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Hepatocellular carcinoma (HCC) is the second most common
cause of cancer death worldwide. This cancer commonly
arises against a background of chronic liver disease. As a
result, a patient with HCC requires multidisciplinary care.
Treatment options vary widely based on tumor burden and
metastases. The most widely utilized staging system is the
Barcelona Clinic Liver Cancer staging system, which recom-
mends treatments based on tumor size and the underlying
liver disease and functional status of the patient. Treatment
options range from surgical resection or transplantation to lo-
coregional therapies with modalities such as radiofrequency
ablation and transarterial chemoembolization to systemic
chemotherapies. Future care involves the development of
combination therapies that afford the best tumor response,
further clarification of the patients best suited for therapies
and the development of new oral chemotherapeutic agents.
(Gut Liver 2015;9:437-448)
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common
cancer in men and ninth most common in women, however the
second most common cause of death from cancer worldwide.'
In the United States, it is estimated that there will be 26,500
new cases of HCC in 2014. Death rates from HCC have increased
by 2.3% in men and 1.4% in women in the United States from
2006 to 2010.” The incidence of HCC is highest in those with
hepatitis B and hepatitis C related cirrhosis, however even those
with noncirrhotic hepatitis C virus (HCV) or hepatitis B virus

(HBV) are at increased risk for HCC. Patients with cirrhosis, no
matter the etiology, are at increased risk for the development
of HCC. American Association for the Study of Liver Diseases
(AASLD) guidelines recommend screening at risk populations
for HCC every 6 months with an ultrasound,” although other
societies recommend o.-fetoprotein in addition to ultrasound for
improved sensitivity of screening.* Those who are not found to
have HCC until symptoms arise have a 0% to 10% 5-year sur-
vival, whereas those whose HCCs are detected at an early stage
have a 5-year survival that exceeds 50% with appropriate treat-
ment.”

STAGING SYSTEMS

The prognosis of HCC is related to the tumor stage at presen-
tation. The majority of solid tumor malignancies are staged by
the tumor-lymph node-metastasis (TNM) system.’ However, as
the majority of HCCs arise with a background of chronic liver
disease which also greatly influences survival, the TNM system
has been found a poor prognostic tool.” In 1971 the Interna-
tional Symposium of Liver Cancer, who convened in Kampala,
Uganda, noted that ascites, weight loss, portal hypertension
and bilirubin, surrogate markers for hepatic function, were poor
prognostic indicators in 72 patients with HCC.” The Kampala
system did not gain widespread use as it was noted that a large
proportion of the African patients studied had aggressive HCC
without underlying cirrhosis. In other countries, HCC more com-
monly arose in a background of cirrhosis and a higher mortality
could be attributed to cirrhosis alone rather than HCC.®

In 1985 the Okuda staging system was introduced. The Okuda
staging was developed by studying 850 HCC patients. It incor-
porates an estimate of the percentage of tumor involvement
in the liver as well as three markers of liver function; ascites,
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albumin, and bilirubin.® It does not take into account number of
HCC lesions, size of the lesions, lymph node or vascular metas-
tasis.” As screening started diagnosing HCC at an earlier stage
and more treatment options were developed, the Okuda system
was felt to be inadequate in stratifying patients with mild dis-
ease. Since that time, many other staging systems have been
developed, but did not gain widespread use.”'®""

The most popular staging system utilized today is the Barce-
lona Clinic Liver Cancer (BCLC) staging system. The BCLC algo-
rithm was developed by a panel of HCC experts during a meet-
ing in 1999. The system, derived from data obtained in several
cohort studies and randomized control trials, stages patients
based on extent of HCC, severity of underlying liver disease, as
well as performance status. The stages not only estimate life ex-
pectancy, but are also linked to recommended treatment strate-
gies."” Those recommendations have also been updated with
new developments in the treatment of HCC, such as sorafenib in

the treatment of advanced HCC.""* The BCLC algorithm identi-
fied five different stages. In stage 0, patients have Child-Pugh
A cirrhosis with a tumor <2 cm, lack of vascular invasion and
are recommended to undergo resection with a 5-year survival
of 87% to 93%. Stages A-C, the intermediate stages, differenti-
ate those who can undergo curative treatments from those more
suitable for palliative therapies. Stage A patients with a perfor-
mance status of 0, Child-Pugh A cirrhosis and one HCC or four
nodules all <3 cm are treated with the goal of cure and a 5-year
survival of 50% to 75%. Stage D patients are end stage with
poor performance status, Child-Pugh C cirrhosis and/or dissemi-
nated disease in which case symptomatic treatment is the sole
recommendation. The BCLC has been externally validated and is
currently the most widely utilized staging system (Fig. 1).>"

One place where the BCLC staging has not been widely ac-
cepted is Asia. This is due to the fact that most patients involved
in the studies to develop the BCLC algorithm were patients
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Fig. 1. Barcelona Clinic Liver Cancer staging system. This staging system categorizes patients into one of five stages based on the number and size
of tumors, vascular invasion, Child-Pugh score, and Eastern Cooperative Oncology Group status. Each stage correlates with a recommended treat-
ment modality (Adapted from Llovet JM, et al. Liver Transpl 2004;10(2 Suppl 1):S115-S120, with permission from John Wiley and Sons)."

PS, performance status.



with underlying HCV and commonly cirrhosis who developed
HCC. In Asia, the majority of patients who develop HCC have
underlying HBV who will often have preserved hepatic func-
tion and no cirrhosis. Retained hepatic function in addition to a
higher surgical expertise has led to a more aggressive approach
to treatment in Asian patients. Reflective of this, Yau et al.'®
recently described the Hong Kong Liver Cancer (HKLC) staging
system aimed at guiding the treatment of HCC in Asian patients.
The HKLC classification uses four prognostic markers: Eastern
Cooperative Oncology Group (ECOG) performance status, Child-
Pugh class, liver tumor status, and the presence of extrahepatic
vascular invasion or metastasis. Similarly to the BCLC scheme,
the HKLC stages correlate with a prognosis as well as a recom-
mended treatment strategy. The HKLC classification subgroups
those with intermediate and late stage disease to risk stratify pa-
tients further than the BCLC and recommends more aggressive
treatment which resulted in better survival outcomes with the
HKLC in the retrospective cohort. Due to its recent development
and evaluation in a retrospective study, prospective, randomized
studies are needed before the efficacy of the HKLC algorithm
can be determined (Fig. 2).
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TREATMENT

Even with the guidance of a treatment algorithm, the treat-
ment of a patient with HCC can be complex. Typically, multiple
treatment modalities are utilized and not only does the HCC
need to be treated, but the underlying liver disease will often re-
quire medical attention in addition. As a result, HCC patients are
best cared for by multidisciplinary teams (MDT). These teams
are typically comprised of hepatologists, oncologists, hepatobili-
ary and transplant surgeons, interventional radiologists, radia-
tion oncologists, and radiologists. The use of an MDT has been
recommended by the AASLD; however, studies have shown that
only 44% of patients routinely utilized the MDT approach to the
treatment of HCC.>"” Chang et al."® formed an MDT at the San
Francisco Veteran’s Affair Hospital to care for patients with HCC
and created a prospective database. A comparison of patients
cared for by the MDT versus those cared for prior to the imple-
mentation of the MDT noted that the MDT doubled the number
of patients referred for treatment. In addition, more patients
were evaluated at an earlier stage and received therapy which
increased overall survival and length of follow-up in patients
with HCC.

The recommendation to routinely screen for HCC in high risk
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Fig. 2. Hong Kong Liver Clinic staging system. Early tumor: <5 cm, <3 tumor nodules and no intrahepatic venous invasion. Intermediate tumor: (1)
<5 cm, either >3 tumor nodules or with intrahepatic venous invasion, or (2) >5 cm, <3 tumor nodules and no intrahepatic venous invasion; and
locally advanced tumor: (1) <5 cm, >3 tumor nodules and with intrahepatic venous invasion, or (2) >5 cm, >3 tumor nodules and/or intrahepatic
venous invasion, or (3) diffuse tumor (From Yau T, et al. Gastroenterology 2014;146:1691-1700.e3, with permission from Elsevier)."®

ECOG, Eastern Cooperative Oncology Group; EVM, extrahepatic vascular invasion; LT, liver transplantation; TACE, transarterial chemoemboli-

zation.
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populations has increased the diagnosis of early stage disease.’
At earlier stages of disease, liver function is typically preserved
and there are no symptoms related to the malignancy which af-
fords more treatment options and increases the change of long-
term cure. In early stage disease, there is a dearth of knowledge
as to which treatment modalities afford the best outcomes.’

1. Surgical resection

One of the most common treatment options in the noncir-
rhotic patient with HCC is surgical resection. In Western coun-
tries this accounts for 5% of patients. In Asia, approximately
40% of patients are candidates for resection due to the severity
of the underlying liver disease and surgical experience and
expertise.'*" Over time, outcomes for liver resection have im-
proved. This is due in part to identification of HCC at earlier
stages when tumors are smaller and without metastases in ad-
dition to improved patient selection and surgical techniques.
Predictor of decreased survival after resection include larger
tumors, poorly differentiated tumors, and more importantly
lymph node or vascular metastases.” Historically, Child-Pugh
classification was utilized to identify patients best suited for
hepatectomy. This was later shown to be an inadequate measure
for hepatic function and in fact, bilirubin and portal hyperten-
sion, as measured by a hepatic vein pressure gradient >10 mm
Hg, are better predictors. Those with a normal bilirubin and por-
tal venous pressure had 5-year survival of more than 700%.”' The
extent of the hepatectomy performed to HCC removal is now
less than it was historically due in part to the use of intraopera-
tive ultrasound. Decreased hepatic resection reduced the amount
of postoperative liver failure and morbidity.”

Despite increasing overall survival in patient undergoing
hepatic resection to treat HCC, the disease-free survival has not
changed. Most patients have recurrence of HCC within the first
2 years after resection. Those who recur later often represent a
de novo HCC. The factors most predictive of HCC recurrence are
tumor differentiation on pathology, vascular invasion and me-

%2> Use of transarterial chemoemboli-

tastasis prior to resection.
zation (TACE) prior to resection has not shown to improve the
rate of local or metastatic recurrence, disease-free or overall sur-
vival.”* The use of adjuvant chemotherapy, adoptive immuno-
therapy, and retinoids to prevent HCC recurrence have also been
utilized with varying results, although none have strong studies

26-31

behind them to support their use. Interferon therapy after
resection has shown benefit in reducing rates of HCC recurrence
in patients with underlying viral hepatitis. However, due to the
morbidity associated with interferon therapy and discussion as
to whether the effect of decreased recurrence is due to treatment
of the underlying liver disease or an effect on the neoplasm
itself, the use of interferon postresection has not become wide-

spread.”””

It is unclear whether treating underlying hepatitis C
with noninterferon based therapies will offer the same benefits

to patients after HCC resection.

Those patients who have early recurrence which is unifocal,
small with a background of preserved liver function can often
benefit from salvage transplantation.”* Most patients who recur
do so within 2 years and often with disseminated HCC owing to
a more aggressive tumor biology, therefore are often not ideal
candidates for transplantation.’

2. Liver transplantation

One of the first indications for liver transplantation was HCC
which could not be removed by a hepatic resection. Those first
patients who had liver transplantations for HCC were noted to
have high rates of HCC recurrence.”>”® When further evaluating
which patients recurred, it was noted that those who underwent
transplantations for underlying cirrhosis and were incidentally
found to have an HCC had a much lower rate of recurrence
after transplant than those who underwent transplant due to
unresectable HCC.”” Continued experience showed that patients
could be successfully treated with liver transplantation and in
1996, Mazzaferro et al.*® set forth the Milan criteria. The Milan
criteria states that for patients with HCC who have a single
lesion <5 ¢cm or no more than three lesions with no lesion be-
ing >3 cm in diameter had a 67% to 75% 5-year survival after
transplant, equivalent to those patients transplanted without
HCC. The Milan criteria were adopted by United Network for
Organ Sharing in 2002. In order to prioritize those with the
highest risk of early mortality, patients with HCC are awarded
exception points to reflect wait list 90-day mortality or wait-
list dropout rate of 15%.” The adoption of the Milan criteria led
to an increase of patients transplanted for HCC from 4.6% prior
and 26% after institution of the Milan criteria with exception
points.”” Subsequent analyses of the changes to organ alloca-
tion for HCC have shown that the exception points place HCC
patients at an advantage in terms of transplant and that those
listed without HCC are at a disadvantage.””*' HCC patients have
lower rates of drop off from the list due to disease progression
and death and are less adversely affected by increased wait

% There is much discussion cur-

times on the transplant list.
rently regarding the appropriate amount of exception points to
award patients with HCC, to be fair to those patients without
HCC. The exception system will likely be revised in the next
several years.

There is also a large number of HCC patients do not meet the
strict Milan criteria and some patients who have tumor burden
outside Milan criteria may also benefit from transplant. Yao et
al,” in a study of 70 HCC patients, noted that those with one
tumor <6.5 cm or <3 nodules with the largest <4.5 cm and a
total tumor burden <8 cm had 5-year survival rates of 75.20%
after transplant, again equivalent to those patients transplanted
without HCC or with HCC within Milan criteria. These expanded
criteria, known as the UCSF criteria, in some studies have been
shown to select patients with HCC for transplant who have
similar survival rates to those with tumor burden within Milan



criteria, while others have shown dramatically worse 5-year
outcomes.” ™

More than tumor burden alone, pathologic factors such as
vascular invasion and tumor differentiation have been shown to
be more predictive of posttransplant mortality.***’ The risk for
vascular invasion increases with tumor burden, therefore mak-
ing many apprehensive to liberalize HCC listing criteria given
the paucity of donor livers.”

Those patients who are listed for liver transplantation due
to HCC derive a mortality benefit from tumor therapy while
on the waitlist. The most common treatments are locoregional
therapies and include radiofrequency ablation, or TACE, tran-
sarterial radioembolization (TARE) or external beam radiation
(EBR).”' These adjuvant therapies can also be utilized in patients
with an intermediate tumor burden outside of Milan criteria
to downstage the HCC so that it falls within Milan criteria, or
for patients who are not transplant candidates as primary HCC
treatment. Patients who have HCC that has been successfully
downstaged, have similar posttransplant outcomes as those

whose original tumor burden was within Milan criteria.”***

3. Percutaneous ethanol injection

Percutaneous therapies, typically chemical or thermal destruc-
tion of tumor cells under direct visualization, are a mainstay of
early HCC management as well as neoadjuvant therapy prior
to transplant. The most common chemical substance injected is
ethanol which causes cellular dehydration, protein denaturation
and chemical occlusion of small tumor vessels within the tumor
to results in necrosis.” Percutaneous ethanol injection is most
effective in lesions <3 cm which can have a rate of response
greater than 8000.>° In larger lesions the rate of recurrence was
greater than 30%.” Child-Pugh A cirrhotic patients who expe-
rience therapeutic response to ethanol ablation have a 5-year
survival of approximately 50%. Despite the need for multiple
treatments to obtain necrosis, treatments were associated with
a 1.7% risk of severe complications and a 0.1% mortality rate.”®
Percutaneous ethanol injection has largely been supplanted by
thermal therapies, given the improved local control with ther-
mal therapies.”

4. Thermal ablation

Multiple modalities exist for thermal ablation of HCC includ-
ing laser, cryoablation, microwave and radiofrequency ablation
(RFA). The most well studied modality is RFA which induces
thermal injury via electromagnetic energy dispersal through a
directly placed electrode into tumor tissue.” It is a more effec-
tive percutaneous therapy than ethanol ablation due to the need
for fewer treatments, similar rates of response in HCCs <3 cm,
and with superior prevention of local cancer free and overall
survival.”** The drawbacks of RFA include possible heat dam-
age to surrounding organs therefore preventing treatment of
lesions close to the kidney, colon, bile ducts, or gallbladder. An-
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other drawback of RFA is the “heat sink” effect, which prevents
treatment of lesions close to large blood vessels, because blood
flow cools the surrounding area and prevents heating to the
level needed for tumor destruction. Adverse events are encoun-
tered in up to 10% of cases and include pleural effusions, asci-
tes, tumor seeding and peritoneal bleeding. Mortality rates have
been reported as high as 0.3%.°* Comparisons between RFA
and surgical resection in HCCs <2 cm have shown that there is
less morbidity associated with RFA without differences in sur-
vival rates.”*” Microwave ablation, another method of thermal
percutaneous ablation has been shown in some studies to have
a similar efficacy as RFA without the concern for the heat sink
effect or vascular damage, however in one randomized control
trial, it was found to have more adverse events than RFA overall,
required more sessions to attain treatment response and had a
lower overall survival.”*”° In some centers, RFA is the treatment
of choice in small, unifocal HCCs, however it is not the standard
of care.”' It is more commonly utilized to treat those with a
single HCC <3 cm in whom resection is not a consideration, or

as a bridge to liver transplant.>”

5.TACE

TACE is currently the most commonly utilized mode of lo-
coregional therapy prior to liver transplant. TACE is performed
through the injection of chemotherapy followed by the selective
obstruction of a hepatic artery branch which feeds a HCC. As
HCC derives the majority of its blood supply from the hepatic
artery, occlusion results in ischemic necrosis and slow tumor
progression. TACE is traditionally performed with a combina-
tion of doxorubicin, mitomycin and/or cisplatin mixed with
lipiodol, to aid in retention of the medication within the tumor,
followed by a gelatin sponge, for embolization.” TACE results
in improved overall 2-year survival when compared with no
treatment.”*”” Response to TACE has been found to be an in-

dependent predictor of survival.”*

Those patients who are best
suited for treatment with TACE are those with preserved hepatic
function, multifocal or large unifocal, asymptomatic HCC, who
are without vascular invasion, but are not candidates for resec-
tion. The reported rate of objective response to TACE ranges
between 16%-60% and <2% have a complete response to treat-
ment. In the large majority of patients, residual tumor cells re-
cover their blood supply and then replicate subsequently neces-
sitating further treatment.” TACE treatments are complicated by
risk of ischemic damage resulting in hepatic decompensation,
passage of the chemotherapy into systemic circulation as well
as postembolic syndrome which causes fever, abdominal pain,
and ileus.

TACE with drug-eluting beads (DEB) were shown in preclini-
cal studies to deliver a higher concentration of chemotherapy
to the tumor with lower systemic concentrations than conven-
tional TACE. Currently two products exist; DC beads which are
polyvinyl alcohol based beads and superabsorbent polymer (SAP)
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microspheres. DC beads have been studied in an international,
randomized, control trial, the PRECISION V trial, which found
that DC beads versus conventional TACE resulted in comparable
control of disease. In a subset analysis, patients with Child-
Pugh B cirrhosis, ECOG1, and bilobar or recurrent disease had
statistically higher disease control rates as compared with con-
ventional TACE.” DC bead TACE also had lower rates or cardiac
and hepatotoxicity.”” It has been successfully utilized as a bridg-
ing therapy to liver transplantation.”””® In an Asian population,
DC bead TACE was found to have improved treatment response
and delayed progression of HCC as compared to conventional
TACE.” These results were not corroborated in a randomized,
control trial from the PRECISION ITALIA group which found no
survival benefit of DC bead versus conventional TACE.*

Midterm analysis of TACE with SAP microspheres indicate
that they are safe to use in Child-Pugh B cirrhotics as well as
those who are Child-Pugh A with macrovascular invasion. Dis-
ease control after the first SAP microsphere TACE was 80% and
a mean overall survival of 20.5 months was noted.®’ However,
there has not yet been a study comparing SAP microspheres
with DC beads and conventional TACE. Newer generation DEBs
are currently being studied. Early results show decreased num-
ber of procedures needed for disease control and a favorable
safety profile; however, more studies are needed before DEB
TACE can be recommended over conventional TACE.*

TACE is typically recommended by the BCLC staging system,
for patients with stage B disease (Child-Pugh A-B with ECOG
PS 0, multinodular or unresectable tumors, no portal vein in-
vasion and no metastases). Those HCC encompassed by BCLC
stage B are felt to be 10% to 15% of HCC patients and repre-
sents a rather heterogeneous population. This was recognized
by a panel of experts who in 2012 created the stage B subclassi-
fications; however, these subclasses have not proven to be clini-
cally significant when applied in retrospective studies.”* The
Hepatoma Arterial-embolization Prognostic score is similarly
aims to identify BCLC stage B patients who are best suited for
TACE and is currently being studied in independent cohorts.***’

One scoring system which has been externally validated is the
selection for transarterial chemoembolization treatment (STATE)
score. The score is based on serum albumin level (g/L) with 12
points subtracted if the tumor burden is outside of up-to-7 cri-
teria and another 12 points subtracted if the C-reactive protein
(CRP) is >1 mg/dL. Those with a STATE score <18 had increased
mortality of 39% after a first TACE as opposed to those with a
score >18 who had a mortality of 14%."

STATE score=serum albumin (g/L)-
12 (if HCC out of up to 7 criteria)-12 (if CRP >1 mg/dL)
Score: <18=increased mortality
>8=Dbetter candidate for TACE

Most patients require more than one treatment with TACE;

however, not all patients benefit from continued TACE therapy.
To help differentiate those who derive benefit from TACE versus
those who will not, the assessment for retreatment (ART) with
TACE score was developed. This score takes into account radio-
logic tumor response to prior TACE, impairment of liver func-
tion due to TACE as shown by a change in Child-Pugh class
or an elevation in AST. Two groups are identified, those with
a score from 0 to 1.5 derive a benefit from repeat TACE.*” This
score was later validated for sequential assessment to determine
utility of subsequent TACE sessions.” The a-fetoprotein, BCLC,
Child-Pugh and Response (ABCR) score was also formulated to
be calculated prior to a second planned TACE to predict sur-
vival. The authors who developed the ABCR score performed
an external validation as well as a comparison to the ART score
and found that the ABCR score was superior in its ability to
predict survival.”' Before either score can be utilized clinically
prospective studies need to be performed.

6. Radiation therapy

TARE involved the deposition of radioactive insoluble mi-
crospheres directly to an HCC via the segmental hepatic artery.
Typically, the radioactive material utilized is yttrium-90 which is
a {3 emitter that induces local tumor necrosis.”” Median survival
after TARE in patients with intermediate HCC is 9-16 and 6-10
months in those with advanced disease.” TARE can be used in
HCC with portal vein thrombosis without compromising blood
flow to surrounding hepatic tissue and is safely used in elderly
patients.”*® When compared with TACE, TARE has shown simi-
lar response, however had a longer time to progression of 13.3
months versus 8.4 months for TACE.” When utilized for tumor
downstaging, TARE had improved partial response and success-
ful downstaging rates than TACE.” The most common adverse
events encountered with TARE are fatigue, nausea, vomiting
and abdominal pain and lower rates of postembolization syn-
drome than seen with TACE. There were also grade 3 or higher
elevations in bilirubin which are thought to reflect potential
treatment toxicity. Factors that independently predicted worse
survival were ECOG status, >5 tumor nodules, an international
normalized ratio >1,2 and extrahepatic disease.”” Currently
TARE is utilized in downstaging HCC, or the treatment of BCLC
stage B or C lesions not amenable to TACE, however there are
no formal recommendations from the AASLD for the use of
TARE due to a lack of clinical trials.’ A randomized clinical trial,
the PREMIERE trial comparing TACE to TARE is currently on-
going which should help to determine which modality is better
for tumor control and downstaging.”

External beam radiation therapy (EBRT) previously had lim-
ited use in the treatment of HCC despite tumor response to due
to limited radiation tolerance of adjacent hepatic parenchyma.'®
The development of stereotactic body radiation therapy which
has improved targeting precision has enabled the use of ex-
ternal radiation in the treatment of HCC. In a phase II clinical



trial, three-dimensional conformal radiotherapy used to treat
small HCC (one lesion <5 c¢m or two nodules <3 c¢m) resulted in
a tumor response in 92% of patients and the remaining 8% had
stable disease. Grade 4 toxicities were noted in 22% of patients,
however all were Child-Pugh B cirrhotics, whereas Child-Pugh

A cirrhotics tolerated the treatment well.'”'

Radiotherapy has
also been utilizes as a bridging therapy to liver transplant. In
multiple small studies of patients who had no response or were
not candidates for other therapies, no progression of the tumors
treated was noted, most had at least 10% regression and some
had complete necrosis of the lesion.'”'”” Treatment was typi-
cally well tolerated with mild side effects such as nausea and
thrombocytopenia. More commonly, radiotherapy is utilized in

conjunction with other therapies such as TACE or sorafenib.
7. Systemic therapy

Sorafenib is an oral multikinase inhibitor which has antian-
giogenic activity. This allows the medication to attenuate HCC
cell proliferation and progression. In patients with advanced
stage HCC it provides a survival benefit."””'* The SHARP trial
was a multicenter, double-blind, placebo-controlled trial which
found that sorafenib increased median survival from 7.9 months
in the placebo group to 10.7 months in the treatment group.
Full dose therapy can be difficult to tolerate due to diarrhea,
fatigue and hand foot skin reaction.” In an Italian observational
study, 91% of patients experienced an adverse events and 54%
had to dose reduce the sorafenib and 40% had a treatment in-
terruption as a result. Even in those who required a dose reduc-
tion, a survival benefit over placebo was observed.'”

Sorafenib acts to block several tyrosine kinase receptors;
however, not all tumors are responsive to the multikinase in-
hibition. Another tyrosine kinase that has been implicated in
the pathogenesis of HCC is the cellular mesenchymal-epithelial
transition (cMET) factor. cMET has a high affinity for hepato-
cyte growth factor and is involved in tumor growth, migration,
survival, and invasion.'” Expression is often seen in HCCs that
are poorly responsive to sorafenib. Tivantinib is an orally bio-
available MET kinase inhibitor that disrupts the cMET pathway.
It is primarily being studied as a second-line agent for HCC
after sorafenib failure and has shown increased survival rates in
phase II studies. Phase III studies are currently ongoing.'”

The multimodality approach to HCC therapy has gained more
popularity as more treatment options become available and has
proven to be more effective than single modality therapy in
tumor downstaging prior to liver transplantation.'”®'® Studies
are currently ongoing investigating specific combinations in the
treatment of HCC.

The combination of sorafenib with TACE has had inconsistent
results. When given sequentially, TACE followed by sorafenib
has not clearly shown a benefit in time to progression.''®'"
When given simultaneously, similar issues have arisen, how-
ever the trend is toward benefit with combination TACE and
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sorafenib. The largest trial to date is the SPACE trial which
evaluated 307 patients and found no superiority for TACE and

"> However on sub-

sorafenib compared to sorafenib alone.
group analysis of patients from Asia where the duration of
combination therapy was higher, showed a benefit in TACE and
sorafenib therapy.'” The START trial which evaluated combi-
nation therapy with TACE and sorafenib in 192 Asian patients
with HCC found that 69.4% of patients responded to therapy
and 52.6% achieved a complete response, however the main
focus of the study was safety and tolerability, and although ef-
ficacy was a primary objective, there was no control group with
which to compare.'* In Asian patients with advanced stage
HCC or tumor thrombosis not involving the main portal vein,
sorafenib and TACE has been shown to improve survival when
compared to TACE alone.">'"®

TACE followed by stereotactic radiotherapy for nonresect-
able HCCs has shown in small studies to decrease local tumor
recurrence and increase overall survival.'”” Choi et al.'"® studied
31 patients with HCC some with small HCCs and others with
advanced tumor and portal vein thrombosis. Overall response
to therapy with radiotherapy and TACE was 71.9% with rates
higher in those with small HCC versus advanced disease. An-
other study of patients with HCC and portal vein thrombus
there has been a 39.6% and progression-free survival of 85.6%,

however hepatotoxicity in 10%.""

Larger randomized controlled
trials are needed to determine if combining TACE and EBR is a
safe and effective combination.

Hepatocellular carcinoma continues to be a leading cause of
cancer death worldwide. Multiple therapies exist for the treat-
ment of hepatocellular carcinoma, however are not universally
applicable to treat all patients. HCC typically arises in a back-
ground of chronic liver disease and is often discovered at later
stages of disease making treatment choices more complex.
Staging systems help guide clinicians in their treatment choices
which are often made by multidisciplinary tumor boards. How-
ever, ongoing research elucidates exact populations in which
specific therapies are preferred and therapeutic combinations
which may be most beneficial further improving our ability to
treat HCC.
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