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Hepatocellular carcinoma (HCC) is the fifth most common
malignancy in males and the seventh in females.1 This
disease carries a dismal prognosis, and is the second most
common cause of cancer-related deaths worldwide.2 The
incidence of HCC is rising worldwide and has almost tripled
in the past three decades in the United States.3Most patients
with HCC are diagnosed with disease that is not amenable to
curative treatment options, such as ablation, liver transplan-
tation, or surgical resection.4 In response, there have been
advances in several image-guided, catheter-based intra-
arterial therapies (IATs) such as transarterial embolization

(TAE), transarterial chemoembolization (TACE), drug-eluting
beads TACE (DEB-TACE), and yttrium-90 (Y90) radioemboli-
zation.5 IATs have been adopted into consensus treatment
algorithms due to advantages over most systemic therapies;
theymitigate drug toxicity and yieldmore robust local tumor
control by targeting the most arterially supplied tumor
tissue while sparing nontumoral liver parenchyma which
is mainly fed through the portal vein.6 Irrespective of
what chemotherapeutic agent is delivered, embolization is
considered a critical step, achieving necrosis through is-
chemic insult.7 In turn, however, this also causes a hypoxic
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Abstract Hepatocellular carcinoma is the second most common cause of cancer-related deaths
worldwide. Along with viral and alcoholic hepatitis, obesity is the leading cause for
increasing incidence in the western world, specifically in the United States. As most
patients initially present with intermediate to advanced stage disease, curative
therapies such as ablation, surgical resection, or liver transplantation cannot usually
be applied. Thus, intra-arterial therapies (IATs), such as transarterial chemoemboliza-
tion (TACE), have become a mainstay of treatment. Several variations of transarterial
embolotherapy, such as bland transarterial embolization or drug-eluting bead TACE,
are currently available and used in clinical practice. Yttrium-90 radioembolization is a
distinct IAT that relies on delivery of radiation to surrounding tissue for tumor death.
However, no clear guidelines or evidence exist that would favor one of these options
over the other, leaving the decision-making process open to influence by local expertise
and experience. In addition, combining TACE with systemic antiangiogenic agents,
such as the multityrosine kinase inhibitor sorafenib, has been investigated in several
prospective clinical trials without clearly demonstrating substantial survival benefits of
the combination over TACE alone. This review will summarize and discuss the available
clinical evidence and indications for each treatment modality with the goal of
facilitating clinical decision-making processes, and provide an overview of the ongoing
efforts to compare different IAT modalities.
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tumor microenvironment, which stimulates the upregula-
tion of neoangiogenic pathways soon after embolization. The
subsequent expression and secretion of vascular endothelial
growth factor (VEGF) leads to rebound neovascularization,
tumor progression, and ultimately reduced overall survival
(OS).8,9With the advent ofmolecular targeted agents that are
able to specifically target proangiogenicmolecules and path-
ways, combining such systemic therapies with IATs was
supported by a clear biological rationale to prevent post-
embolization recurrence. Sorafenib, a multityrosine kinase
inhibitor with a strong antiangiogenic activity, was chosen
by most investigators primarily because this drug was the
only agent to significantly prolong patient survival when
given as a monotherapy.10,11

In this review, we provide a brief update on TACE, TAE,
DEB-TACE, and Yttrium-90 (Y-90) radioembolization, and
discuss potential benefits of each modality. Additionally,
we summarize the evidence for the role of sorafenib in
combination with each of these therapies. Finally, future
directions and unmet needs are discussed.

Transarterial Chemoembolization

Conventional TACE (cTACE) was introduced more than
30 years ago.12 cTACE delivers an emulsion of conventional
chemotherapeutic agents carried by Lipiodol to the tumor-
feeding artery. Lipiodol is an iodinated poppy seed oil-based
medium that works at once as an effective drug carrier,
tumor-seeking embolic agent, and contrast agent which is
easily visualized under fluoroscopy and by computed tomo-
graphy (CT), helping to confirm targeting and complete
tumor coverage.13 Additionally, it can remain within tumor
nodules for weeks because of the absence of Kupffer’s cells
and inherent hypervascularity of HCC, and penetrate distally
into the capillary bed, reaching the tumor portions invading
the venous blood vessels.14No cTACE chemotherapy regimen
is universally accepted for HCC; however, cisplatin, doxor-
ubicin, and mitomycin C are typically employed.15 While
only a few studies have investigated the optimal drug cock-
tail, this trio has been shown to have a higher response rate
and lower rates of tumor progression compared with dox-
orubicin alone.16 However, in one recent study, doxorubicin
alone was shown to demonstrate longer mean OS compared
with triple-drug therapy, possibly due to decreased toxicities
associated with single-drug therapy.17 The subsequent
administration of embolic material, such as Gelfoam, poly-
vinyl alcohol (PVA) particles, or trisacryl gelatin (TG) micro-
spheres, causes stasis in segmental and subsegmental
arterial branches, more effectively preventing washout of
the previously administered chemotherapy-lipiodol emul-
sion.18 Gelfoam is a biodegradable gelatin sponge that is safe
and effective for the occlusion of larger blood vessels.19

However, this has mostly been replaced by nonbiodegrad-
able TG microspheres which can occlude very distal tumor-
supplying blood vessels.20 While no consensus exists
about the number of cTACE procedures that are needed to
achieve satisfactory treatment, at least two sessions should
be performed before treatment is abandoned or alternative

therapies are considered.21 Multiple TACE procedures can
be administered either at regular intervals (on schedule) or
when there is poor tumor response or disease progression
(on demand).22 On-schedule TACE should provide the
greatest opportunity for tumor necrosis; however, repeated
chemotherapy insults may precipitate liver atrophy and
vascular damage.23,24 On the other hand, while an on-
demand treatment schedule may risk undertreatment, it
allows for proper patient selection each cycle andminimizes
liver toxicity and complications.24 Current consensus guide-
lines recommend an on-demand treatment schedule.22

Patients are typically followed up 6 weeks after the proce-
dure for clinical, blood work, and cross-sectional imaging
evaluation. Contraindications to cTACE and most common
toxicities are summarized in ►Table 1.25,26

TACE is usually considered in patients who are not
eligible for curative resection or ablation, and have Barce-
lona Clinic Liver Cancer (BCLC) class B or intermediate-stage
(Hong Kong Liver Combined Liver Cancer or HKCLC Stage
IIIa/IIIb) disease.27 Studies have shown improved survival
in patients with Child-Pugh class A disease and albumin
level greater than 3.4 g/dL when treated with TACE in
comparison with those with Child-Pugh class B or C disease.
However, laboratory data are not solely used in any exclu-
sion criteria.28

Early studies casted doubt on the benefit of cTACE in
patients with unresectable HCC. Four randomized controlled
trials (RCTs) did not show any survival benefit of cTACE
versus best supportive care.21,29,30 However, in 2002, two
RCTs clearly demonstrated the survival benefit of cTACE over
symptomatic treatment in selected HCC patients who were
not eligible for surgical therapy.31,32 These two studies, along
with a systematic review of RCTs,33 led to the inclusion of
cTACE into the official treatment guidelines for HCC and
endorsement by the American Association for the Study of
the Liver Diseases (AASLD) and the European Association for
the Study of the Liver (EASL).15,34 After the introduction of
cTACE, the median OS for intermediate-stage HCC patients
increased from approximately 16 to 20 months, establishing
this treatment modality as the standard of care.33 More
recently, the BRISK trial, a Phase III RCT, achieved an OS of
26.1 months in mostly intermediate-stage patients treated
with cTACE.35

Portal vein invasion classifies a patient as advanced stage
according to the BCLC classification and no IAT is recom-
mended. However, several noncontrolled studies of patients
with portal vein thrombosis (PVT) treated with cTACE have
shown a potential benefit in survival compared with best
supportive care.36–38 In one recent study, cTACE patients
whomatched the SHARP trial inclusion criteria for advanced
HCC had a median OS of 8.1 months. This was similar to the
life expectancy of comparable patients treated with sorafe-
nib within the SHARP trial, but showed a better toxicity
profile.39 In another study of 508 BCLC C patients treated
with cTACE, median OSwas 11.9 months.40 As a comparison,
OS in advanced-stage HCC patients treated with sorafenib
ranged from 5 to 10.7 months.10,41 Subgroup analysis of
low-risk advanced-stage patients demonstrated even better
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outcomes as compared with systemic therapy. Thus, there
are significant indications that treatment guidelines should
be re-evaluated, and cTACE considered as an option for
advanced-stage patients.

Drug-Eluting Beads–Transarterial
Chemoembolization

Polymer-based DEBs were developed with the hopes of
delivering higher concentrations of chemotherapy to the
tumor while improving systemic toxicities caused by
cTACE.42 The pharmacodynamic benefits of this technique
led to a shift away from cTACE toward DEB-TACE in the
treatment of patients with HCC, especially in the United
States and Europe.43,44 Two major types of drug-eluting
microspheres are available (DC/LC Beads made by BTG
International, London, UK, and Quadraspheres/HepaSpheres
made by Merit Medical Systems Inc., South Jordan, UT), but
both are approved as embolic material, not a drug delivery
system. Although these microspheres can be loaded with
several ionic agents, doxorubicin (DEBDOX) is the most
commonly used in the treatment of HCC.45,46 Most clinical
trials utilize DC beads, which aremade of non-biodegradable
materials, such as PVA and are soft, compressible, spherical
particles. They range in size from 75 to 900 μm. The smaller
bead diameters achieve a more distal embolization and
more extensive necrosis as compared with larger beads.47

The use of small caliber beads (100–300 μm) in tumors of

less than 6 cm was not associated with an increase in liver
toxicity or complications when compared with larger beads
(300–500 μm).48 Recently, even smaller beads called M1 (LC
Bead M1; BTG International) have been developedwhich are
70 to 150 µm in diameter. In animal models, LC Bead M1
demonstrates greater tumor penetration and drug delivery
than larger beads, with a similar pharmacokinetic profile.49

They also have a favorable short-term safety profile and
demonstrate promising results in terms of objective re-
sponse, tumor down-staging, and necrosis.50 An ongoing
clinical trial is currently assessing the feasibility and safety
of doxorubicin-eluting LC Bead M1 for HCC (NCT 02007954).

The drug uptake of the DEBs occurs through an ion-
exchangemechanism. Pharmacokinetic studies have demon-
strated that drug elution occurs gradually and only in an ionic
environment once the microspheres are delivered to the
tumor. Several in vitro and animal experiments demon-
strated the continuous release of doxorubicin from DC beads
to the tissue.42,51 Most of the drug is eluted over the first
24 hours, but higher local drug concentrations and longer
drug–tumor contact may allow targeting of more resistant
tumor cell populations. Furthermore, histopathological ana-
lysis foundahighefficiencyofDEB-mediateddrugdeliveryand
release to the tumor tissue, causing local coagulative necrosis
and an inflammatory fibrotic reaction.52

In clinical practice, DEB-TACE has the same indications
and contraindications as cTACE (►Table 1). In 2007, Varela
et al investigated the safety, pharmacokinetics, and efficacy

Table 1 Main contraindications to cTACE and common toxicities

Relative contraindications Absolute contraindications Most common adverse
events

Rare adverse
events

Diffuse tumor burden involving
>50% of liver

ECOG performance status >2 Postembolization
syndrome (fever, pain,
nausea, transaminitis,
vomiting)

Biloma

Segmental or branch PVT Severely reduced portal flow by
branch or main PVT

Abscess formation

Extrahepatic metastases Active systemic infection Cholecystitis

Ascites Uncorrectable bleeding disorder Arterial dissection

Serum bilirubin >3 ng/dL Uncorrectable contrast medium
sensitivity

Hepatic failure

Lactate dehydrogenase >425 U/L Leukopenia Gastrointestinal
bleed

AST and ALT >5 � upper limit of
normal

Renal insufficiency (creatinine
clearance <30 mL/min)

Biliary obstruction Hepatic encephalopathy

Severe uncorrectable
thrombocytopenia (<50,000/μL

Recent variceal bleeding

Intractable arteriovenous fistula

Right-to-left cardiopulmonary
shunting

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; cTACE, conventional transarterial chemoembolization; PVT, portal vein
thrombosis.
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of DC Bead loaded with doxorubicin (DEBDOX; 500–700 μm)
in 527 patients with HCC (Child–Pugh A, BCLC B).53 The
procedure was well tolerated; postembolization syndrome
was observed in 37% of patients after the first DEB-TACE, and
only 18% after the second. Two patients developed liver
abscesses. Of note, peak plasma concentrations of doxorubi-
cin were significantly lower compared with those measured
in cTACE. In the same year, results of a combined Phase I/II
study in more than 500 HCC Child-Pugh A patients were
reported.54 In the Phase I trial, the dose was escalated from
25 to 150 mg of doxorubicin, and showed no dose-limiting
toxicity. The Phase II trial showed an objective response in
70% of the patients according to the modified response
evaluation criteria in solid tumors (mRECIST). Six patients
had treatment-related complications. In 2008, similar results
were reported in an open-label, single-center, single-arm
study including 62 patients with unresectable HCC.55 Patients
received up to three sessions of DEBDOX (300–500 μm). At
9-month follow-up, the objective response was 80.7%. All
patients reported postembolization symptoms, although
severe procedure-related complications were observed in
only 3.2%. The first prospective Phase II pilot study evaluating
the safetyandefficacyofDEBDOX(100–300or300–500μm) in
the United States included 20 patients (Child–Pugh A, 75%;
BCLC C, 60%).44 Only 10% experienced grade III toxicities.
Objective response at 1 month was 60% (EASL) and disease
control at 6 months was 95% (RECIST). More importantly, this
study reported encouraging outcomes in patients with more
advanced disease with a median progression-free survival
(PFS) of 13 months and OS of 26 months. Two studies in
2012 demonstrated unparalleled outcomes in HCC patients
with early-and intermediate-stage disease. In one study, 173
HCC patients had a mean OS of 43.8 months;56 in the other
study, 104 HCC patients had a median OS of 48.6 months.57

The safety and survival outcomes of DEB-TACE in patients
with advanced-stage HCC have also been investigated. Two
retrospective studies combining201patients (Child–PughA/B:
123/78, BCLC C: 100%, Eastern Cooperative Oncology Group
[ECOG] score 0/1/2: 22/139/40) reported 19 patients with
grade III toxicities.58,59 Neither grade IV toxicities nor 30-day
mortality was observed. Similar median OSwas obtainedwith
13.3 and 13.5 months, respectively.58,59 Because most clinical
studies regarding DEB-TACE have used DC Bead, doxorubicin-
loaded HepaSphere microspheres have less clinical validation,
but similar results to DC Bead have been shown.60,61

A prospective randomized multicenter trial of 212
patients across Europe (PRECISION V) compared efficacy
and safety of DEB-TACE using DEBDOX to cTACE.43 Although
response rateswere higher in the DEB-TACEgroup, this study
failed to show any statistically significant difference in
efficacy comparedwith cTACE in the entire study population.
However, patients with more advanced (ECOG 1, BCLC B,
bilobar lesions) and recurrent disease showed better objec-
tive response when treated with DEB-TACE. With a signifi-
cant decrease in liver toxicity and doxorubicin-related
adverse events, this trial confirmed the better tolerability
profile of DEB-TACE over cTACE. Similarly, an RCT of 177
patients undergoing either DEB-TACE or cTACE found no

difference in safety or efficacy, but cTACE was associated
with more frequent and severe postprocedural abdominal
pain.62 In a retrospective study, Song et al reported a better
treatment response in patients who received DEBDOX
versus cTACE with no differences in treatment-related liver
toxicity.63 Longer time to progression (TTP) and better OS
were also seen with DEBDOX. In a recent meta-analysis,
DEB-TACE increased the tumor complete response rate, OS
rate, and survival time with less common adverse events.
However, DEB-TACE has similar partial response rate, objec-
tive response rate, disease control rate, and serious adverse
events, compared with cTACE.64

Despite some promising results, DEB-TACE has not yet
fulfilled the promised benefits over cTACE. Recently, this has
led to another shift back to cTACE, especially since the
considerable expense of DEB-TACE is not justified by out-
comes. Another important factor is that while Lipiodol in
cTACE is easily visualized, DEB-TACE is radiolucent. In light of
the growing importance of intraprocedural imaging biomar-
kers for embolization endpoints and deposition control,
the imageability of Lipiodol represents a major advantage
over non-imageable DEBs. In response, LC Bead LUMI (BTG
International), which is a radiopaque imageablemicrosphere
labeledwith iodine that can be visualized by fluoroscopy and
CT, was developed. Compared with conventional beads,
LUMI beads have demonstrated better real-time geographic
localization to determine target and nontarget embolization
in preclinical studies65 and early case reports.66 The imaging
characteristics of LUMI beads are now studied in an ongoing
clinical trial of hepatic tumors (NCT 02649868). However, it
is not yet clear if this or other advancements will be enough
to establish DEB-TACE as a superior treatment modality over
cTACE.

Transarterial Embolization

In TAE, embolic agents are deposited without a prior or
consecutive chemotherapy dose. Bead Block (BTG, London,
Great Britain) is among the most commonly used embolic
device in TAE. The most common sizes used are in the
100–300 μm and 300–500 μm ranges; however, larger
microspheres can be used if stasis is not achieved.67 Some
investigators operate according to the hypothesis that the
ischemic insult induced by embolizationmay be sufficient to
cause tumor cell death, and the addition of chemotherapeu-
tic agents may thus contribute unnecessary toxicity, while
not providing the crucial tumoricidal effect. As with cTACE,
the technique for TAE varies among individuals and institu-
tions. The main embolization endpoint in TAE is complete
stasis of the tumor-feeding vessels to achieve ischemia-
induced death of the tumor cells using embolic agents
varying in size and physical capabilities. TAE has similar
patient selection criteria to those for TACE and mostly
includes BCLC class B disease or intermediate-stage (HKLC
Stage IIIa/IIIb) disease, and there are no TAE-specific labora-
tory exclusion criteria. Similar absolute and relative contra-
dictions exist for TAE as with TACE (►Table 1). With
the exception that chemotherapy-related side effects (e.g.,
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alopecia) are not seen with TAE, complications for TAE are
similar to those for TACE. In addition, the presence of hepatic
arterial-systemic venous shunts in patients undergoing
small-particle TAE using 40- to 120-μm tris-acryl gelatin
microspheres has resulted in fatal pulmonary vessel block-
ade. Pancreatitis, pulmonary edema, and cardiac arrhyth-
mias also have been reported.68

In 1998, a very large prospective single-center RCT com-
pared TAE (n ¼ 540) with best supportive care (n ¼ 540) in
patients with unresectable HCC. While a partial response of
55% was observed in the TAE group, there was no benefit in
survival compared with untreated patients.69 In 2008, a
single-arm retrospective analysis of 322 patients treated
with TAE was conducted and the median OS was 21 months
(16–26 months).68 The 1-, 2-, and 3-year survival rates were
66, 46, and 33%, respectively. In the absence of PVT or
extrahepatic disease, the median survival was 40 months
(31–52months) and the 1-, 2-, and 3-year survival rateswere
84, 66, and 51%, respectively. These promising results heigh-
tened the need for an RCT. Marelli et al compared three RCTs
and concluded that TACE did not demonstrate a survival
benefit compared with TAE.26 Similarly, a meta-analysis of
RCTs conducted by Xie et al70 found that 6-, 9-, 12-, 24-, and
36-month OS of the TACE group was not significantly differ-
ent than that of the TAE group.

Comparisons between TAE and DEB-TACE have not de-
monstrated significant differences between these therapies.
In 2010, an RCT was performed that compared TAE (Bead
Block, 100–300 and 300–500 μm) in 43 patients with DEB-
TACE (DC Bead, 100–300 and 300–500 μm) in 41 patients
with intermediate-stage HCC.71 Patients were randomized
by tumor size and treated every 2 months, up to three
procedures. Complications were similar in both groups.
DEB-TACE did yield a better local tumor responsewith higher
response rates at 6, 9, and 12months, and reached statistical
significance at 9 months. DEB-TACE had fewer recurrences
at 9 and 12 months and longer TTP compared with TAE
(10.6 � 2.7 vs. 9 � 2.3 months, respectively). However, the
short 12-month follow-up makes it difficult to draw defini-
tive conclusion from this data. A Phase II study comparing
51 patients treated with TAE (Bead Block) versus 50 patients
treated with DEB-TACE (LC Beads—150 mg doxorubicin)
was recently published.67 No difference in adverse events,
response or disease control rate, PFS, orOS (6.2 vs. 2.8months
[p ¼ 0.11] and 19.6 vs. 20.8 months [p ¼ 0.64] for TAE and
DEB-TACE, respectively) were found between both groups.
However, there are several notable issues with the trial
design. First, stasiswas chosen as the embolization endpoint,
which precluded retreatment. It also potentially induced
hypoxia, likely contributing to the very short PFS (6.2months
for DEB-TACE vs. 2.8 months for TAE). Second, Bead Block
microspheres were used in the DEB-TACE arm to achieve
stasis instead of LC Beads as recommended in DEB-TACE.
This drastically minimized the true technological difference
between DEB-TACE and TAE and made the results difficult
to generalize in a clinical context. Third, as the authors
acknowledged, the study may not have had enough
power to detect small to moderate differences in outcome.

Therefore, it is too early to conclude that TAE is truly equal to
DEB-TACE.

These results demonstrate that TAE by itself has a clear
antitumor effect and suggest that the main driver of tumor
toxicity in IATs is ischemia through embolization. However,
further studies are needed to evaluate TAE in comparison
to other catheter-based therapies before abandoning the
added chemotherapy. Indeed, a large potential difference
between TAE and cTACE/DEB-TACE may be among patients
with portal vein thrombus (BCLC C), where the ischemic
insult may not be sufficient to improve survival alone,69 and
chemotherapy is necessary to cover the PVT. These patients
are often excluded in studies of TACE,26,68 while increasing
evidence is suggesting efficacy of cTACE36–39 and DEB-
TACE58,59 in this population. These patients should be the
target population of future prospective studies comparing
these modalities.

Radioembolization

Yttrium-90 radioembolization involves delivery to the tumor
of radioactive microspheres that emit β-radiation to the
surrounding tissue. TheraSphere (MDS Nordion), where Y-
90 is an integral constituent of the glass, and SIR-Sphere
(Sirtex),where Y-90 is directly bound to the resin, are the two
most common radioembolic agents that are used.72 Patients
who are not candidates for surgical resection and have life
expectancies longer than 3 months should be considered for
radioembolization. Contraindications include the presence
of pulmonary shunts that potentially allow more than 30 Gy
of radiation to be delivered to the lungs or extrahepatic blood
flow to the gastrointestinal tract that cannot be corrected
with catheter embolization, total serum bilirubin greater
than 2 mg/dL, severely reduced portal vein flow, and poor
hepatic reserve.73 The utilization of radiation leads to toxi-
cities of radioembolization that are distinct from TACE and
TAE, including portal hypertension, radiation pneumonitis,
gastrointestinal ulcers, and radiation-induced liver disease.
As with TACE and TAE, postembolization syndrome and
abscess are possible toxicities as well.74

Determining the relative efficacy of radioembolization
compared with other IATs is currently an area of intense
investigation. In a nonrandomized cohort comparison, Lewan-
dowski et al found that radioembolization was superior to
cTACE for downstaging of disease (58% vs. 31%).75 A recent
randomized phase 2 study of patients with BCLC stages A or B
HCC found that Y-90 radioembolization gave a significantly
longer time to progression (TTP) than cTACE (>26 months vs.
6.8months; p ¼ 0.0012), butOSwas not different.76However,
criticisms of this study include the challenge of comparing
tumor progression criteria between radioembolization and
cTACE, a relatively small sample size that may not be repre-
sentative of patients most commonly eligible for IAT, and a
short follow-up period.77,78 Direct comparisons of radioem-
bolization with TAE or DEB-TACE are even more sparse.
However, ameta-analysis comparison of DEB-TACE and radio-
embolization demonstrated a one-year survival benefit of
DEB-TACE, but not at two or three years.79 While recent trials
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have generated important results on the efficacy of radio-
embolization comparedwith other IATs, a clear consensus has
yet to be reached, and future studies will hopefully add clarity
to this.

Sorafenib/IAT Combination Therapy

Sorafenib in combination with IATs could be a promising
strategy in advanced-stage HCC treatment. The high rate of
HCC recurrence after TACEmay be due to its enhancement of
angiogenesis and upregulation of VEGF and platelet-derived
growth factor receptor expression. Therefore, combination of
antiangiogenic agents with TACE could potentially decrease
the recurrence of HCC and improve survival. A Phase III study
has been conducted in Japan and Korea using TACE with
sorafenib versus TACE alone. However, combination therapy
failed to show any benefit in terms of TTP (sorafenib vs.
placebo 5.4 vs. 3.7 months) or OS.80 A Phase II study
investigated safety and efficacy of sorafenib with DEB-TACE
treatment, and demonstrated an objective response of 58%
according to EASL criteria and mostly minor toxicities.81 The
results of the SPACE trial comparing sorafenib and placebo in
patients undergoing TACE revealed the combination of sor-
afenib with DEB-TACE was technically feasible, but the
combination did not improve TTP in a clinically meaningful
manner.82 This result is in part due to the conservative TACE
treatment protocol used in the study in which more than
one-third of the patients in the experimental group received
only one TACE. Furthermore, a greater proportion of non-
Asian patients in the sorafenib arm received only one TACE
(42 vs. 18% inplacebo arm),while TACE amongAsian patients
was more equally distributed. This heterogeneity may have
contributed to the similar outcomes in the two groups,
especially considering that greater TTP and a trend toward
increased OS were observed in the Asian patients. Finally,
medianOS, the ultimate endpoint in cancer research,was not
reached in either group.52

The GIDEON study is so far the only prospective registry
that evaluated the impact of liver function in a large cohort of
patients (>3,000) treated with TACE in conjunction with
sorafenib.83 In the final analysis, overall adverse events were
similarly observed in both Child A and B patients, but a
significant increase in serious adverse events was found in
the Child B group. Patientswith concomitant use of TACE and
sorafenib achieved an OS of 22 months, in comparison to
10 months in nonconcomitant TACE patients, lending evi-
dence, albeit indirectly, of improved outcomes of combina-
tion therapy. However, future RCTs are needed to determine
with confidence the benefit of sorafenib in combinationwith
both cTACE and DEB-TACE.

Radioembolization is also associated with a mild increase
in angiogenic markers, suggesting a role for sorafenib in
conjunction with radioembolization as well.84 There does
not seem to be additional adverse effects of radioemboliza-
tion and sorafenib comparedwith sorafenib alone.85,86How-
ever, Vouche et al found that the addition of sorafenib did not
augment radiological and pathological response to Y-90
therapy.87An area of ongoing investigation assessedwhether

radioembolization plus sorafenib is superior in advanced
HCC (BCLC stage C) where sorafenib alone is the standard
of care. Large RCTs comparing the efficacy of combining
sorafenib and Y-90 therapy versus sorafenib alone, such as
the SORAMIC study (NCT01126645), are in progress to
elucidate this question.

Future Horizons

With the development of new drugs, improvement of IAT
drug delivery techniques, and knowledge of liver cancer
biology, the future of IATs is promising. These therapies in
combination with other treatment modalities such as abla-
tion or systemic therapies may have great potential. TACE
has been combined with RFA for the treatment of HCC and a
recent meta-analysis demonstrated the benefits of this ap-
proach.88 The combination of TACEwith other strategies will
continue to evolve.

Novel embolic materials are currently being developed
and may improve efficacy of IATs. One approach currently
under investigation is degradable starch microspheres
(DSMs). Since the extended ischemia caused by permanent
occlusion of blood flow, such as with Lipiodol or DEBs, may
induce new tumor vessel growth via VEGF upregulation, only
transient obstruction is desirable.89DSMs, such as EmboCept
(PharmaCept, Berlin, Germany), achieve this through degra-
dation by serum α-amylase, and have a half-life that ranges
from 15 to 50 minutes.90,91 Early studies show this is a safe
and effective option, even achieving downstaging of disease
in some patients.92 Calibrated drug-eluting microspheres,
such as Embozene TANDEMandOncozene (Boston Scientific,
Marlborough, MA), is another approach being developed.
These microspheres are as small as 40 μm, and vary by less
than 10 μm, maintaining their size after drug loading. In
comparison, the smallest DC Bead M1 is 70 to 150 μm.
Animal studies demonstrate that this allows for a larger
number of small-size drug-eluting microspheres to pene-
trate deeply into the targeted tissue with more uniform drug
coverage.93,94

The evaluation of treatment response after IAT is key for
the continued improvement of current treatment. The sur-
vival-based endpoints traditionally used in clinical studies
have largely been replaced by radiologic objective response
as a surrogate endpoint. Most liver tumors exhibit hetero-
geneous pattern of necrosis after catheter-based treatments
and sometimes make current response assessment criteria
less conclusive.95 While conventional response criteria as-
sessing size-based changes in the tumor (World Health
Organization response criteria and RECIST) have shown their
limitations compared with contrast enhancement-based
criteria (EASL and mRECIST),96,97 new response criteria
using three-dimensional (3D) quantitative approaches are
being evaluated and may serve to improve treatment
assessment.98,99

Understanding the molecular biology of cancer is crucial
in the development of therapies. Thus, continued experi-
mental research is fundamental and significant resources
should go into translating basic scientific findings into
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therapeutic options for patients. Dynamic multiphase con-
trast-enhanced CT and magnetic resonance imaging have
achieved unparalleled accuracy in the diagnosis of HCC in the
presence of a cirrhotic liver, supplanting biopsy in diagnosis.
However, the collection of tissue samples in future research
still has a role: to better understand liver cancer molecular
biology and identify new molecular targets.

A personalized medicine approach is likely to develop in
the near future. Nanotechnology has great potential to allow
drugs to be attached to tumor specific cells, and promises to
be a highly efficient method of drug delivery and gene
therapy. In addition, new classes of drugs such as 3-bromo-
pyruvate (which specifically targets tumor metabolism)
delivered intra-arterially could be more potent than conven-
tional chemotherapeutic agents, and is a very promising new
approach.100 Imaging modalities such as cone beam CT will
be further refined allowing for a more comprehensive utili-
zation of 3D imaging technology in the interventional suite.
Moreover, image fusion techniques and software identifying
tumor-feeding arteries101 will undoubtedly make treatment
more precise and further improve clinical outcomes for
patients.

Intelligently conceived and designed clinical trials will be
the cornerstone of IAT development and help broaden the
application of established therapeutic modalities for the
treatment of HCC. IAT should be expanded to both early-
stage disease and more advanced stages, for which sorafenib
is currently the only officially recommended treatment.
These future studies will require higher quality and greater
numbers of prospective RCTs with OS as the final endpoint.

Conclusion

Over the past three decades, catheter-based embolothera-
pies have revolutionized the treatment of HCC. Level IA
evidence for the existence of survival benefits from cTACE
led to the recognition of catheter-based therapies in the
management of patients with unresectable HCC and the
incorporation of TACE into official staging systems and
treatment guidelines. cTACE remains the standard of care
in HCC patients with intermediate-stage disease (BCLC B),
with increasingly broader indications in advanced-stage
disease (BCLC C), for downstaging purposes and as a bridge
to transplantation. The failure of currently available DEB
technologies to fulfill the initial promise of better TACE
outcomes through improved targeting has triggered a res-
urrection of the cTACE protocol throughout the western
world. However, it may very well be that novel technologies
such as smaller generations of radiopaque DEBs in combina-
tion with advanced intraprocedural cone-beam CT imaging
will achieve the goal of substantially improving TACE ther-
apy. Y-90 radioembolization has also proven to be a formid-
able competitor toTACE, but further study is needed tomake
definite conclusions of relative efficacy. As for the combina-
tion of locoregional and systemic therapies, sorafenib has
achieved onlymarginal improvements over IAT alone and the
available data appear to be inconclusive. Therefore, future
rigorously designed, large-scale RCTs are needed to deter-

mine the optimal treatment algorithms for treatment of
patients with HCC.
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