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Newer treatments for advanced hepatocellular
carcinoma

Myeong Jun Song and Si Hyun Bae

Division of Hepatology, Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide.
Department of Internal Medicine,
The Catholic University of Korea

College of Medicine, Seoul, Korea

The only curative treatment modalities for HCC are surgery, percutaneous abla-
tion, and liver transplantation. Unfortunately, the majority of patients have unre-
sectable disease at diagnosis. Therefore, effective treatment options are needed
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quired, due to the limited treatment response to, and tolerance of, this molecular
target agent. Clinical trials of hepatic artery infusion chemotherapy, radioembo-
lization, and multimodal treatments have shown favorable results in advanced
HCC patients. This article introduces new treatment modalities for advanced
HCC and discusses future therapeutic possibilities.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and third leading cause of cancer-re-
lated death worldwide, and its incidence is increasing
[1]. Despite the widespread use of surveillance pro-
grams in at-risk populations, more than half of HCC
cases are diagnosed late, and curative therapies such as
surgical resection, transplantation, or radiofrequency
ablation are possible in fewer than 30% of the patients.
Most HCC patients have unresectable disease at diag-
nosis [2,3]. The prognosis of patients with HCC remains
poor, and life expectancy is difficult to predict. Al-
though patients with advanced HCC have a median
survival of less than 1 year, the performance status is
heterogeneous and the tumor burden ranges from sin-
gle nodules associated with limited portal vein throm-
bosis (PVT) amenable to curative attempts to multiple
intrahepatic metastasis associated with extrahepatic
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spread.

Sorafenib, the multityrosine kinase inhibitor, im-
proves the overall survival (OS) and has become the cur-
rent standard of care in advanced HCC [4,5]. Sorafenib
has shifted the paradigm of systemic therapy for HCC
to molecular-targeted therapies. However, alternative
therapies are required due to the low response rates,
high cost-benefit ratio, and unsuitability of molecular
agents in clinical practice.

Hepatic arterial infusion chemotherapy (HAIC) has
been used in advanced HCC in Asia with a view to im-
proving the therapeutic indexes. HAIC delivers drugs
directly to the tumor bed, where they have a greater
first-pass effect; in addition, the systemic side effects
are potentially minimized [6,7].

Yttrium-go (°°Y) radioembolization is a novel tran-
sarterial approach to radiation therapy for liver cancer
that has achieved efficacious tumor control in advanced
patients with PVT [8]. A study of transarterial chemo-
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embolization (TACE) combined with sorafenib or radi-
ation therapy reported favorable efficacy and safety for
advanced HCC treatment [9,10].

As more therapies become available for patients with
advanced HCC, the treatment decisions become in-
creasingly complex. An individualized treatment strat-
egy for advanced HCC is necessary. It is important to
know about recent treatment modalities. Therefore,
this article introduces recent treatments for advanced
HCC.

SORAFENIB

Sorafenib is the only molecular target agent approved
for the treatment of patients with advanced HCC (extra-
hepatic metastasis or vascular invasion). This multiki-
nase inhibitor showed an OS benefit via its antiangio-
genic and antiproliferative effects on C- and B-Raf
serine/threonine kinases (comprising the Raf/MEKL/
ERK pathway), vascular endothelial growth factor re-
ceptor (VEGFR) and platelet-derived growth factor re-
ceptor (PDGFR) tyrosine kinases, and Flt-4 and c-Kit
[11,12].

In the first randomized controlled trial (Sorafenib
HCC Assessment Randomized Protocol, SHARP),
which was conducted in Europe and the United States
[4], patients with advanced HCC who had not received
previous systemic therapy were assigned randomly to
placebo or sorafenib 400 mg twice a day. The median
OS was 10.7 months for the sorafenib group versus 7.9
months for the control group (hazard ratio [HR,
sorafenib/placebo], 0.69; 95% confidence interval [CI],
0.55 to 0.88). The time to progression (T'TP) on
sorafenib and placebo also differed significantly and
was 5.5 and 2.8 months, respectively (HR [sorafenib/pla-
cebol, 0.58; 95% CI, 0.45 to 0.74). A second trial was de-
signed as a bridging study to evaluate the overall effica-
cy and safety of sorafenib in the Asia-Pacific population
[5]. The median OS for the sorafenib group was 6.5
months vs. 4.2 months for the placebo (HR [sorafenib/
placebo], 0.68; 95% CI, 0.50 to 0.93). Patients in the
sorafenib group had a longer median T'TP (2.8 months
vs. 1.4 months; p <0.001; HR, 0.57; 95% CI, 0.42 to o.79).

The most common drug-related adverse events of
sorafenib include diarrhea, fatigue, hand-foot skin re-
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action (HFSR), and rash. These events occurred in 20%
to 40% of patients, and most were grade 1 or 2. The most
common causes of treatment interruption or dose re-
duction were HFSR, rash, and diarrhea [4,5,13]. In the
Korean population, HFSR was the most common rea-
son for treatment interruption. Sorafenib might be less
well tolerated by Asian patients, as compared to West-
ern patients. The grade 3 adverse rate was 8% in SHARP
compared with 11% in the Asian trial [14,15]. HFSR oc-
curred in 21% of the patients in the SHARP trial; the
rate was 45% in the Asian phase III sorafenib trial.

HEPATIC ARTERY INFUSION CHEMOTHERAPY

Hepatic artery infusion chemotherapy has been used to
treat advanced HCC patients with vascular invasion,
multiple intrahepatic lesions, or both. This treatment
is theoretically more effective against HCC than sys-
temic chemotherapy because hepatic arterial infusion
of chemotherapeutic agents enables the delivery of high
doses of drugs directly to the hypervascular HCC. In
addition, the first-pass effect in the hepatic parenchy-
ma results in lower systemic drug levels after HAIC
than after systemic administration. HAIC reduces the
drug toxicity and side effects. In Asia, especially Japan
and Korea, HAIC has been applied in advanced HCC
with a view to improving the therapeutic indexes.

Technical aspect

Angiography of the celiac trunk and superior mesen-
teric artery via the femoral artery is used to evaluate the
hepatic artery vascularization and portal vein patency.
HAIC is contraindicated if there is any uncorrectable
delivery of anticancer drugs to the gastrointestinal
tract or reversed blood flow out of the liver. If necessary,
nontarget vessels are embolized to minimize the flow
of chemotherapeutic agents into both uninvolved liver
parenchyma and extrahepatic tissues. After finding the
artery feeding the HCC, the tip of the catheter is insert-
ed into the proper hepatic or common hepatic artery.
The proximal end of the catheter is connected to the
injection port, which is implanted in a subcutaneous
pocketin the right iliac fossa.
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Treatment outcome

In clinical practice, TACE has long been used as pallia-
tive therapy for unresectable HCC. However, high-dose
hepatic artery infusion chemotherapy has showed fa-
vorable outcomes in patients with intractable, advanced
HCC. Kim et al. [16] compared TACE and HAIC in ad-
vanced HCC and found that the objective response rate
was better with HAIC (16.7% vs. 0%; p=0.030). The OS
was longer with HAIC (median survival 193 days vs. 119
days; p=0.026) and there were no serious adverse effects
in the HAIC group.

Various chemotherapeutic agents have been tried in-
dividually or in combination for HAIC, with the most
commonly used being the thymidylate synthase inhib-
itor 5-fluorouracil (5-FU) and cisplatin, a DNA
cross-linking compound [17,18]. The mechanism of
5-FU might involve antitumor effects via cell-cycle ar-
rest and the induction of apoptosis. Cisplatin amplified
the effect of 5-FU and is regarded as a biochemical
modulator of 5-FU [19,20]. Cisplatin not only inhibits
DNA synthesis directly but it also interrupts methi-
onine transport into tumor cells, resulting in a reduc-
tion in the intracellular methionine level. Simultane-
ously, cisplatin increases the levels of intracellular
reduced folic acid (5,10-CH,THF, THF), which is neces-
sary for tight binding of FAUMP, a major active metab-
olite of 5-FU, to its target enzyme, thymidylate synthe-
tase [21,22]. While various combinations of 5-FU and
cisplatin have been investigated for use in HAIC [23,24],
few studies have assessed these regimens in patients
with advanced HCC.

In a recent prospective multicenter study in Korea,
Woo et al. [25] compared high-dose (5-FU, 500 mg/m’ on
days 1 to 3 and cisplatin, 60 mg/m® on day 2) and low-
dose (5-FU, 170 mg/m® and cisplatin, 7 mg/m® on days 1
to 5) HAIC. The objective response rate was significant-
ly better in the high-dose group (16.7% vs. 0%; p=0.024).
The median time to disease progression (145 days vs. 9o
days; p=0.095) and OS (193 days vs. 153 days; p=0.108)
were prolonged slightly in the high-dose group. HAIC
showed more therapeutic benefit with the high-dose
regimen.

In addition, Kim et al. [22] reported the long-term
clinical outcome of high-dose HAIC. During a median
of 9.5 months, the overall disease control rate was
62.3%. The median progression-free survival (PFS) and
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OS were 6.0 and 9.5 months, respectively. These results
are similar to the reported efficacy of sorafenib.

However, the limitations of the HAIC studies are the
small sample sizes and lack of large randomized trials.
It will be necessary to compare sorafenib and HAIC in
advanced HCC. Randomized trials comparing HAIC
and sorafenib are ongoing and might validate the over-
all clinical advantages of HAIC.

YTTRIUM-90 RADIOEMBOLIZATION

Traditionally, HCC has been regarded as a radioresis-
tant tumor due to the limited ability to deliver lethal
doses using external beam techniques. Radioemboliza-
tion is a new concept in radiation therapy for HCC. Mi-
crospheres containing *°Y are injected through the he-
patic artery, become trapped at the precapillary level,
and selectively emit higher-dose radiation to the HCC.
°°Y is a pure beta-emitter, and generates high-energy
radiation with a short half-life (2.67 days), and a short
tissue penetration (mean, 2.5 mm; maximum, 11 mm)
[8]. This mechanism limits the exposure of the sur-
rounding normal liver parenchyma, thereby permit-
ting higher dose delivery than with external radiation.

Technical aspects

Before a radioembolization procedure, all patients
should undergo a **"Tc-labeled macroaggregated albu-
min test to see whether the pulmonary shunt is less
than 20%. If the pulmonary shunt exceeds 20%, sys-
temic distribution of the radioactive isotope with re-
sulting toxicity is anticipated. Any uncorrectable deliv-
ery of *°Y to the gastrointestinal tract, reversed blood
flow out of the liver, or complete PVT are contraindica-
tions of radioembolization, and the presence of these is
evaluated together with the shunt study by angiography
before treatment [26]. If necessary, nontarget vessels are
embolized to minimize the flow of *°Y microspheres
into both uninvolved liver parenchyma and extrahe-
patic tissues. Estimation of the radiation dose actually
delivered to the tumor tissue is complicated. The basic
premise for °°Y microsphere dosimetry is to ensure that
the liver parenchyma exposure does not exceed 70 Gy,
while at least 120 Gy must accumulate within the tumor
to deliver a dose-dependent tumoricidal effect [27]. Ac-
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curate assessment of the target tumor and liver volumes
is critical because they affect the absorbed radiation
dose estimates directly. The desired °°Y activity is cal-
culated using a partition model or body surface area
model [28]. Infusion of the microspheres into one or
both lobes can generally be accomplished in a single
session, unless the patient has impaired liver function,
in which case two procedures separated by 30 to 45 days
might be required [29]. Unlike TACE, the response to
radioembolization needs to be assessed approximately
3 months postprocedure due to the delayed radiation
effect on the tumor [30].

Treatment outcome

Kulik et al. [31] evaluated a phase II study on the safety
and clinical benefit of radioembolization in a larger co-
hort of patients with unresectable HCC complicated by
PVT. The partial response (PR) rate was 42.2%. Stable
disease (SD) was seen in 34.7%. The median survival of
patients with branch PVT after *°Y was 261 days, while
that of patients with main PV'T was 148 days. In an Ital-
ian study, the objective response was 34.3%, whereas the
disease control rate was 74.3% [32]. During a median
follow-up of36 months, the median TTP was 11 months
with no significant difference between PV'T versus no
PVT (7 months vs. 13 months). The median OS was 15
months with a non-significant trend in favor of non-
PVT versus PVT patients (18 months vs. 13 months). The
tumor response was significantly correlated with the
absorbed dose in target lesions and a threshold of 500
Gy predicted the response. *°Y radioembolization was
effective in advanced HCC, particularly in the case of
PVT.

In a recent prospective multicenter study in Korea,
Kim et al. [33] reported the efficacy and safety of radio-
embolization in 40 HCC patients. The median fol-
low-up was 29 months. At 3 months, a complete re-
sponse (CR), PR, and SD were seen in 4 patients (10.0%),
19 patients (47.5%), and 15 patients (37.5%), respectively.
At 3 months, the response rate was 57.5% (23/40) and the
disease control rate was 95% (38/40), while the respec-
tive values at 6 months were 63.9% (23/36) and 83.3%
(30/36). The median TTP was 18 months. The most
common adverse event was mild to moderate abdomi-
nal pain, and all of the complications were manageable.

Approximately 20% of the patients develop liver-re-
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lated toxicity and 3% sufter treatment-related death [34].
No randomized controlled trial has compared the effi-
cacy of °°Y radioembolization with sorafenib in ad-
vanced HCC patients, although a randomized trial
comparing *°Y radioembolization and sorafenib is on-

going.

MULTIMODAL TREATMENTS

The Barcelona Clinic Liver Cancer staging and treat-
ment strategy does not include multimodal treatments
involving the use of combination therapies, although
they are often used in clinical practice with good effect
[35]-

The potential efficacy of sorafenib combined with lo-
coregional treatment is an interesting issue in patients
with advanced HCC. There is a rationale for combined
treatment. TACE induces ischemia and has a chemo-
therapeutic effect, resulting in local and systemic in-
creases in vascular endothelial growth factor which can
increase tumor angiogenesis and aggravation [36,37].
Theoretically, sorafenib can counteracted this upregu-
lation. In a retrospective study, Choi et al. [9] compared
the treatment efficacy of sorafenib combined with
TACE with sorafenib alone in advanced HCC. In
the propensity score-matched cohort, the median TTP
in the combined group was significantly longer than
that in the monotherapy group (2.7 months vs. 2.1
months, respectively; p=o0.011), while the median OS
was not (9.1 months vs. 6.7 months; p=0.21). TACE plus
sorafenib was superior to sorafenib alone with respect
to TTP in patients with advanced HCC, although the
survival benefit was not significant.

Combined TACE and radiation therapy is an alterna-
tive treatment option in patients with locally advanced
HCC with PVT [38,39]. In the past, radiotherapy has not
often been used to treat HCC due to the relatively low
tolerance of the liver to radiotherapy [40,41]. However,
recent technological developments have enabled more
successful treatment of HCC by delivering a substantial
dose of radiation to the tumor and avoiding damage to
surrounding organs. This has made it possible to spare
the volume of uninvolved liver from radiation therapy
[42]. Yoon et al. [10] evaluated the long-term clinical out-
comes of 412 HCC patients with PVT treated with TACE
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Table 1. Clinical trials of treatments for advanced hepatocellular carcinoma

Treatment Author Number Response rate, % Median survival time, mo

Sorafenib Llovet et al. [4] 602 Sorafenib (PR 2, SD 71) Sorafenib 10.7
Placebo (PR 1, SD 67) Placebo 7.9

Cheng et al. [5] 271 Sorafenib (PR 2, SD 54) Sorafenib 10.7

Placebo (PR 1, SD 27.6) Placebo 7.9

HAIC Kim et al. [22] 138 CR2.2,PR21,SD39.1 9.5

Radioembolization Mazzaferro et al. [32] 35 OR 34.3, SD 40 13

Sorafenib + TACE  Choi et al. [9] 192 Sorafenib + TACE (CR 1, PR 11, SD 64) Sorafenib + TACE 9.1
Sorafenib (PR 5.2, SD 48) Sorafenib 6.7

TACE + RT Yoon et al. [10] 412 CR3.6,PR 243 10.6

RP, partial response; SD, stable disease; CR, complete response; HAIC, hepatic arterial infusion chemotherapy; OR, objective
response; TACE, transarterial chemoembolization; RT, radiotherapy.

and radiation therapy. The radiotherapy volume in-
cluded the PVT, with a 2- to 3-cm margin to cover the
adjacent HCC. Intrahepatic primary HCC was man-
aged by TACE before or after radiotherapy. Main or bi-
lateral PVT was observed in 200 patients (48.5%). The
median radiation dose was 40 Gy (range, 21 to 60 Gy)
delivered in 2- to 5-Gy fractions. They found that 3.6%
of the patients achieved a CR and 24.3% of the patients
achieved a PR. The median patient survival was 10.6
months. Forty-one patients (10.0%) showed grade 3 to 4
hepatic toxicity during or 3 months after completion of
radiotherapy. Grades 2 to 3 gastroduodenal complica-
tions were observed in 15 patients (3.6%).

These results suggest that combination treatment is
feasible and tolerable. However, it remains unclear
whether multimodal treatments have additive or syner-
gistic efficacy benefits versus sorafenib alone.

CONCLUSIONS

Sorafenib molecular-targeted therapy has become the
standard treatment in advanced HCC, shifting the par-
adigm of systemic therapy for HCC to molecular-tar-
geted therapies. Nevertheless, alternative therapies are
required due to the low response rates and unsuitabili-
ty of molecular agents. Clinical trials of HAIC, radio-
embolization, and multimodal treatments have shown
favorable efficacy and tolerance in advanced HCC pa-
tients. Table 1 summarizes the clinical trials of treat-
ments for advanced HCC [4,5,9,10,22,32].

http://dx.doi.org/10.3904/kjim.2014.29.2.149

The studies of novel therapies and multimodal treat-
ments are limited by small sample sizes and a lack of
large randomized trials. It will be necessary to compare
sorafenib with other modalities in advanced HCC.
Randomized trials comparing sorafenib should im-
prove results and various treatment modalities might
be a feasible, promising approach in the treatment of
advanced HCC.
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