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Abstract Global incidence and mortality of hepatocellu-
lar carcinoma (HCC) has increased over the past two
decades. Although transplantation and surgical resection
offer a chance for cure and long-term survival, most pa-
tients present with more advanced tumor stage when
these therapies are not possible. Although rarely
curative, locoregional therapy with transarterial
chemoembolization or radioembolization offers a survival
benefit for those with liver-isolated HCC who are not
amenable to curative therapies. Patients with metastatic
disease or macrovascular invasion are treated with sys-
temic therapy; however, median survival remains below
1 year. Patients with severe liver dysfunction or poor
performance status should be treated with best supportive
care given poor prognosis and no survival benefit for
treatment. Lack of predictive and prognostic biomarkers
in intermediate and advanced HCC tumors has hampered
integration of clinical and molecular data to aid tailoring
treatment decisions. However, with increasingly complex
treatment decisions, optimal outcomes are achieved
through multidisciplinary care.
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Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-related death worldwide and is the fastest
growing cause of cancer-related death in the USA. The inci-
dence and mortality of HCC increased twofold over the past
two decades accounting for over 800,000 deaths worldwide in
2013 [1].

Patients diagnosed with HCC are a heterogeneous group
with a combination of underlying chronic liver dysfunction
and a concomitant malignancy. Complete hepatic resection,
liver transplantation, or ablative therapies remain the most
effective therapies for early-stage HCC with 5-year survival
rates exceeding 60 % in most centers [2, 3]. However, the
majority of HCC patients present with advanced disease not
amenable to curative therapies due to multifocality, tumor
vascular invasion, presence of metastatic disease, and/or poor
functional hepatic reserve. In fact, less than 40 % of HCC
patients are candidates for curative therapy, and therefore,
most are treated with locoregional or systemic therapy [4ee, 5].

The Barcelona Clinic Liver Cancer (BCLC) classification
is a validated staging system for HCC that incorporates tumor
stage, degree of liver dysfunction, and performance status.
The BCLC staging system defines four subgroups with differ-
ential prognosis and is unique in that it is linked to a recom-
mended treatment algorithm [6] (Fig. 1). Although widely
accepted by the European Association for Study of the Liver
(EASL) and American Association for the Study of Liver
Diseases (AASLD), the BCLC staging system was originally
designed as a tool to separate early-stage HCC tumors with
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curative therapy options from later-stage HCC tumors with a
paucity of viable treatment options. However, between these
two extremes, is a very large and heterogeneous group of
patients with different tumor characteristics and underlying
liver function. For this large subset of patients classified as
“non-curative,” treatment options include locoregional and
systemic therapies. Heterogeneity of these patients oftentimes
precludes distinct treatment options leading to a lack of con-
sensus among treatment providers. Furthermore, there is a
lack of prognostic or predictive biomarkers for treatment re-
sponse to individualize therapy decisions, further impairing
the treatment decision-making process.

The aim of this review is to discuss current locoregional
and systemic therapies in the treatment of intermediate and
advanced HCC and to highlight potential prognostic and pre-
dictive tissue and blood biomarkers as stratification tools for
non-curative-staged HCC.

Non-curative HCC

Non-curative HCC account for over 80 % of patients newly
diagnosed with HCC in the Western world and including a
heterogeneous group of patients, including those with
intermediate- (BCLC B), advanced- (BCLC C), and end-
stage (BCLC D) disease [7] (Fig. 1). BCLC stage B patients
have preserved liver function and performance status but have
tumor burden that exceeds curative treatment options; these
patients can be treated with locoregional therapy and achieve

median survival exceeding 2 years. Patients with metastatic
disease or vascular tumor invasion (BCLC C) can be treated
with systemic therapy but typically have median survival of
less than 1 year even with treatment. Patients with BCLC
stage D HCC have either poor performance status or Child
Pugh C liver dysfunction, with median survival typically less
than 6 months [4e°]; these patients derive no benefit from
HCC-directed therapy and are only eligible for best supportive
care. Although the BCLC staging system makes treatment
recommendations appear clean and distinct, recent data sug-
gest treatment decisions are becoming increasingly complex
and there is a benefit for a multidisciplinary treatment ap-
proach [8, 9, 10ee].

Locoregional Therapy: Intra-arterial Approaches
Transarterial Chemoembolization

HCC is a unique solid liver tumor relying on preferential he-
patic arterial vascular supply [11]. Intra-arterial catheter-based
transarterial chemoembolization (TACE) treatment relies on
the injection of chemotherapeutic agents, typically cisplatin
or doxorubicin in a Lipiodol emulsion, directly into arterial
tumoral feeding branches followed by selective embolization
of the branches with embolic agents including polyvinyl alco-
hol, starch microspheres, metallic coils, or gelatin particles
inducing tumor necrosis [11-14].
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Fig. 1 Barcelona Clinic Liver Cancer (BCLC) classification for hepatocellular carcinoma [83] (from www.thieme.com (reprinted with permission))
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The use of TACE as a treatment modality for unresectable
HCC was first described in 1980 by Yamada et al., who de-
tailed a single institution experience with hepatic artery em-
bolization in 32 patients with unresectable HCC [15].
Subsequently, the efficacy of TACE in treating non-curative
HCC tumors has been examined in several randomized con-
trolled trials over the last 30 years. The first large-scale ran-
domized trial was conducted by the Group d’Etude et de
Traitement du Carcinoma Hepatocullaire [16]; there was no
difference in overall survival between best supportive care and
cisplatin-Lipiodol emulsion plus gelatin sponge
chemoembolization, but a significant reduction in tumor
growth was evident. Until the publication of two landmark
randomized controlled trials by Lo et al. and Llovet et al. in
2002, a lack of efficacy with TACE, measured by increased
overall survival, was seen in a multitude of prospective clini-
cal trials [17ee, 18e°].

Lo et al. reported both improved tumor response and sur-
vival in patients undergoing chemoembolization using an
emulsion of cisplatin in Lipiodol and gelatin sponge embolic
particles compared to best supportive care (hazard ratio (HR),
0.50 (95 % confidence interval (CI), 0.31-0.81); p=0.005)
[17e¢]. In contrast to previous studies, the investigators used
a varying dose of cisplatin-Lipiodol emulsion based on tumor
size and there was not a predetermined limit on the number of
chemoembolization procedures performed; instead, treat-
ments were repeated until complete tumor necrosis.

Llovet et al., in a similar study, also demonstrated a survival
benefit in patients undergoing chemoembolization using a
doxorubicin-Lipiodol emulsion and gelatin sponge embolic
particles compared with best supportive care (HR, 0.47 (95 %
CL, 0.25-0.91); p=0.025) [18e]. Due to superiority within the
chemoembolization group, the study was stopped early despite
less than 40 patients accrued to either arm. Interestingly, the
trial also included a third cohort of patients undergoing embo-
lization alone without chemotherapy. Although bland emboli-
zation was more efficacious than best supportive care alone, a
final analysis comparing bland embolization to
chemoembolization was not performed. Thus, it is unclear
whether the addition of chemotherapy to ischemia-producing
embolization of tumoral feeding arteries provides any additive
effect or whether embolization alone is sufficient [18e¢]. A clin-
ical trial comparing bland embolization and TACE has never
been completed, and likely never will, due to excessive trial
cost of accruing a large sample size and provider bias.

The two studies by Lo et al. and Llovet et al. form the
backbone of two meta-analyses demonstrating the benefit of
TACE compared with best supportive care or other palliative
care treatments [19, 20]. However, a recent Cochrane review
challenged the conclusions of these meta-analyses by con-
cluding that there is a lack of evidence to support TACE or
TAE in the treatment of unresectable HCC [21]. The discrep-
ancy in findings between the Cochrane review and the two

meta-analyses highlights the difficulty in evaluating the effi-
cacy of TACE. A lack of institutional procedural standardiza-
tion of associated chemotherapy emulsions, number of treat-
ments, and timing of follow-up imaging has hampered efforts
to directly correlate TACE with improved survival outcome
measures. As TACE is considered standard of care in the
treatment of intermediate-stage HCC by most institutions
and specialty societies, it is unlikely that a large randomized
trial powered appropriately for outcome with standardization
of procedure will ever be undertaken.

Evaluating the response to TACE is critical to measuring the
effects of treatment and correlating response to prognosis. The
most commonly used assessment tools to measure the effect of
treatment in solid tumors include the World Health
Organization (WHO) and Response Evaluation Criteria in
Solid Tumors (RECIST), both evaluating unidimensional and
bidimensional tumor measurements in response to treatment
[22, 23]. The use of WHO and/or RECIST criteria in measuring
TACE efficacy has the potential for overtreatment of tumors, as
treatment induced necrosis is oftentimes not associated with
reduction in tumor size. As a result, guidelines advocating the
use of residual viable tumor diameter instead of overall tumor
size are more appropriate in evaluating TACE efficacy. EASL
guidelines, published in 2001, recommend two-dimensional
measurements of viable HCC tumors without taking into con-
sideration overall size or number of tumors to assess TACE
efficacy [24]. Viable tumor refers to lesions with characteristic
arterial enhancement and delayed washout on contrast en-
hanced imaging. More recently, the shortcomings of the
EASL guidelines were addressed by the modified RECIST
(mRECIST) criteria [25¢]. These criteria include residual via-
ble tumor, number of tumors, and overall tumor size to measure
treatment response. Both the EASL and mRECIST criteria have
demonstrated intra- and inter-observer agreement, yet it is un-
clear what percentage of tumor necrosis correlates with an ob-
jective response and subsequent survival outcome measures
[26-28]. Moreover, it is also unclear on the timing of post-
procedural follow-up imaging and whether the initial or the best
response, regardless of number of TACE treatments, correlates
to overall survival [29, 30]. Furthermore, there is a lack of data
to suggest whether TACE should be administered in an on-
demand or scheduled fashion based on initial tumor location
and initial response to the treatment [30].

The decision to continue with additional TACE treatments
after the initial treatment fails to achieve a meaningful tumor
necrosis is complex and oftentimes determined not only by
tumor characteristics but also tolerance of the procedure in
terms of underlying liver function and patient performance sta-
tus. The Assessment for Re-treatment with TACE (ART) scor-
ing system developed by Hucke et al. attempts to identify pa-
tients who after an initial procedure may not have further ben-
efit from additional procedures [31¢¢]. Using radiologic tumor
response, aspartate transaminase (AST) level, and Child Pugh
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score, the investigators were able to identify patients with a
dismal prognosis following first and subsequent TACE proce-
dures who were unlikely to benefit from additional procedures.
Although externally validated, the ART score has yet to be
universally accepted, likely due to questions of whether the
scoring system identifies patients who fail to benefit from ad-
ditional procedures or if the patient should not have undergone
TACE in the first place [29]. The lack of a consensus regarding
patient benefit from further locoregional therapies and consid-
eration of alternative treatment regimens is a striking gap in
knowledge of the intermediate-staged HCC patient.

Although conventional TACE (cTACE) with a chemother-
apy emulsion has been evaluated in clinical trials, the advent
of drug-eluting beads (DEB) as an embolic agent is a potential
solution to the heterogeneity of chemotherapy emulsion solu-
tions and Lipiodol induced imaging artifacts [32]. DEB-
TACE utilizes embolic microspheres impregnated with doxo-
rubicin to deliver chemotherapy in a controlled fashion with
little to no systemic exposure [32]. Several recent studies have
compared the efficacy of DEB-TACE with ¢cTACE. The
PRECISION V study, a phase 1l randomized controlled trial
comparing doxorubicin cTACE with doxorubicin DEB-
TACE, demonstrated that although DEB-TACE was associat-
ed with less doxorubicin associated adverse events there was
no difference in either tumor response rates or tumor necrosis
[33]. Unfortunately, this study was likely underpowered to
detect a difference in local response due to an unexpectedly
large number of responses in the cTACE cohort. Additionally,
there was a lack of evaluation of overall outcome measures
including overall and progression-free survival, again calling
into question the correlation between local response and out-
come. More recently, Golferi et al and Burrel et al demonstrat-
ed DEB-TACE and cTACE appear to be equally efficacious in
overall survival, but DEB-TACE is associated with less
periprocedural abdominal pain and better overall patient tol-
erability [34, 35]. Although there appears to be no survival

benefit of DEB-TACE compared to cTACE in current studies,
improved patient tolerability and a more homogenous treat-
ment approach in the DEB-TACE regimen will likely lead to
preferential use in the treatment of intermediate staged HCC.

Radioembolization

Although HCC is a radiosensitive tumor, external beam radi-
ation has not gained widespread acceptance in the treatment of
HCC, in part due to concerns about toxicity. Intra-arterial ra-
diation or transarterial radioembolization (TARE), using small
microspheres loaded with the radionuclide yttrium-90 (°*°Y), a
[3-emitter with a short half-life and shallow depth of pene-
trance, has been used in the treatment of patients with HCC
and preserved liver function [36°¢]. Currently, two commer-
cially available °°Y microsphere systems are commonly avail-
able, glass based (TheraSphere) and resin based (SirSphere),
each with different size of sphere, radioactivity per sphere, and
embolic characteristics. Both systems are injected into the
hepatic arterial tumor supply and emit a higher dose of radia-
tion to tumor tissue with less exposure to normal liver paren-
chyma than external beam radiation [36°¢].

Currently, there are no randomized controlled trials com-
paring TARE with either locoregional (cTACE or DEB-
TACE) or systemic therapy in the treatment of HCC.
However, multiple studies demonstrating encouraging out-
come measures following TARE compared to historical con-
trols or cTACE/DEB-TACE have been published [37-40]
(Table 1).

Single Arm or Historical Studies

Salem et al detailed their longitudinal, single institution expe-
rience in 291 patients undergoing a total of 526 °°Y
TheraSphere treatments over the course of five years [38].
Overall response rates were 42 % by WHO criteria and

Table 1 Summary of clinical

trials of transarterial Reference Year BCLC stage Number Median TTP Median OS
radioembolization in HCC of patients (months, 95 % CI) (months, 95 % CI)
Hilgard 2010 B 51 11.8 (6.1-17.2) 16.4 (12.1-NR)
C 55 8.0 (5.9-NR) 10.0 (6.0-NR)
Salem 2010 A 48 25.1 (8-27) 26.9 (17-30.2)
B 83 13.3 (4.4-18.1) 17.2 (13.5-29.6)
C 107 6.0 (4.6-8.8) 7.3 (6.5-10.1)
Sangro 2011 A 52 NR 24.4 (18.6-38.1)
B 87 NR 16.9 (12.8-22.8)
C 183 NR 10.0 (7.7-10.9)
Mazzaferro 2013 B 17 13.0 (6-NR) 18.0 (12-38)
C 35 7.0 (6-12) 13 (9-17)

NR not reached

@ Springer



Curr Oncol Rep (2016) 18: 9

Page50f12 9

57 % by EASL criteria with an overall time to progression
(TTP) of 7.9 months (95 % CI, 6-10.3). Surprisingly, 52 % of
treated patients had advanced stage HCC (BCLC C), a stage
usually treated with systemic therapy. Overall survival corre-
lated to extent of extrahepatic disease, underlying liver func-
tion, and malignant portal venous thrombus (PVT). Median
overall survival (OS) of patients with metastatic disease was
only 5.4 months (95 % CI, 2.7-7.5). Patients with an absence
of PVT and metastatic disease and Child Pugh score A liver
function had the longest overall survival post-treatment with
median OS of 22.1 months (17.2-32.5). This is in comparison
to a presence of PVT and Child Pugh score A (10.4 months),
presence of PVT and Child Pugh score B (5.6 months), and
absent PVT and Child Pugh Score B (7.7 months).

In a similar single institution study, Hilgard et al document-
ed their experience with °°Y TheraSpheres in a retrospective
analysis of 108 patients with HCC and no evidence of extra-
hepatic metastases [37]. Overall response rates were 15 % by
WHO and 40 % by EASL criteria with an overall TTP of
10.0 months (95 % CI, 6.1-16.4). Similar to other studies over
50 % of treated patients had BCLC C or advanced HCC tu-
mors. Although median survival was 16.4 months in the entire
cohort, presence of a malignant PVT was associated with
worse survival than its absence (10.0 vs. 16.4 months,
p=n.s.). Similar findings were seen in studies by Sangro et al
and Mazzaferro et al where presence of malignant PVT was
associated with worse overall outcome measures despite high
response rates, up 40 %, by WHO or EASL criteria [39, 40].

Comparison to TACE or Systemic Therapy

A multitude of single institution, retrospective studies have
compared outcome measures between TACE and TARE with
varying results. Unfortunately, most studies are limited by low
patient numbers in either treatment arm and/or inequality of
baseline patient tumor characteristics. The studies by Salem et
al and Carr et al represent the only studies comparing TACE
and TARE with at least 90 patients in each cohort [41, 42].
Salem et al document their single institution experience with
cisplatin-Lipiodol TACE (123 patient) versus °°Y
TheraSpheres (122 patients) in a group of HCC patients with
no evidence of malignant PVT or extrahepatic metastases
treated over a period of 9 years. Both TACE and TARE treat-
ment had similar response rates by both EASL (69 % vs.
72 %) and WHO (36 vs. 49 %) criteria. Despite prolonged
TTP in the TARE group (13.3 vs. 8.4 months, p=0.02), there
was no difference in overall survival (20.5 vs. 17.4 months,
p=n.s.). Although the authors point to a significant decrease in
reduced toxicity in the TARE cohort as measured by reduc-
tions in abdominal pain it is difficult to ascertain the clinical
significance as pain was not stratified by grade of event.

In a similar single institution retrospective study by Carr
etal, HCC patients treated with either cTACE (691 patients) or

%Y TheraSpheres (99 patients) over a 14-year period were
examined. In this study although there was a significant ben-
efit in overall survival with TARE compared to TACE (11.5
vs. 8.5 months, p<0.05), there was a preponderance of pa-
tients in the TACE cohort with malignant PVT (42 % vs.
28 %) that undoubtedly biased the outcome result.

There are at least 3 clinical trials currently accruing patients
comparing TACE vs. TARE in patients with advanced HCC
[43]. Unfortunately, none of the trials use overall survival as a
primary endpoint, instead utilizing either TTP or progression-
free survival as an endpoint. It is unclear whether time to
progression outcomes are surrogates for overall survival in
the treatment of HCC with locoregional therapies.
Furthermore, to perform an efficacy trial comparing TACE
and TARE powered to demonstrate a difference in overall
survival, accrual would require 1000 patients, a number that
is likely cost-prohibitive [41]. An additional concern regard-
ing TARE treatment is overall cost of the procedure compared
to TACE. Based on Medicare reimbursements costs for TACE
approached $17,000 compared to $31,000 (unilobar
radioembolization) and $48,000 (bilobar radioembolization)
for TARE, costs which for relative equivalence in efficacy
must be accounted for in the decision-making process [44].

Currently there is only one published study comparing sys-
temic therapy with locoregional therapy for the treatment of
intermediate or advanced HCC [45]. This study, using a propen-
sity score-matching model, demonstrated no difference in over-
all outcome between patients treated with systemic therapy
(sorafenib) and TARE. Unfortunately, this study has many lim-
itations including small sample size and the inclusion of patients
with BCLC B (intermediate) tumor stage, who are not routinely
treated with systemic therapy. Preliminary data by Salem et al
demonstrating median overall survival following TARE in the
BCLC C cohort (without extrahepatic metastases) approaching
historical data from the randomized, phase III Sorafenib
Hepatocellular Assessment Randomized Protocol (SHARP) tri-
al with systemic sorafenib provided the impetus to the Sorafenib
versus Radioembolization in Advanced Hepatocellular
Carcinoma (SARAH) trial comparing TARE with systemic ther-
apy in this patient cohort [36ee, 46e¢]. The SARAH trial has
recently completed accrual, and the results of the trial with a
primary endpoint of overall survival are expected in 2016. A
positive signal from the SARAH trial might significantly alter
the landscape in the treatment of advanced HCC, a subgroup
previously only treated with systemic therapy.

Locoregional Therapy: Radiation Approaches
Traditionally the role of external beam radiation therapy
(EBRT) has been limited to the palliative treatment of symp-

tomatic HCC metastases [47, 48]. Historically, due to the rela-
tive radiosensitivity of HCC, tumoricidal radiation doses
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delivered by conventional EBRT could oftentimes not be
achieved due to potential complications of radiation induced
liver disease (RILD). With the technological advances in radi-
ation therapy including precision targeting of tumors and spar-
ing of normal liver parenchyma the use of radiation therapy is a
viable alternative to traditional locoregional approaches.

Specifically the use of stereotactic body radiotherapy
(SBRT) has raised interest in the use of radiation therapy to
treat HCC. SBRT is a highly conformal technique of non-
coplanar radiation therapy delivered in a small number of
large fractions. Although large, randomized clinical trials
demonstrating clinical efficacy of SBRT in HCC are currently
lacking, a number of phase I/11 clinical trials have demonstrat-
ed promising results that SBRT can be administered safely
with acceptable efficacy [49, 50]. Currently, a randomized
phase III study of sorafenib versus SBRT followed by soraf-
enib is currently underway and will provide further insight
into the appropriate use of SBRT in both intermediate and
advanced HCC.

Systemic Therapy

Prior to 2008, the treatment of advanced (BCLC C) HCC with
systemic therapy offered no survival benefit compared to best
supportive care. The use of single agent systemic cytotoxic
chemotherapy regimens including irinotecan, gemcitabine or
doxorubicin historically demonstrated low response rates with
little to no clinical efficacy [51, 52]. Combination chemother-
apy regimens using cytotoxic chemotherapeutic agents have
fared no better with response rates ranging from 0 % to 40 %
and limited clinical efficacy [53]. A recent study compared
single agent doxorubicin to a combination of cisplatin, inter-
feron, doxorubicin and 5-fluorouracil (PIAF) [54]. Despite an
improvement in response (10 % for doxorubicin vs. 21 % for
PIAF) the study failed to show an improvement in overall
survival (6.8 vs. 8.6 months, respectively; P=0.83).

The lack of appropriate traditional chemotherapeutic agents
led to the investigation of molecular targeted agents, which have
been shown to be efficacious in other tumor models. Sorafenib,
an oral multikinase inhibitor that blocks tumor cell proliferation
by targeting the Raf/MEK/ERK signaling pathway and exerting
an anti-angiogenic effect by targeting the tyrosine kinase recep-
tors, VEGFR-2, VEGFR-3 and PDGF-f3, is the first biologically
targeted agent to show efficacy in the treatment of advanced
stage HCC [51, 52]. In a phase III randomized controlled trial
(SHARP trial), patients with advanced hepatocellular carcinoma
(not eligible for surgical resection or transplantation) and pre-
served liver function (Child-Pugh A score) were randomly
assigned to either systemic sorafenib or placebo treatment
[46¢°¢]. There was a significantly longer survival and radiologic
time to progression (TTP) outcome in the cohort of patients that
received sorafenib with little or no toxicity. Grade 3 drug-related
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events included diarrhea (8 % in the sorafenib group vs. 2 % in
the placebo group), hand-foot skin reaction (8 % vs. 1 %), hy-
pertension (2 % vs. 1 %) and abdominal pain (2 % vs. 1 %);
there were no grade 4 drug-related adverse events in any of these
categories in either study group. Although sorafenib is the cur-
rent standard of care for patients with advanced HCC, prolon-
gation of radiologic TTP was less than 3 months when com-
pared to best supportive care: 5.5 months versus 2.8 months,
respectively. Overall survival was prolonged less than 3 months
compared to best supportive care, 10.7 months versus
7.9 months, respectively.

In a parallel clinical trial (Pan-Asian) with similar eligibility
criteria to the SHARP trial completed in an Asia-Pacific popu-
lation, sorafenib improved both median overall survival (6.5 vs.
4.2 months, p=0.014) and median TTP (2.8 vs. 1.4 months,
p=0.0005) compared to placebo alone [55¢¢]. The difference
in absolute overall survival and TTP between the SHARP and
Pan-Asian trials were likely secondary to higher degrees of ad-
vanced tumor stage in the Pan-Asian trial, although the differ-
ence between the treatment and placebo groups remained similar
in both trials.

Although sorafenib is currently the standard of care for the
treatment of advanced HCC, the modest improvement in out-
come measures have led to the testing of a wide array of other
molecular targeted agents. Seven randomized phase III clinical
trials have evaluated molecular targeted agents either in the first-
line setting versus sorafenib or in the second-line setting versus
placebo with no evidence of superiority [56—62] (Table 2).

The reasons for the lack of positive results of the trials are
multifactorial and include a lack of knowledge about underly-
ing tumor biology, poor trial design, drug toxicity, and non-
potent systemic agents [63¢¢]. The seven failed trials not only
had similar inclusion criteria as the SHARP trial but also failed
to enrich for patients that were more likely to response to
therapy. Although there is a glaring lack of biomarkers to
predict response to sorafenib therapy, most molecular targeted
agents utilized in other cancers, including breast, colon, and
lung, rely on predictive biomarkers to avoid treating patients
with little to no expected benefit.

First-Line Setting Clinical Trials

Brivanib, a tyrosine kinase inhibitor, with dual inhibition of
fibroblast growth factor (FGF) and vascular endothelial
growth factor (VEGF) demonstrated activity against advanced
HCC in a single arm phase II clinical trial (OS, 10 months,
95 % CI 6.8-15.2) [64]. Using a non-inferiority trial design
with OS as the primary endpoint, brivanib failed to achieve its
endpoint in the subsequent randomized phase III clinical trial
(brivanib, 9.5 months, vs. sorafenib, 9.9 months; HR=1.07
(95 % CI, 0.94-1.2)) [56]. The use of a non-inferiority trial
methodology likely doomed the trial from the onset as the
margin to demonstrate non-inferiority was quite slim, and
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Table 2 First and second-line

setting randomized phase 11 Reference Year Cohort Number Median TTP Median OS
clinical trials in HCC of patients (months) (months)
First-line clinical setting
Llovet 2008 Placebo 303 2.8 79
Sorafenib 299 5.5 10.7
Cheng 2009 Placebo 76 1.4 4.2
Sorafenib 150 2.8 6.5
Johnson 2013 Brivanib 577 4.1 9.5
Sorafenib 578 4.2 9.9
Cheng 2013 Sunitinib 530 3.8 72
Sorafenib 544 4.1 10.2
Cainap 2015 Linifanib 514 54 9.1
Sorafenib 519 4 9.8
Zhu 2015 Sorafenib 362 4 8.5
and Erlotinib
Sorafenib 358 32 9.2
Second-line setting
Llovet 2013 Placebo 108 2.7 8.2
Brivanib 226 4.2 9.4
Zhu 2014 Placebo 184 2.6 73
Everolimus 362 3.0 7.6
Zhu 2015 Placebo 282 2.1 7.6
Ramucirumab 283 2.8 9.2
NR not reached

the investigators were instead relying on trial success to be
determined by fewer adverse events and lower drug cost in
the brivanib arm.

Sunitinib, a multikinase inhibitor, with targets (other than [3-
raf) similar to sorafenib, demonstrated modest efficacy and sig-
nificant adverse events in two separate single arm phase II trials
in patients with advanced HCC [65, 66]. Based on the phase II
data, a dose of 37.5 mg of sunitinib was used in randomized
phase III clinical trial comparing sunitinib to sorafenib in 1074
patients with advanced HCC [57]. The trial was terminated early
due to both futility and a high number of adverse events in the
sunitinib arm. Results at the termination point demonstrated a
median OS for sunitinib of 7.9 months vs. 10.2 months in the
sorafenib cohort (HR=1.30 (95 % CI, 1.13-1.5)). Grade 3 or 4
adverse events occurred in 82 % of sunitinib vs. 74 % of soraf-
enib patients with treatment-related deaths increased by a factor
of 10 in the sunitinib cohort (3.2 % vs. 0.3 %). Given the findings
of modest efficacy with high rates of toxicity from the phase II
trials, outcomes from the phase III trial were not unexpected and
calls into question whether the phase III trial should have ever
been initiated in the first place.

Linifanib, a inhibitor of VEGF and platelet derived growth
factor receptors, demonstrated marginal efficacy in a single arm
phase II clinical trial in advanced HCC (median OS, 9.7 months;
median TTP, 5.4 months) [67]. Using a non-inferiority trial de-
sign randomizing 1030 patients, linifanib failed to meet the pri-
mary endpoint of median OS when compared to sorafenib alone

(9.1 months vs. 9.8 months, HR=1.04) [68]. The study was
terminated early due to futility. In addition to concerns about
limited efficacy, linifanib was associated with increased grade
3 or 4 adverse events compared to sorafenib (85 % vs. 75 %,
p<0.001).

Erlotinib, an inhibitor of epidermal growth factor receptor
(EGFR), demonstrated marginal efficacy in two single arm phase
II trials with median OS of 10 and 13 months [69, 70]. Despite a
lack of preclinical evidence, investigators hypothesized that the
addition of erlotinib to sorafenib would act in a synergistic way to
improve outcomes through dampening EGFR activation seen in
sorafenib exposure [71]. Seven hundred and twenty patients were
randomized in a phase III clinical trial to sorafenib alone or
sorafenib plus erlotinib [59]. Median OS was not statistically
different between the two groups (9.5 vs. 8.5 months,
p=0.408). Although combination therapy had a similar adverse
event profile as sorafenib alone, withdrawal rates for adverse
events were higher in the combination group highlighting a pos-
sible cumulative effect.

Second-Line Setting Clinical Trials

Brivanib was also tested in the second-line setting in patients
who either progressed on sorafenib or were intolerant to therapy.
Compared to placebo the primary endpoint of the phase III trial,
median OS, was not met (9.4 months, brivanib, vs. 8.2 months,
placebo, HR 0.89 (95 % CI, 0.7-1.2)) [60]. Failure of this trial
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was likely due to the unexpected length of survival in the placebo
arm, secondary to a positive selection bias. In the placebo arm
only 12 % of patients had evidence of a malignant portal venous
thrombus compared to 25 % in the brivanib arm.

Everolimus, an inhibitor of the phosphatidylinositol 3-kinase/
Akt/mammalian target of rapamycin (mTOR) pathway was also
investigated in the second-line setting in advanced HCC patients.
A total of 546 patients with HCC who had disease progression or
were intolerant of sorafenib were randomized in a 2:1 fashion to
everolimus or placebo, respectively [61]. Median OS, the prima-
ry endpoint, was similar in both groups, (7.6 months, everolimus,
vs. 7.3 months, placebo, HR 1.05 (95 % CI, 0.86-1.3)).

Ramucirumab, a VEGF receptor 2 inhibitor, also failed to
meet its primary endpoint in the second-line setting. In a phase
IIT clinical trial 585 patients were randomized to either
ramucirumab or placebo [62]. Median OS for the ramucirumab
group was 9.2 months compared to 7.6 months in the placebo
group (HR, 0.87 (95 % CI, 0.7-1.1)). Interestingly, patients with
an a-fetoprotein (AFP) above 400 ng/ml had a prolonged OS and
TTP with ramucirumab treatment compared to placebo. This
finding is currently being evaluated in a phase Il second-line
trial stratifying patients by AFP level [43].

Similar to first-line setting clinical trials, all failed second-
line regimens failed to include prospective biomarkers to se-
lect patients that may have a response to the selected therapy.

Adjuvant Setting Clinical Trial

After curative surgical resection for early-stage HCC, the recur-
rence rate approaches 70 % in most series [2, 3]. Recurrence of
HCC within the first year following resection is thought to be
generally secondary to the underlying tumor biology of the
resected tumor, unlike late recurrence which is generally de novo
tumors related to underlying cirrhosis [3, 72]. It is, at this early
recurrence time point, where administration of adjuvant therapy
offers the most benefit. However, to date, there has been a lack of
clinical trials demonstrating efficacy for systemic therapy to ei-
ther improve rates of recurrence or overall survival following
surgical resection. In the largest trial to date (STORM), 1114
patients were randomized to either sorafenib or placebo follow-
ing curative resection or ablation of early-stage HCC [73]. The
trial failed to meet the primary endpoint, recurrence free survival,
33.4 months, sorafenib, and 33.8 months, placebo. The failure of
the trial highlights the difficulty in extrapolating a positive, albeit
modest, signal from a cohort of patients with advanced HCC to a
cohort with early-stage disease with likely different disease biol-
ogy of hepatocarcinogenesis.

Combination Locoregional and Systemic Therapy
Following locoregional therapy with cTACE or DEB-TACE,

preclinical and clinical models have demonstrated upregulation
of VEGF mediated angiogenesis leading to transient tumor
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proliferation. In a phase II clinical trial 307 patients with inter-
mediate stage HCC (BCLC B) were randomized to placebo or
sorafenib following DEB-TACE [74]. Although the trial met its
primary endpoint of TTP, the overall improvement was only
3 days in the sorafenib group compared to placebo. Although
other smaller trials have demonstrated a modest improvement in
outcomes following combination systemic and locoregional ther-
apy there is no proven benefit for combination therapy at this
time [75-78].

Future Directions of Systemic Therapy

Despite the abject failure of phase III clinical trials in the treat-
ment of advanced HCC following the modest success of sorafe-
nib, at least 5 large clinical trials are currently accruing patients in
the second-line setting. The obvious difference between these
trials and previously completed trials is the use of tissue or blood
based biomarkers as eligibility criteria for trial entry. The use of
predictive biomarkers hopefully will improve the selection of
patients most likely to benefit from the treatment [63¢°].

Lack of Predictive Tissue and Blood Biomarkers to Tailor
Therapy in Non-curative HCC

The treatment of non-curative HCC is heterogeneous and often-
times based on a lack of convincing clinical trial data to support
current treatment trends. Despite increasing incidence and mor-
tality rates for HCC worldwide and the majority of patients pre-
senting with tumors outside of curative therapies, only three clin-
ical trials investigating two modalities have demonstrated effica-
Cy [17¢, 460, 55¢¢]. Moreover, it is clear from single institution,
retrospective data that there appears to be a lack of consensus in
the treatment of intermediate and advanced HCC patients despite
guidelines advocated by national and international organizations
[79-81]. Without any evidence of prospective clinical data, pa-
tients with intermediate and advanced HCC are oftentimes treat-
ed with locoregional and/or systemic therapy depending on pro-
vider and institutional bias or preference.

The lack of clear consensus in the treatment of intermediate
and advanced HCC is likely secondary to the knowledge gap
about the tumor biology of patients who present with non-
curative tumors. Currently, the diagnosis of HCC routinely re-
lies on characteristic radiologic imaging without a tissue biopsy.
Although this decreased the risks of unnecessary tissue biop-
sies, this practice has hampered the integration of tumor biolo-
gy into clinical management decisions [5, 63ee, 82].

To date, more than 20 gene signatures derived from either
tumoral or non-tumoral adjacent tissue have been correlated with
survival and recurrence outcome measures [82]. Unfortunately,
there are no published or gene bank accessible signatures of
tumors from intermediate or advanced stage HCC. Every cur-
rently available gene signature is from surgically resected speci-
mens from early-stage HCC. From a genomic perspective it is
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clear that HCC is a highly heterogenic and drivers of
hepatocarcinogenesis responsible for early-stage disease may
not be transferrable to patients with more aggressive tumor biol-
ogy [82]. Hopefully, with the increasing number of open clinical
trials requiring pre-treatment tissue biopsy, further genomic pro-
filing of intermediate and advanced tumors will help fill this
significant knowledge gap and provide molecular information
needed to tailor treatment decisions.

Conclusions

HCC is the fastest growing cause of cancer-related death in the
western world with the majority of patients presenting with tu-
mors only eligible for non-curative therapies. Currently, patients
with multifocal tumors — without evidence of metastatic disease
or macrovascular invasion — are typically treated with
locoregional therapies including TACE and TARE, with no
known significant difference in outcomes between different
locoregional options. Patients with metastatic disease or
macrovascular invasion are typically treated with systemic ther-
apy, with sorafenib being the only systemic agent with demon-
strated proven, albeit modest, efficacy. The lack of tissue biopsy
to diagnosis HCC has undoubtedly led to a poor understanding
of the tumor biology for intermediate and advanced HCC and a
lack of predictive/prognostic biomarkers. This knowledge gap
will hopefully be filled with the advent of future clinical trials
mandating a tissue diagnosis.
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