successful management of HCC using a multimodality approach. Techniques in surgical resection
and locoregional therapy are described, as are the safety and efficacy of new systemic and targeted agents. Upon comple-
tion of this activity, physicians will have an improved understanding of the occurrence, diagnosis, and treatment of HCC.
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Target Audience: This activity has been designed to meet the educational
needs of practicing clinicians, medical oncologists, gastroenterologists, and
hepatologists who wish to review and update their knowledge of recent data
presented in the treatment of hepatocellular carcinoma (HCC).

Statement of Need/Program Overview: This monograph will focus
on discussion and evaluation of the most recent data from meeting abstracts,
posters, and clinical trials on the role of the diagnosis and treatment of
hepatocellular carcinoma. The role of the multidisciplinary team (oncologists,
hepatologists, and gastroenterologists) and their interaction with each other in
the management of HCC patients will also be a focus. A solid interpretation
and understanding of these new data and of how oncologists, hepatologists, and
gastroenterologists treat the HCC patient plays a major role in providing the
best treatment possible. The amount of new data in this particular therapeutic
area in oncology and hepatology is ever-increasing, and, consequently, the
impact of these data on community practice is relatively misunderstood

by physicians.

Educational Objectives: After completing this activity, the participant

should be better able to:

1. Describe the importance of new study findings from recent abstracts, posters,
and clinical presentations in the natural history of HCC.

2. Assess the results of these new study findings, including current clinical trials
evaluating optimal medical treatment regimens and the effect on extending
survival in HCC.

3. Integrate into clinical practice the latest knowledge and methods for treat-
ing patients with HCC in an effort to improve current prognosis statistics,
with a clear understanding of what the roles of the oncologist, hepatologist,
and gastroenterologist are in treating HCC patients, as well as how each role
impacts care.

4. Identify future research directions for all therapies in HCC in light of recent
clinical data.
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Overview of Hepatocellular Carcinoma

Robert G. Gish, MD

iver cancer is a broad term that includes both pri-

mary hepatic malignancies and metastatic lesions

that have spread from a separate primary site to the
liver. A number of primary liver cancers have been identi-
fied; these malignancies are named for the region of the liver
from which they arise. For example, hepatocellular carci-
nomas (HCC) arise from liver hepatocytes. A second liver
cancer type, cholangiocarcinoma, arises from the bile ducts
that transport bile to the gallbladder and intestine. Hepatic
angiosarcomas and hemangiosarcomas are more rare, arising
from the liver vasculature. Finally, hepatoblastoma is a type
of liver cancer that typically occurs in very young (<4 years)
children and arises from liver progenitor cells. Of these liver
cancers, HCC is the most common form, accounting for
approximately 75% of cases.'

Epidemiology

HCC is a global disease. The impact of HCC is signifi-
cant; it is the third most common cause of cancer-related
mortality in the world.? HCC-related mortality is affected
by ethnicity, with different mortality rates apparent
among different ethnicities (Table 1). For example, in the
United States, patients of Vietnamese ancestry have been

Table 1. HCC Among Men in the United States:
Effect of Immigration

1999-2001 1989-1991 1979-1981
Race/
ethnicity SMR | RR | SMR RR | SMR | RR
Hispanic 134 | 27| 81 | 23 | 58 | 18
Native
Hispanic
. 6.9 1.4 4.7 1.3 4.7 1.4
Immigrant
Asian Native 6.7 1.3 4.9 1.4 6.1 1.9
Asian 182 | 37| 178 | 51 | 138 | 43
Immigrant

Data from El-Serag HB et al. Epidemiology of hepatocellular carcinoma
among Hispanics in the United States. Arch Intern Med. 2007;167:1983-
1989.

HCC=hepatocellular carcinoma; RR=rate ratio; SMR=standardized

mortality rate.

found to have a particularly high mortality rate compared
with other ethnic groups.> However, it is unclear why
particular ethnicities have a greater likelihood of dying
from HCC than others.

In regions of the world where the incidence of HCC is
particularly high, the majority of cases are due to hepatitis B
and hepatitis C, the primary risk factors for HCC.* Addi-
tionally, the rising incidence in developed countries is also
due to a high rate of alcohol consumption or the occurrence
of non-alcoholic fatty liver disease. In fact, the rising inci-
dence of non-alcoholic fatty liver disease predicts that the
number of HCC cases will also increase in the coming years.

The worldwide incidence of liver cancers was 564,000
in the year 2000, with at least 20,000 cases seen in 2009.?
Notably, the incidence of HCC varies geographically, with
approximately 81% of the tumors occurring in the devel-
oping world.? Of these, the highest incidences occur in
western and central Africa as well as in East and Southeast
Asia, including China. Compared to these regions, the
incidence of HCC in the developed world (except Japan) is
significantly less. However, recent studies have shown a ris-
ing incidence in developed countries.”® In the United States,
the incidence of HCC doubled from 1.4 to 2.4 cases per
100,000 persons between 1976 to 1980 and 1991 to 1995,
with even more impressive increases as of 2009.% These dra-
matic increases were likely due to the spread of hepatitis C
virus contracted from unscreened blood transfusions and
intravenous drug use, an increased number of immigrants
with hepatitis B virus (HBV) infection, and the epidemic
of obesity and fatty liver. Many of the current cases of HCC
arose in patients who first contracted the hepatitis C virus
several decades ago and who subsequently developed liver
injury, cirrhosis, and, ultimately, HCC. Another explana-
tion for the rising incidence of HCC in the developed world
is a rising awareness and diagnosis, coupled with improved
screening for HBV and HCC with subsequent improved
surveillance. Finally, increasing HCC incidence may also
be due to a concomitant increase in the obesity epidemic,
as obesity has been found to be a risk factor for HCC and
is associated with higher mortality rates once cancer is
diagnosed. The American Cancer Society estimated that in
2009, the number of newly diagnosed liver cancers would
be 22,620,° and that liver cancer would be the sixth most
common cause of cancer death in men and the ninth most
common in women in the United States.
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One major route by which HCC develops is a
sequence of events initiated by genetic and epigenetic
changes in the hepatocyte or stem cells within the liver.
Often, these genetic changes arise from damage triggered
by a virus (such as hepatitis B virus or hepatitis C virus),
inflammation, or a toxin. This inflammatory activity
leads to fibrosis and, eventually, liver cirrhosis, at which
point regenerative nodules may begin to develop that can
then evolve to dysplasia and subsequently to cancer. This
damaged tissue produces, in sequence, well differentiated
tumor cells, followed by moderately differentiated tumor
cells, and then poorly differentiated tumor cells. Anaplasia,
or the complete dedifferentiation of hepatocytes, is another

final pathway of HCC pathogenesis.

Presentation and Concurrent Liver
Dysfunction

Up to a decade ago, HCC patients would typically present
when they were in a very late stage of the disease, primarily
because there was very little knowledge and awareness of
HCC among the medical community and lack of screening
and surveillance.

In 2005, guidelines from the American Association for
the Study of Liver Diseases stated that screening and surveil-
lance was the standard of care and highlighted the data that
surveillance would improve survival.!® As these surveillance
strategies have since become standard of care in the com-
munity, patients have begun to present in earlier stages of
HCC. These patients have a lower number of tumors, and
the tumors that they do have are much smaller at the time of
diagnosis. When patients do present with late-stage HCC,
they often have evidence of metastatic disease. HCC typi-
cally metastasizes locally to the portal vein and local lymph
nodes, as well as to more distant organs, including the
brain, bone, and lung. Local sites of metastasis also include
the peritoneum.

Liver function is typically assessed using a liver panel.
These liver panels can include levels of albumin and biliru-
bin and calculation of the international normalized ratio, a
measure of blood clotting. A physical examination is used to
assess for visible signs of liver dysfunction, such as jaundice,
hepatic encephalopathy, and signs of fluid retention.

Tumor Characterization

Tumor characterization is first performed using several
imaging modalities. The standard for HCC screening and
surveillance is ultrasound imaging. However, some practi-
tioners also rely on computed tomography (CT) at regular
intervals of 6 or 12 months. However, the radiation expo-
sure associated with CT scans mitigates the usefulness for
surveillance. These high levels of radiation can trigger other

4 March 2010

malignancies, and the risk should be discussed with the
patient when deciding on the type of screening to perform.

Alternatively, magnetic resonance imaging (MRI)
scans represent a growing standard for advanced imag-
ing follow-up when an abnormal lesion is identified on
ultrasound. The best results with MRI scans occur with
multiphase imaging, comprised of a non-contrast phase,
an arterial contrast phase, and 2 venous contrast phases.
This multiphase imaging allows for the clear and accurate
determination of rapid arterial concentration or enhance-
ment. A rapid venous washout can help to differentiate
HCC from dysplastic nodules. Because of the possibility
of an adverse reaction to the gadolinium contrast agent
used in MRI when a patient has renal insufficiency, it is
important to obtain informed consent for this procedure
from the patient.

A new contrast agent, gadoxetate disodium, is a novel
gadolinium-based contrast agent with liver organ-specificity.
Because of its ability to target the liver, this agent can increase
the specificity and sensitivity of MRI to screen for HCC.
Additionally, the high rate of biliary excretion of this agent
makes it safer to use in patients with renal insufficiency.

Several types of information can be gleaned from a
combination of imaging studies. For example, the tumor
location (or locations) will be documented. A radiolo-
gist can provide specific information on the segments, the
number and size of the lesion(s), the vascular proximity, and
vascular involvement, as well as the degree of vascular inva-
sion. The presence or absence of metastatic disease can also
be clarified.

Although historically, liver biopsy was the primary
strategy by which HCC was diagnosed, advances in the
imaging modalities discussed here have allowed patients to
be diagnosed without tissue assessment. Currently, fewer
than 5% of individuals have their HCC diagnosed by a liver
biopsy. However, liver biopsy is useful because it helps to
grade the tumor and determine if there is neurovascular or
lymphatic involvement. The biopsy may add more detailed
information to help determine the optimal management of
the patient when gene array, proteomic, and other method-
ologies are available. This additional information may allow
the practitioner to determine the best intervention for the
patient as well as help with prognosis. In the near future,
liver biopsies may be useful to help guide oral multikinase
therapy as well as tumor-targeted therapy. Furthermore, in
the future, liver biopsies may prove to be especially benefi-
cial as more information is gained regarding the other gene
profiles of these tumors to guide patient management.

Biomarkers are another useful tool to help characterize
HCC. Three biomarker tests are currently approved by the
US Food and Drug Administration (FDA) in this setting.
Throughout the medical community, [J-fetoprotein (AFP)
remains one of the tests that is a component of the standard



of care for surveillance, but serves as a supplement to ultra-
sound. It is important to emphasize that the American Asso-
ciation for the Study of Liver Diseases (AASLD) guidelines
removed AFP as a primary screening and surveillance modal-
ity for HCC due to the lack of sensitivity and specificity. In
addition to AFP, des-carboxy-prothrombin and AFP-13, a
glycoform of AFD, are used by some practitioners to add in
diagnosis and management of HCC. In some cases, imaging
studies may be negative for HCC, but a biomarker panel
may support the diagnosis of a liver malignancy. In these
patients, the physician may request additional review of the
imaging studies, to ensure that they were sufficient to docu-
ment the absence or presence of HCC. Biomarkers may also
be useful in identifying patients at risk of overall recurrence
or early recurrence, and therefore they may be helpful in
surveillance planning. However, before biomarkers become
a standard for determining prognosis, more information is
needed about their use and accuracy in this setting.

The Barcelona Clinic Liver Cancer (BCLC) criteria for
staging patients have been very useful. The criteria have been
validated for use in determining which patients would ben-
efit from certain treatments, such as resection, liver trans-
plant, ablation treatment, radiation therapies, targeted and
systemic therapies, or symptomatic care.!’ The BCLC crite-
ria should be used in conjunction with the Child-Pugh score
and the Eastern Cooperative Oncology Group (ECOG)
score in order to appropriately categorize the patient and
consider whether transjugular portal pressure measurements
might be necessary to help stage the presence and/or severity
of portal hypertension.

Defining the Roles of HCC Caregivers

For optimal care, patients with HCC should be managed
by a multidisciplinary team consisting of several specialists.
Because imaging studies are critical to diagnose HCC and
to determine the course of treatment, interventional radi-
ologists can provide a great deal of information to direct
patient care. Oncologic-oriented hepatologists can provide
expert opinion on the best choices for therapy. Because of
their experience, these physicians can also provide invalu-
able opinions as to whether a patient should be treated with
systemic therapy or chemotherapy. Hepatologists can also
guide the use of newer systemic agents and help manage
their associated side effects. Radiation oncologists are more
frequently becoming a member of the management team
for the subset of HCC patients who require external beam

irradiation. With the use of biomarkers, pathologists are
needed to provide analysis of tissue samples. Gastroenter-
ologists often are also members of this care team; however,
if their practice does not frequently care for HCC patients,
they will require extensive education to remain current in
HCC disease management. As patients present with earlier
stages of HCC, surgical oncologists can help to recognize
those who are candidates for resection. Oncology nursing
staff members are a critical component of patient care, as
these providers can help to ensure patient compliance to
treatment. A regimen including systemic oral therapies
may be difficult for some patients to follow, and nursing
staff may be especially helpful in these cases.

In addition to the HCC care team, primary care physi-
cians have an important role, as they are often the physician
who screens and performs surveillance for the disease. In
conjunction with primary care providers, hospitalists and
intensivists should remain up-to-date with current HCC
management. These providers offer an important point of
contact for patients. They can discuss the many interven-
tions that are available for HCC and suggest ways to pursue
these treatments, with the goal of improving patient quality
of life and prolonging survival.
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Applications and Limitations of Surgical
and Regional Therapeutic Techniques

Jorge A. Marrero, MD, MS

urgical options for patients with HCC are largely

categorized as either tumor resections or liver trans-

plantation. Three criteria are critical when evaluating
a patient as a candidate for surgical therapy: performance
status, liver function, and overall tumor burden. Establish-
ing whether the patient has developed HCC in the setting of
chronic liver disease is essential, as it will have a great impact
on determining whether resection can be performed. Liver
synthetic function can be evaluated using total bilirubin,
creatinine, prothrombin time, and albumin. It is also neces-
sary to determine the degree of portal hypertension, which
may ultimately prove to be a contraindication in some
patients. Multiple studies have shown direct portal vein or
hepatic venous measurements to be effective for identifying
patients as surgical candidates.! However, many physicians,
especially in the United States, find these measurements to
be quite burdensome. As an alternative, physicians may use
platelet count (greater than or less than 100), endoscopy (to
show an absence of obvious varices), or CT or MRI scans to
determine if there is evidence of portal hypertension.

The BCLC staging classification, first proposed in
1999, was specifically designed to identify the best candi-
dates for the best therapies based on tumor burden, per-
formance status, and hepatic function.? One recent study
validated the BCLC system as the best classification for
determining patient prognosis with surgical therapy.® The
BCLC consists of 4 stages. Early stage (A) describes patients
with asymptomatic early tumors, who are often candidates
for more radical types of therapy, such as resection, trans-
plantation, or percutaneous treatment. Intermediate stage
(B) includes patients with asymptomatic multifocal HCC;
these patients are candidates to receive local therapy such
as transarterial chemoembolization. Advanced stage (C)
describes patients with symptomatic tumors and/or an
invasive tumor pattern that is either a vascular invasion
or an extrahepatic spread; sorafenib has been shown to
improve survival for these patients. Patients with end-stage
disease (D) are patients with hepatic failure, who have an
extremely grim prognosis; the goal of treatment for these
patients is limited to symptom palliation. A prospective
validation of the BCLC classification scheme found it to
be an independent predictor for patient survival.t

The largest experience with surgical resection for
HCC comes from the Japanese Liver Cancer Study Group.
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This study analyzed about 13,000 cases of surgical resec-
tions from multiple centers. Tumor size was found to be
a primary determinant of surgical outcome and overall
survival (OS).’> For example, patients with a single lesion
of <3 cm had a 5-year OS rate of over 50%. However, the
5-year survival decreased to approximately 30% in patients
with a tumor lesion between 3—5 cm.

Recently, in the United States, a group investigated
data from the Surveillance of Epidemiology and End
Results database. This study showed that in 788 patients
with early-stage HCC (median size 3.2 c¢m), the 5-year
rate of OS was 39%.° Although surgical resection can be
successfully performed in patients with HCC in the setting
of a cirrhotic liver, the 5-year survival rates are between
30-50%. Thus, the application of resection for HCC in
the cirrhotic liver should be performed in highly selected
patients without portal hypertension. Among patients
who lack evidence of cirrhosis or portal hypertension, the
degree of resection can be more liberal, and patients with
larger tumors can be included.

The other main surgical intervention for HCC patients
is liver transplantation. In the seminal publication from
Mazzaferro and colleagues, it was shown that a 4-year sur-
vival of 75% was associated with patients who had received
a transplantation for HCC adhering to the following crite-
ria: a single lesion <5 cm or up to 3 lesions that were each
<3 cm, without microvascular or extrahepatic involvement
(ie, the Milan criteria).”

After this publication, the United Network for Organ
Sharing (UNOS) adopted the Milan criteria to determine
candidates for transplantation. A study reviewing liver
transplant since the implementation of the Milan crite-
ria found a 5-year OS of 62%.® Importantly, this study
showed that patients who did not meet the Milan criteria
had a much worse survival, indicating the importance of
adhering to this criteria in order to maximize the use of
scarce resource. Patients with HCC who meet the Milan
criteria are then given high priority using the model of
end-stage liver disease (MELD) organ allocation system.

Radiofrequency Ablation

Radiofrequency ablation (RFA) is a technique in which
an electromagnetic energy deposition is used to thermally



Table 1. Ablation for Early Stage HCC

CR% Sessions Survival
Author N Tumor Size PEI RFA PEI RFA Difference
Livraghi' 86 <3 cm 80 90 48 1.2 No
Lencioni'? 102 Milan 82 91 54 1.1 Yes
Recur-free
Lin' 157 <4 cm 88 96 6.5 1.6 Yes
Shiina!! 232 Milan NA 6.4 2.1 Yes

CR=complete response; HCC=hepatocellular carcinoma; NA=not available; PEI=percutaneous ethanol injection;

RFA=radiofrequency ablation.

ablate the hepatic tumor tissue, resulting in coagulated
necrosis. RFA is the most widely used ablation technique
for HCC.? As such, it is the standard nonsurgical treatment
for patients with early-stage HCC (ie, Barcelona stage A).
Depending on the type of electrode used, ablation diameters
up to between 5 and 7 cm are possible.

RFA is most often compared with another local abla-
tion modality, percutaneous ethanol injection (PEI), for
the treatment of early HCC. In 4 randomized trials, the
rates of complete response are higher with RFA (90-96%)
compared with PEI (80-88%; Table 1)."* Typically, the
complete response associated with RFA is achieved in fewer
sessions than those required by PEI. More importantly,
RFA was associated with an increased OS. Based on these
results, RFA has become the preferred ablation method for
local HCC, and it is the treatment modality recommended
by the AASLD.' Because of the potential risk of thermal
injury to critical structures such as the biliary ducts and
gastrointestinal tract, tumor location is a major limitation

of RFA therapy."”
Transarterial Chemoembolization

Characteristically, hepatic cancers are highly vascular and
depend on this extensive arterial blood flow tumor prolif-
eration. Transarterial chemoembolization (TACE) is a local
therapy in which chemotherapy is delivered directly to the
tumor followed by embolization of the arterial blood vessels
(using either a gel foam or microparticles).’® A catheter is
guided into either the right or left hepatic artery, depending
on the tumor location, and advanced to selectively deter-
mine the tumor feeding artery."”

A systematic review of clinical studies that evaluated
the TACE procedure reported that doxorubicin was the
most frequently used single-agent chemotherapeutic drug
(used in 36% of the reviewed procedures).'® Other agents
included cisplatin (used in 31% of the procedures), mito-
xantrone, and mitomycin C. Double therapy has also been
evaluated in other studies. However, a statistically significant

benefit of single therapy versus combinations of agents has
not been shown.

TACE was associated with improved survival in a
large meta-analysis of HCC patients.”® Patients included
in these trials had BCLC stage B. In one meta-analysis,
compared with nonactive treatment, TACE was shown to
decrease the 2-year mortality rate (odds ratio [OR], 0.54;
95% confidence interval [CI], 0.33-0.89; P=.015).%°
More recently, another meta-analysis found that TACE
improved survival (OR, 0.53; 95% CI, 0.32-0.89; P=.017;
Figure 1).2' Although this meta-analysis also included non-
chemotherapy embolization, further sensitivity analysis
found a significant benefit with TACE (OR, 0.42; 95% CI,
0.20-0.88, P=.021).

Emerging data have also suggested that TACE can be
performed for patients with HCC that exceed the Milan
criteria in order to downstage their tumor burden so that
liver transplantation can be performed. A clinical study
reported that tumor downstaging successfully occurred in
70.5% of 61 patients with a UNOS stage above T2.% The
4-year OS after downstaging was 69.3%, and the 4-year
post-transplantation survival rate was 92.1%. The authors
indicated that before liver transplantation was allowed, the
tumor had to have a complete response for at least 4 months.

Some centers have begun using doxorubicin-loaded
drug-eluting beads in an effort to improve upon the TACE
procedure. The advantage is the delivery of a constant dose of
chemotherapy directly to the liver without systemic effects,
and to also be an embolic agent at the same time.? However,
the benefit of the use of these beads over traditional TACE
techniques has yet to be established in a large-scale, well-
designed clinical trial.

Radioembolization
During radioembolization, a radioactive isotope is deliv-
ered intra-arterially to the HCC. The most common

procedure is the use of glass microspheres labeled with
radioactive yttrium-90.* Intra-arterial delivery of these
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Figure 1. Transarterial chemoembolization (TACE) in hepatocellular carcinoma. This meta-analysis found that TACE

improved survival.

Adapted from Llovet JM et al. Hepatology. 2003;37:429-442.

microspheres provides a high dose of radiation locally to
HCC. Radioembolization with yttrium-90 is generally
performed as a single procedure and often does not require
hospitalization. However, its expense may limit its role in
the treatment of HCC.

Recently, one study of 71 patients with unresect-
able HCC compared the effectiveness of TACE versus
yterium-90 radioembolization and reported that both
techniques were equally beneficial and produced similar
rates of OS.” In another trial, radioembolization with
yterium-90 resulted in an improved rate of OS compared
with TACE (41.6 vs 19.2 months; P=.008), and a greater
proportion of patients who were successfully downstaged
to Milan criteria (58% vs 31%).2° Radioembolization may
benefit patients with Child-Pugh A disease more than those
with Child-Pugh B disease.”” Even though these data are
encouraging, the last 2 studies come from a single center,
and it is unclear if they are generalizable. At the moment, it
appears that TACE’s effectiveness has been determined by
randomized trials, and it should be the first-line treatment
for patients with HCC that are unresectable.
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Systemic Therapy for Advanced Stage

Hepatocellular Carcinoma

Al B. Benson IlI, MD

ystemic therapy is an important treatment option
S for many patients with advanced stage HCC. Often,

patients considered for systemic therapy are not opti-
mal candidates for other interventions, including surgical
resection of the tumor or local regional therapy, or for
liver transplantation. Historically, systemic chemotherapy
had only a modest effect on the disease, with little impact
on either response rate or OS. However, it is important
to note that many of the clinical studies evaluating either
single-agent or combination chemotherapy in HCC con-
tained only a small number of patients, thus limiting the
ability to calculate survival changes with a high degree
of confidence.

The traditional reference single agent in HCC, doxo-
rubicin, is clearly a suboptimal therapeutic option, with
only marginal antitumor activity and no effect on survival.!
Despite these drawbacks, doxorubicin is still often adminis-
tered in conventional clinical practice. Its use as a reference
single agent in clinical studies should be strongly discour-
aged, as it acts effectively as a placebo but can produce
significant side effects.

One approach to the development of new therapeu-
tic agents has focused on the molecular pathogenesis of
HCC. There are 2 major mechanisms implicated in HCC
carcinogenesis, including liver cirrhosis following tissue
damage and the occurrence of genetic mutations in one
or more oncogenic or tumor suppressor genes. Multiple
cellular signaling pathways have been investigated for the
development of novel targeted agents. Angiogenic pathways
represent a particular vehicle for new targets, as a number
of angiogenic factors have been implicated in HCC, reflect-
ing the highly vascular nature of the tumor.? These include
vascular endothelial growth factor (VEGEF), platelet-derived
growth factor, transforming growth factor, epidermal growth
factor (EGF), and hepatocyte growth factor. For example,
increased levels of VEGF have been shown to occur in HCC
compared with the adjacent normal liver tissue.” In addi-
tion, elevated VEGF expression has been associated with
a poorer patient prognosis.*> There is also some evidence
suggesting that increased levels of VEGEF are associated with
early relapse.
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Sorafenib

Multi-targeted kinase inhibitors represent one of the most
important new classes of agents introduced for the treatment
of HCC. Of these, sorafenib was the first to gain approval
from the FDA. Sorafenib targets both tumor cell prolifera-
tion and angiogenesis pathways, and for these reasons, it was
thought it could be useful in patients with HCC. Sorafenib
was subsequently investigated in clinical trials (Figure 1),
and promising efficacy results led to its evaluation in 2 phase
IIT trials.

The Sorafenib Hepatocellular Carcinoma Assessment
Randomized Protocol (SHARP) trial was a multicenter,
2-arm, double-blind phase III clinical study that compared
a standard dose of sorafenib (400 mg twice daily) admin-
istered orally versus placebo.” It was a large trial, which
randomized 602 patients with measurable, unresectable,
advanced HCC in a 1:1 ratio. Patients continued to receive
therapy until observation of both radiologic and symp-
tomatic effects, unacceptable adverse events, or death. The
baseline characteristics were well balanced between the 2
treatment groups. Most of the study subjects were men
(87% of patients in each arm). The majority of patients
were European, and the etiology of liver disease was dis-
tributed among hepatitis B virus, hepatitis C virus, and
alcohol-induced liver disease.

Patients in the sorafenib group experienced a signifi-
cantly longer OS (1 of 2 primary endpoints) compared with
the placebo group (10.7 vs 7.9 months, hazard ratio [HR],
0.69; 95% confidence interval [CI], 0.55-0.87; P<.001).
The 1-year rate of OS was also higher among patients who
received sorafenib compared with placebo (44% vs 33%).
The 4-month progression-free survival was 62% among
patients who received sorafenib and 42% in the placebo
group. However, the improvement in the second primary
endpoint, median time to symptomatic progression, did
not reach statistical significance. In contrast, the secondary
endpoint, time to radiologic progression, was significantly
longer among patients who received sorafenib therapy (5.5
vs 2.8 months, HR, 0.58; 95% CI, 0.45-0.74; P<.001).

Sorafenib patients also experienced a significantly improved



Figure 1. Overall survival.
Cl=confidence interval.
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disease control rate, which was primarily due to a higher
incidence of stable disease, as the rate of response was rela-
tively modest (the overall response was only 2.3% among
sorafenib-treated patients).

Opverall, sorafenib was generally well-tolerated, although
drug-related adverse events did occur at a higher frequency
in the treatment group compared with placebo (80% vs
52%); most of these were grade 1 or 2 in severity. Grade
3 adverse events that occurred significantly more in the
sorafenib group compared with placebo included diarrhea
(8% vs 2%; P<.001), hand-foot skin reaction (8% vs <1%;
P<.001), and weight loss (2% vs 0%; P=.03). More patients
who received sorafenib had to undergo a dose reduction due
to adverse events (26% vs 7%). Because of the potential for
sorafenib-related adverse events, dose modification sched-
ules and guidelines have been developed.® Dose reduction
strategies associated with sorafenib include both a delay in
dose administration and a decrease in dosage. Cardiac toxic-
ity, a particularly concerning adverse event associated with
the use of tyrosine kinase inhibitors, was not a significant
issue in this trial.

The second major phase III trial that evaluated
sorafenib in HCC was the Asia-Pacific, a randomized,
double-blind, placebo-controlled study.” Compared with
the SHARP study, this trial was smaller, randomizing a
total of 226 patients with advanced HCC to receive either
oral sorafenib (400 mg twice daily) or placebo. Random-
ization occurred in a 2:1 ratio. Enrolled patients were from
China, South Korea, and Taiwan. Patients had not previ-
ously received systemic therapy, and all were categorized as
Child-Pugh liver function class A. Due to the location of

this trial, the hepatitis B virus accounted for the majority
of disease etiology.

As in the SHARP trial, sorafenib was found to be sig-
nificantly superior to placebo. Median OS was significantly
prolonged among patients who received sorafenib com-
pared with placebo (6.5 vs 4.2 months, HR, 0.68; 95%
CL 0.50-0.93; P=.014). Median time to progression was
also improved with sorafenib (2.8 vs 1.4 months, HR, 0.57;
95% CI, 0.42—-0.79; P=.0005). As was seen in other studies,
sorafenib did not produce a significant response rate.

The safety profile of sorafenib was similar to that rep-
orted in the SHARP trial. Among 149 assessable patients,
the most frequently reported grade 3 or 4 adverse events
were hand-foot skin reaction, diarrhea, and fatigue; of these,
hand-foot skin reaction and diarrhea were the most com-
mon causes of dose reduction.

Although the overall efficacy results of the Asia-Pacific
study were similar to those in the SHARP trial, they were
less robust. This difference may reflect the study population,
which had more advanced disease.

To improve upon the efficacy associated with sorafenib,
biomarkers with the potential to predict response to
sorafenib have been investigated. One biomarker currently
under investigation is the phosphorylated form of extracellu-
lar signal-regulated kinase (p-ERK), which is a downstream
molecule in the RAF/MEK/ERK signaling pathway, a target
of sorafenib.!® Constitutive activation of this pathway leads
to high levels of p-ERK, and possibly indicates that the
tumor cell relies on this pathway for survival. Using immu-
nohistochemistry, patients whose tumor cells had a greater
staining intensity for p-ERK experienced a longer time to
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progression,'"!? which suggests an improved response to

sorafenib, perhaps due to pathway inhibition. Other pos-
sible biomarkers under investigation to predict response to
sorafenib include HGF and cKit. It is possible that these
markers are related to OS in HCC patients.

Sorafenib-based Combinations

Results from a phase II trial that evaluated the combination
of sorafenib with doxorubicin were recently reported.’® This
small study of 96 patients suggested that progression-free
survival was superior among patients who received the com-
bination regimen. Based on these promising results, a larger
randomized phase I trial is planned. Because of the danger
of cardiotoxicity associated with both drugs, this adverse
event will be carefully monitored.

There is also increasing interest in evaluating sorafenib
in combination with biologic therapies, including brivanib
and bevacizumab, and evaluating the addition of sorafenib
to liver-directed therapies such as in the randomized phase
III ECOG 1208 trial comparing transarterial chemoembo-
lization with or without sorafenib.

Other Agents Under Investigation in HCC

Sunitinib, another multi-targeted tyrosine kinase inhibi-
tor, has also been evaluated as a new agent in HCC.
Recently, 2 phase II trials of this agent in advanced HCC
were reported. In the first, sunitinib exhibited modest anti-
tumor activity and a relatively acceptable safety profile.'
The second study produced only a low response rate with
significant toxicity.”

Therapies targeting the EGF receptor are another pos-
sible new treatment in HCC. In a phase II trial of the EGF
receptor inhibitor cetuximab, no antitumor activity was
evident.'® However, a separate study found that cetuximab
given in combination with gemcitabine plus oxaliplatin may
be beneficial for patients with progressive, advanced HCC."”

In addition to these investigational studies, there
is a need to develop better parameters to assess efficacy
in HCC. Several randomized studies have prospectively
evaluated alternative imaging modality methods. Recently,
a focus on molecular imaging has emerged as a research
endeavor with potential advantages over anatomical imag-
ing methods, including measurement of tumor biology
and molecular features rather than simply density, size, and
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shape. Another imaging strategy to better assess efficacy is
the shape-constrained region growing algorithm. The use of
this processing system allows improved demarcation of the
tumor and also makes possible post-treatment evaluation of
tumor necrosis.
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CME Post-Test: Circle the correct answer for each question below.

. In addition to infection with the hepatitis B or C virus,

which of the following is considered a predominant risk
factor for the development of HCC?

a. Autoimmune disease

b. Intravenous drug use

c. Non-alcoholic fatty liver disease
d. Tobacco smoking

. Which of the following is considered the standard

imaging modality for characterization of HCC tumors?

a. Ultrasound
b. CT
c. MRI
d. PET

. True or False? The majority of cases of HCC are

diagnosed using liver biopsy.

a. True

b. False

. Which of the following is NOT a major criteria when

evaluating a patient as a candidate for surgical
therapy?

a. Performance status

b. Liver function

c. Biomarker expression
d. Overall tumor burden

. Which of the following is NOT a major limitation of RFA

treatment of HCC?

a. Availability of the procedure
b. Tumor location

c. High cost

d. Adverse events

10.
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. True or False? A statistically significant benefit of

doublet therapy versus single therapy for TACE has not
been conclusively shown.

a. True

b. False

. Increased expression of which of the following

signaling molecules has been associated with poor
patient prognosis?

a. VEGF
b. TGF
c. HGF
d. EGF

. Which of the following has been the traditional

reference agent used in the evaluation of new agents
for HCC?

a. Sorafenib
b. Cisplatin
c. Mitomycin C
d. Doxorubicin

. In the SHARP trial, what was the approximate rate of

1-year survival associated with sorafenib?

a. 15%
b. 35%
c. 44%
d. 60%

Which of the following was NOT one of the results of
the Asia-Pacific study?

a. Sorafenib produced a significant improvement in median
overall survival compared with placebo

b. Sorafenib produced a significant improvement in median
time to progression compared with placebo

c. Sorafenib produced a significant improvement in the rate
of tumor response compared with placebo

d. The safety profile of sorafenib was found to be poorly

tolerated
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Evaluation Form A Multidisciplinary Approach to the Management of Hepatocellular Carcinoma

PIM is committed to excellence in continuing education, and your opinions are critical to us in this effort. To assist us in evaluating
the effectiveness of this activity and to make recommendations for future educational offerings, please take a few minutes to
complete this evaluation form. You must complete this evaluation form to receive acknowledgment for completing this activity.

Please rate your level of agreement by circling the appropriate rating:

1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree
Learning Objectives

After participating in this activity, I am now better able to:

1. Describe the importance of new study findings from recent abstracts, posters, and clinical

presentations in the natural history of HCC. 1 2 3 4 5
2. Assess the results of these new study findings, including current clinical trials evaluating optimal
medical treatment regimens and the effect on extending survival in HCC. 1 2 3 4 5

3. Integrate into clinical practice the latest knowledge and methods for treating patients with HCC in an

effort to improve current prognosis statistics, with a clear understanding of what the roles of the oncologist,

hepatologist, and gastroenterologist are in treating HCC patients, as well as how each role impacts care. 1 2 3
4. Identify future research directions for all therapies in HCC in light of recent clinical data. 1 2 3 4 5
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Based upon your participation in this activity, choose the statement(s) that apply:
O I gained new strategies/skills/information that I can apply to my area of practice.
O I plan to implement new strategies/skills/information into my practice.

What strategies/changes do you plan to implement into your practice?

What barriers do you see to making a change in your practice?

Which of the following best describes the impact of this activity on your performance?

O I will implement the information in my area of practice.

O I need more information before I can change my practice behavior.

O This activity will not change my practice, as my current practice is consistent with the information presented.
O This activity will not change my practice, as I do not agree with the information presented.

Please rate your level of agreement by circling the appropriate rating:

1 = Strongly Disagree 2 = Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree
The content presented:

Enhanced my current knowledge base

Addressed my most pressing questions

Promoted improvements or quality in health care

Wias scientifically rigorous and evidence-based

Avoided commercial bias or influence
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Would you be willing to participate in a post-activity follow-up survey? O Yes O No

Please list any topics you would like to see addressed in future educational activities:

If you wish to receive acknowledgment for completing this activity, please complete the post-test by selecting the best answer to each
question, complete this evaluation verification of participation, and fax to: (303) 790-4876.

Post-test Answer Key

1 2 3 4 5 6 7 8 9 10

Request for Credit

Name Degree
Organization Specialty
Address

City, State, Zip

Telephone Fax E-mail
Signature Date

For Physicians Only: I certify my actual time spent to complete this educational activity to be:
O 1 participated in the entire activity and claim 1.0 credits.
O I participated in only part of the activity and claim credits. Project ID: 6977



