
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i36.10336

World J Gastroenterol  2015 September 28; 21(36): 10336-10347
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2015 Baishideng Publishing Group Inc. All rights reserved.

10336 September 28, 2015|Volume 21|Issue 36|WJG|www.wjgnet.com

Predictive biomarkers of sorafenib efficacy in advanced 
hepatocellular carcinoma: Are we getting there?

Yu-Yun Shao, Chih-Hung Hsu, Ann-Lii Cheng

Yu-Yun Shao, Chih-Hung Hsu, Ann-Lii Cheng, Graduate 
Institute of Oncology, National Taiwan University College of 
Medicine, Taipei 10051, Taiwan

Yu-Yun Shao, Chih-Hung Hsu, Department of Oncology, 
National Taiwan University Hospital, Taipei 10002, Taiwan

Ann-Lii Cheng, Departments of Oncology and Internal Medicine, 
National Taiwan University Hospital, Taipei 10002, Taiwan

Author contributions: Shao YY and Hsu CH collected data; 
Shao YY, Cheng AL, and Hsu CH wrote the paper.

Supported by  Grants from National Science Council, 
Taiwan No. NSC-101-2314-B-002-141 and No. NSC-102-
2314-B-002-120; and Ministry of Science and Technology, 
Taiwan, No. MOST-103-2314-B-002-181-MY2, No. MOST-103-
2314-B-002-090 and No. MOST -103-2314-B-002-092.

Conflict-of-interest statement: Yu-Yun Shao has nothing 
to declare. Chih-Hung Hsu has received fees for serving as a 
speaker from Bayer, and a consultant for Bayer, Exelixis, and 
Roche. Ann-Lii Cheng was a consultant of Novartis, Merck 
Serono, Eisai, Exelixis, and GlaxosmithKline LLC, and received 
research funding from Sanofi (China) and Chugai Pharma R&D 
Taiwan Ltd.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Chih-Hung Hsu, MD, PhD, Department 
of Oncology, National Taiwan University Hospital, 7 Chung-
Shan South Road, Taipei 10002, 
Taiwan. chihhunghsu@ntu.edu.tw
Telephone: +886-2-23123456-67680
Fax: +886-2-23711174

Received: March 24, 2015
Peer-review started: March 26, 2015
First decision: May 18, 2015
Revised: May 26, 2015
Accepted: August 28, 2015
Article in press: August 31, 2015
Published online: September 28, 2015

Abstract
Sorafenib is the current standard treatment for 
advanced hepatocellular carcinoma (HCC), but its 
efficacy is modest with low response rates and short 
response duration. Predictive biomarkers for sorafenib 
efficacy are necessary. However, efforts to determine 
biomarkers for sorafenib have led only to potential 
candidates rather than clinically useful predictors. 
Studies based on patient cohorts identified the potential 
of blood levels of angiopoietin-2, hepatocyte growth 
factor, insulin-like growth factor-1, and transforming 
growth factor-β1 for predicting sorafenib efficacy. 
Alpha-fetoprotein response, dynamic contrast-enhanced 
magnetic resonance imaging, and treatment-related 
side effects may serve as early surrogate markers. 
Novel approaches based on super-responders or 
experimental mouse models may provide new directions 
in biomarker research. These studies identified tumor 
amplification of FGF3/FGF4  or VEGFA  and tumor 
expression of phospho-Mapk14 and phospho-Atf2 as 
possible predictive markers that await validation. A 
group effort that considers various prognostic factors 
and proper collection of tumor tissues before treatment 
is imperative for the success of future biomarker 
research in advanced HCC.
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Core tip: A predictive biomarker of sorafenib efficacy in 
advanced hepatocellular carcinoma is a clinical unmet 
need. Previous studies identified the potential of blood 
levels of angiopoietin-2, hepatocyte growth factor, 
insulin-like growth factor-1, and transforming growth 
factor-β1 for predicting sorafenib efficacy. Alpha-
fetoprotein response, dynamic contrast-enhanced 
magnetic resonance imaging, and treatment-related 
side effects may serve as early surrogate markers. 
Novel approaches based on super-responders or 
experimental mouse models may provide new research 
directions. A group effort that considers various 
prognostic factors and proper collection of tumor 
tissues before treatment is imperative for the success 
of future biomarker research in advanced hepatocellular 
carcinoma.
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INTRODUCTION
Advanced hepatocellular carcinoma (HCC) is defined 
as metastatic or locally advanced HCC not amenable 
to locoregional therapy, including surgery, local 
ablation, or transcatheter arterial chemoembolization 
(TACE). Advanced HCC is known for its extremely poor 
prognosis. Patients who received supportive care only 
for advanced HCC exhibited a median overall survival 
(OS) of only 4.2 and 7.9 mo in East Asian and Western 
countries, respectively[1,2].

In most countries, sorafenib is the only approved 
therapy for advanced HCC because the drug has 
been demonstrated to provide survival benefits in 2 
randomized, placebo-controlled, double-blind phase Ⅲ 
clinical trials[1,2]. Sorafenib is a multikinase inhibitor of 
several growth factor signaling pathways; it inhibits the 
vascular endothelial growth factor (VEGF) pathway by 
inhibiting VEGF receptors, and the mitogen-activated 
protein kinase (MAPK) pathway by inhibiting Raf[3].

Although sorafenib can prolong OS, its efficacy is 
modest. In the 2 phase Ⅲ clinical trials comparing 
sorafenib with a placebo as first-line therapy for 
advanced HCC, the objective response rate (ORR) of 
sorafenib was only 2% to 3%; the disease control rate 
(DCR) was approximately 34% to 43%, and survival 
prolongation was fewer than 3 mo[1,2]. Numerous 
investigators have attempted to develop new therapies 
for improving treatment outcomes of advanced HCC. 
However, phase Ⅲ studies comparing sunitinib, 
brivanib, and linifanib to sorafenib all failed, so did a 
phase Ⅲ study comparing sorafenib with erlotinib with 
sorafenib alone[4-8]. As of 2015, sorafenib remains the 
only approved therapy for advanced HCC although it 

was approved for this use in the United States in 2007.
Because sorafenib is the only approved drug for 

advanced HCC but exhibits a relatively modest activity, 
a biomarker to predict sorafenib efficacy can assist 
in identifying the minority of patients who are likely 
to benefit from the treatment. Numerous studies 
have attempted to determine predictive markers 
for sorafenib efficacy by analyzing the associations 
between potential markers and patient outcomes. 
However, most such studies were based on single-
arm studies that lack a comparable arm of patients 
treated with a placebo, making differentiating 
predictive markers from prognostic markers difficult[9]. 
Furthermore, using objective tumor response to 
measure treatment efficacy, a strategy that has 
been adopted for other cancer types, may not be 
appropriate for sorafenib in HCC treatment because 
of the extremely low ORR of the drug[1,2,10]. OS is 
also not an ideal endpoint for identifying predictive 
biomarkers of sorafenib in HCC treatment because 
it cannot be used to differentiate predictive markers 
from prognostic markers. DCR, time to progression 
(TTP), and progression-free survival (PFS) have thus 
been adopted as alternative endpoints in these studies. 
However, DCR, TTP, and PFS are endpoints that 
consider not only treatment efficacy but also inherent 
tumor behavior.

With these potential limitations in mind, in this 
paper we summarize the current understanding of 
predictive markers for sorafenib in advanced HCC 
treatment. Tables 1 and 2 present the key findings 
of the studies discussed in this review. Studies 
examining only prognostic markers are excluded. We 
also discussed novel approaches for finding predictive 
markers for sorafenib. Although the results of these 
studies have not been validated, advances in methods 
may assist in future biomarker studies. 

BLOOD FACTORS
Vascular endothelial growth factor-A
A key target of sorafenib is the VEGF receptor-2; 
consequently, the ligand VEGF-A has been studied as 
a potential predictor for sorafenib efficacy. In research 
based on SHARP study, a phase Ⅲ trial conducted in 
Western countries comparing sorafenib with a placebo 
as first-line therapy for advanced HCC, Llovet et al[11] 
found that baseline plasma VEGF-A concentration 
exhibited no predictive values although low plasma 
VEGF-A was associated with improved prognosis. This 
finding was comparable to that of a biomarker study 
based on a single-arm clinical trial that showed the 
association between low plasma VEGF-A level with 
improved OS but not a higher DCR or improved PFS[12].

A small study with 30 patients demonstrated that 
low serum VEGF-A levels were associated with a higher 
DCR but not improved PFS or OS[13]. The study is the 
only research to indicate the potential for VEGF-A as 
a predictive marker, but its small scale and failure to 
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demonstrate an association with TTP or PFS rendered 
the findings less convincing. 

Interleukin-6 and interleukin-8
Interleukin (IL)-6 and IL-8 are important inflammatory 
response mediators that can promote angio
genesis[14,15]. Shao et al[12] analyzed the outcomes 
of patients who received sorafenib with metronomic 
chemotherapy as first-line therapy for advanced HCC 
and demonstrated that high pretreatment plasma 
IL-6 or IL-8 levels were associated with poor PFS 
and OS. Although the baseline pretreatment IL-6 or 
IL-8 levels were not associated with DCR, patients 
with progressive disease exhibited significantly more 
increases in IL-6 and IL-8 levels after treatment than 
did patients with disease control.

Shao et al[12] reported that IL-6 and IL-8 levels 

may predict sorafenib efficacy. However, the patient 
cohort in that study did not receive sorafenib alone. 
In addition, the study was small in scale and lacked 
validation. Further study is warranted.

Angiopoietin-2
Angiopoietin-2 (Ang-2) is a crucial angiogenic factor. 
By binding to its receptor Tie2, Ang-2 cooperates with 
the VEGF pathway to maintain normal physiological 
functions. In the presence of VEGF, Ang-2 destabilizes 
blood vessels and promotes vascular sprouting[16]. In 
cancers, Ang-2 is linked to not only angiogenesis but 
also invasive and metastatic phenotypes[16]. Although 
sorafenib exerts no significant activity against Tie2[3], 
the predictive value of Ang-2 has been explored in 2 
studies.

As discussed, Llovet et al[11] conducted a large 

10338 September 28, 2015|Volume 21|Issue 36|WJG|www.wjgnet.com

Table 1  Studies on predictive and prognostic markers for advanced hepatocellular carcinoma - serum or plasma markers

Authors Treatment Findings supportive of

Predictive markers Prognostic markers Others

VEGF-A Llovet et al[11] Sorafenib vs placebo No predictive values Low VEGF-A → longer OS -
Shao et al[12] Sorafenib plus UFT No predictive values Low VEGF-A → longer OS -
Miyahara et al[13] Sorafenib High VEGF → PD No prognostic values Not associated with PFS

IL-6 & 8 Shao et al[12] Sorafenib plus UFT - High IL-6 and IL-8 → 
shorter OS

High IL-6 and IL-8 → 
shorter PFS

Ang-2 Llovet et al[11] Sorafenib vs placebo No predictive values High Ang-2 → shorter OS -
Miyahara et al[13] Sorafenib High Ang-2 → PD No associations High Ang-2 → shorter 

PFS
IGF-1 Shao et al[20] Sorafenib plus UFT or 

bevacizumab plus capecitabine
High IGF-1 → better DCR High IGF-1 → longer OS High IGF-1 → longer PFS

TGF-β1 Lin et al[23] Sorafenib with or without UFT - High TGF-β1 → shorter 
OS

High TGF-β1 → shorter 
PFS

HGF Llovet et al[11] Sorafenib vs placebo Low HGF → better 
efficacy1

- -

Miyahara et al[13] Sorafenib High HGF → PD No associations High HGF → shorter PFS
G-CSF Miyahara et al[13] Sorafenib High G-CSF → PD No associations High G-CSF → shorter 

PFS
AFP response Shao et al[31] Sorafenib or thalidomide with 

tegafur/uracil
Bevacizumab with capecitabine

AFP response → longer 
DCR

AFP response → longer 
OS

AFP response → longer 
PFS

Personeni et al[32], 
Yau et al[33], 
and Kuzuya et al[34]

Sorafenib AFP response → longer 
DCR

AFP response → longer 
OS

AFP response → longer 
PFS

Nakazawa et al[35] Sorafenib AFP elevation → PD AFP elevation → shorter 
OS

AFP elevation → shorter 
PFS

Circulating 
endothelial cells 
or progenitors

Shao et al[46] Sorafenib plus UFT Increase in post-treatment 
total CEC or viable CEC → 

PD1

High CEP → shorter OS High CEP → shorter PFS

Neutrophil-
to-lymphocyte 
ratio

Zheng et al[52] Sorafenib High ratio → shorter TTP High ratio → shorter OS -

ERK activity 
changes

Caraglia et al[55] Sorafenib + octreotide Post-treatment increase → 
PD

- -

Soluble c-Kit Llovet et al[11] Sorafenib vs placebo High c-Kit → better 
efficacy1

- -

Leptin Miyahara et al[13] Sorafenib High leptin → PD No associations High leptin → shorter PFS
LDH Faloppi et al[56] Sorafenib - LDH decrease → longer 

OS
LDH decrease → longer 

PFS

1Borderline significant. AFP: Alpha-fetoprotein; CEC: Circulating endothelial cells; CEP: Circulating endothelial progenitors; DCP: Des-γ-carboxy 
prothrombin; DCR: Disease control rate; G-CSF: Granulocyte-colony stimulating factor; HGF: Hepatocyte growth factor; IGF: Insulin-like growth factor; 
IL: Interleukin; LDH: Lactate dehydrogenase; ORR: Objective response rates; OS: Overall survival; PD: Progressive disease; PFS: Progression-free survival; 
TTP: Time to progression; UFT: Tegafur/uracil; VEGF: Vascular endothelial growth factor. 
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In a study of patients with all-stage HCC, Kaseb et 
al[19,21] demonstrated that plasma IGF-1 levels could 
serve as a satisfactory prognostic marker. Because 
the study by Shao et al[20] was based on single-arm 
clinical trials, there is a chance that their findings were 
attributed to the prognostic role of IGF-1, rather than 
the ability of IGF-1 in predicting sorafenib efficacy. 
Nevertheless, the vast difference in DCR between 
patients with high and low levels of IGF-1 (71% vs 
39%) in the study by Shao et al[20] still suggests that 
circulating IGF-1 levels may be useful in predicting 
sorafenib efficacy in HCC treatment. Additional 
validation studies are warranted.

Transforming growth factor-β1
Activation of the transforming growth factor (TGF)-β 
signaling pathway has been shown to promote tumor 
progression, particularly at late and advanced tumor 
stages. Blood TGF-β1 levels were higher in patients 
with HCC than in patients with chronic hepatitis 
or cirrhosis[22]. Lin and Shao et al[23] reported that 
patients who received sorafenib containing regimens 
for advanced HCC exhibited poorer PFS and OS when 
they had higher pretreatment serum TGF-β1 levels. 
The DCRs were similar between patients with higher 
and lower serum TGF-β1 levels. In addition, serum 

biomarker study based on SHARP study. The authors 
found that a high baseline plasma Ang-2 level was an 
independent factor for poorer OS but not for reduced 
sorafenib efficacy. Conversely, in a small retrospective 
study, a high serum Ang-2 level was associated with 
a lower DCR and poorer PFS[13]. The actual role of 
Ang-2 in predicting sorafenib efficacy warrants further 
investigations.

Insulin-like growth factor-1
The insulin-like growth factor (IGF) signaling pathway 
is key in regulating energy metabolism and growth[17]. 
The pathway is also critical in the carcinogenesis of 
many cancers. Neoplastic tissues frequently express 
the ligands of the pathway, IGF-1 and IGF-2[17]. 
However, most circulating IGF-1 and IGF-2 are 
synthesized by the liver[18]. Thus, IGF-1 levels appear 
to be associated with liver reserves[19].

Shao et al[20] explored the predictive role of serum 
IGF-1 levels by examining patients who were enrolled 
in 2 phase Ⅱ clinical trials. The patients received 
either sorafenib with metronomic chemotherapy or 
bevacizumab with capecitabine as first-line therapy for 
advanced HCC. In the study, high pretreatment serum 
IGF-1 levels were associated with a higher DCR and 
improved PFS and OS. 
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Table 2  Studies on predictive and prognostic markers for advanced hepatocellular carcinoma -- tissue biomarkers, clinical 
parameters, and others

Markers Authors Treatment Findings supportive of

Predictive markers Prognostic markers Others

Tissue biomarkers
   p-ERK expression Abou-Alfa et al[57] Sorafenib High p-ERK → longer TTP - -

Ozenne et al[58] Sorafenib No predictive values - -
Chen et al[59] Sorafenib High p-ERK → longer TTP - -

   p-c-Jun expression Hagiwara et al[61] Sorafenib High p-c-Jun expression → poor 
response, shorter TTP

p-c-Jun expression → 
shorter OS

-

Clinical parameter
   DCE-MRI Hsu et al[63] Sorafenib plus 

UFT
High baseline Ktrans or decreased Ktrans 

after treatment→ higher DCR
Vascular response1 → 

longer OS
Vascular response1 → 

longer PFS
   Positron emission 
tomography

Lee et al[68] Sorafenib - Low SUV → longer OS Low SUV → longer 
PFS

   Hypertension Estfan et al[71] Sorafenib Hypertension → longer TTP (?)2 Hypertension → longer OS -
Otsuka et al[72] Sorafenib No predictive values No prognostic values -

   Skin toxicity Otsuka et al[72] Sorafenib No predictive values Skin toxicities → longer OS -
Lee et al[73] Sorafenib - ≥ grade 2 skin toxicities → 

longer OS
≥ grade 2 skin 

toxicities → longer PFS
Vincenzi et al[74] Sorafenib Early4 ≥ grade 1 skin toxicities → longer 

DCR and TTP
Early ≥ grade 1 skin 

toxicities → longer OS3
-

   Hepatitis etiology Shao et al[78] Sorafenib vs 
other treatments

Synthesized hazard ratio for overall mortality: 0.65 in patients with HCV etiology and 0.87 in 
patients with non-HCV etiology

Novel approaches
   FGF3/FGF4 
amplification

Arao et al[79] Sorafenib FGF3/FGF4 amplification → higher 
tumor response

- -

   VEGFA amplification Horwitz et al[85] Sorafenib - VEGFA amplification → 
longer OS

-

   p-Mapk14, p-Atf2 
expression

Rudalska et al[86] Sorafenib - High p-Mapk14 or p-Atf2 
expression → shorter OS

-

1Defined as ≥ 40% decreased in Ktrans after treatment; 2Statistical values of the comparison not reported; 3Borderline statistical significance; 4Within the first 
month of treatment. DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; DCR: Disease control rate; OS: Overall survival; p-: Phospho-; 
PBMC: Peripheral blood mononuclear cells; PFS: Progression-free survival; TTP: Time to progression; UFT: Tegafur/uracil. 
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TGF-β1 levels significantly increased before disease 
progression.

Although these findings suggest that TGF-β is 
associated sorafenib resistance, the current data are 
insufficient to justify using TGF-β levels as a predictive 
marker for sorafenib efficacy in HCC treatment.

Hepatocyte growth factor
Hepatocyte growth factor (HGF) is the ligand for c-Met, 
the overexpression of which has been reported in HCC[24]. 
The HGF and c-Met pathway was demonstrated to 
be involved in sorafenib resistance[25]. In a biomarker 
study based on SHARP study, low HGF was found 
to be associated with improved sorafenib efficacy, 
but the findings reached only borderline statistical 
significance[11]. In a small retrospective study, patients 
with higher HGF levels were less likely to have disease 
control and exhibited shorter PFS[13]. These 2 studies 
have demonstrated the potential of HGF as a predictive 
marker for sorafenib efficacy. Validation studies are 
warranted.

Alpha-fetoprotein
Alpha-fetoprotein (AFP) is a glycoprotein expressed 
by HCC and secreted into the blood of approximately 
70% of HCC patients[26]. For patients who undergo 
curative hepatectomies for localized HCC, pretreatment 
AFP levels are associated with prognosis[27]. A few 
studies have also reported that patients with advanced 
HCC and higher pretreatment AFP levels exhibited 
poorer prognosis[11,28-30]. However, little association 
between pretreatment AFP levels and DCR, TTP, or 
PFS has been determined[28,29]. The predictive value 
of pretreatment AFP levels for sorafenib efficacy is 
limited.

Conversely, a post-treatment change in AFP levels 
has been proposed as a potential surrogate marker 
for treatment efficacy in advanced HCC. For patients 
who were enrolled in clinical trials and received 
antiangiogenic regimens including sorafenib, Shao 
et al[31] demonstrated the AFP response, defined as 
a 20% decline in AFP levels after treatment, was 
associated with a higher DCR and improved PFS and 
OS. Subsequently, similar findings were reported 
in several studies with patients receiving sorafenib 
alone[32-34]. Another study revealed that patients 
with post-treatment AFP elevation exhibited poorer 
outcomes to sorafenib treatment for HCC[35]. The 
usefulness of AFP response may not be restricted 
to sorafenib treatment. Before sorafenib became 
available, AFP response had been associated with 
radiologic tumor response and the survival of advanced 
HCC patients treated with conventional chemotherapy 
or other types of systemic agents[36-38].

However, several problems have been identified 
in using AFP response as a marker in clinical practice. 
First, AFP response cannot be used in determining 
treatment decisions before treatment. Second, AFP 
response is inapplicable for patients with normal 

pretreatment AFP levels. Third, no consensus exists 
regarding when post-treatment AFP levels should be 
examined. Finally, the clinical usefulness of integrating 
AFP response with sorafenib treatment has not yet 
been verified in prospective studies with adequate 
statistical power.

Circulating endothelial cells or progenitors
Circulating endothelial cells (CECs) and circulating 
endothelial progenitors (CEPs) are potential surrogate 
markers of angiogenesis activity. Increases of CECs 
and CEPs occur in various physiologic and pathologic 
conditions in which angiogenesis is critical[39]. Elevated 
CEC and CEP levels have been identified in patients 
with HCC and associated with tumor aggressiveness 
and advanced cancer stages[40-43].

Although a few other studies have examined CEC 
and CEP levels in patients with advanced HCC[44,45], 
only one study enrolled patients who received sorafenib-
containing regimens[46]. Shao et al[46] evaluated 40 
patients enrolled in a phase Ⅱ study testing first-line 
combination therapy with sorafenib and metronomic 
chemotherapy. The study reported increasing levels of 
total CECs or viable CECs after 4 wk of treatment in 
patients with progressive disease but not in patients 
with disease control. A high baseline CEP level 
predicted poorer PFS or OS.

Despite the sound rationale of using CECs or CEPs 
to predict the efficacy of antiangiogenic therapy, the 
findings of Shao et al[46] have not been validated. 
Enumeration of CECs or CEPs is highly technique-
dependent, which might be a major obstacle for large 
validation studies and the clinical use of these markers.

Neutrophil-to-lymphocyte ratio
The blood neutrophil-to-lymphocyte ratio (NLR) has 
been proposed as a potential prognostic marker 
for HCC. A high NLR has been associated with poor 
prognosis in patients who received resection, TACE, 
or ablation[47-49], but negative results have also been 
reported[50]. 

For patients with advanced HCC who received 
sorafenib, the NLR has also been associated with 
prognosis[51]. In a retrospective study, a high 
pretreatment NLR was associated with decreased 
OS and TTP[52]. The research is the only study to 
demonstrate the potential predictive role of NLRs. 
Because NLRs have been demonstrated to be easily 
affected by numerous diseases such as acute coronary 
syndromes, diabetes mellitus, essential hypertension, 
and thyroid dysfunction[53], a large study adequately 
controlling these cofactors is necessary to study the 
predictive and prognostic roles of NLRs for advanced 
HCC.

Changes in activity of extracellular signal-regulated 
kinase
One of the targets of sorafenib is Raf[3], a member 
of the MAPK pathway. Extracellular signal-regulated 
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kinase (ERK) locates downstream to Raf in the 
signaling cascade[54]. Caraglia et al[55] examined ERK 
activity in peripheral blood mononuclear cells as a 
pharmacodynamic marker for sorafenib. Patients with 
disease progression after receiving sorafenib treatment 
for advanced HCC exhibited increased post-treatment 
ERK activity. By contrast, ERK activity declined in 
patients with disease control.

Like AFP response, ERK activity changes cannot be 
used as a pretreatment predictive marker. Unlike AFP 
response, which can be only for patients with elevated 
AFP levels, ERK activity changes, if a truly effective 
marker, can be used for all patients treated with 
sorafenib. Additional validation studies are anticipated.

Others
The potential of other molecule levels as predictive 
markers for sorafenib efficacy has also been explored. 
The study by Llovet et al[11] reported borderline 
statistical significance for soluble c-Kit levels in 
predicting sorafenib efficacy. A retrospective study 
showed high blood granulocyte-colony stimulating 
factor and leptin levels to be associated with 
disease progression and poor PFS[13]. Even lactate 
dehydrogenase has been associated with PFS and 
OS[56]. However, most of these findings were based 
on studies comprising a limited number of patients 
are thus pending validation. Some of the studies also 
lacked clear mechanisms for explaining the potential 
associations. 

TISSUE BIOMARKERS
Direct examining tumor tissues is a more direct 
method for determining predictive biomarkers than 
are blood factors. However, studies that do so for 
advanced HCC are scarce. A crucial reason for this is 
that HCC diagnosis does not necessarily require tissue 
proof. We discuss this issue further in the “CHALLENGES 
IN BIOMARKER STUDIES FOR ADVANCED HCC” 
section.

Phospho-ERK expression
Because sorafenib inhibits both angiogenesis-related 
pathways and the MAPK pathway through Raf, several 
studies have examined the downstream signaling 
molecules of Raf, such as ERK. In a phase Ⅱ study of 
sorafenib for advanced HCC, Abou-Alfa et al[57] showed 
that patients with tumors expressing high phospho- 
(p-) ERK had a longer TTP. However, recent studies 
have reported conflicting results[58,59]. Because of the 
failure of other inhibitors against the MAPK pathway in 
treating HCC[60], the role of MAPK pathway inhibition 
in sorafenib efficacy for HCC treatment might not be 
as pivotal as expected. Whether p-ERK expression is 
useful in predicting sorafenib efficacy remains unclear.

Phospho-c-Jun expression
A study based on 39 patients treated with sorafenib 

for advanced HCC showed that the tumor expression 
of p-c-Jun was associated with a poor tumor response, 
TTP, and OS[61]. By demonstrating its association with 
CD-133 expression, p-c-Jun expression was associated 
with stem cell-like characteristics. The mechanism 
underlying the association between p-c-Jun and 
sorafenib efficacy requires further exploration.

CLINICAL PARAMETERS
Dynamic contrast-enhanced magnetic resonance 
imaging
Dynamic contrast-enhanced magnetic resonance 
imaging (DCE-MRI) measures changes in tumor 
blood flow, vascular permeability, and interstitial and 
intravascular volumes[62]. Therefore, DCE-MRI has 
the potential for monitoring antiangiogenic effects. 
Because sorafenib harbors antiangiogenic activity, 
Hsu et al[29] performed DCE-MRI on patients who 
were enrolled in a phase Ⅱ clinical trial that evaluated 
sorafenib with metronomic tegafur/uracil as first-line 
therapy for advanced HCC. DCE-MRI was performed 
before treatment and after 14 d of treatment[63]. The 
research selected the most contrast-enhanced region 
of the tumor and measured the Ktrans parameter. A 
vascular response, defined as a ≥ 40% decrease in 
Ktrans after treatment, was associated with improved 
PFS and OS. 

Because of its mechanism, DCE-MRI may not 
be a specific marker for sorafenib but for all kinds 
of antiangiogenic therapy. Another study examining 
sunitinib as a treatment for advanced HCC found 
similar results[45]. The currently available data suggest 
that DCE-MRI measurements, like post-treatment 
AFP response, may be used as an early surrogate 
marker for response to sorafenib treatment. However, 
the association between DCE-MRI parameters and 
tumor response awaits validation. In addition, whether 
this method is cost effective also requires careful 
evaluation.

Positron emission tomography
Although 18F-fluorodeoxyglucose (FDG)-PET exhibits 
a low sensitivity (50%-55%) for HCC diagnosis[64,65], 
it may predict prognosis after resection or TACE for 
patients with HCC avid for labeled glucose[66,67]. Only 
one study examined FDG-PET in patients who received 
antiangiogenic therapy for advanced HCC. After 
studying 29 patients treated with sorafenib, Lee et al[68] 
showed that a low pretreatment standardized uptake 
value of FDG predicted improved PFS and OS but not a 
higher DCR. This result requires further confirmation.

Treatment side effects
The occurrence of treatment-related side effects can be 
a pharmacodynamic marker. Numerous studies have 
investigated whether the occurrence of certain treatment 
side effects can predict treatment efficacy. For example, 
a skin rash is associated with cetuximab efficacy in 
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patients with metastatic colorectal cancer[69,70].
Hypertension is a class-specific toxicity for anti

angiogenic therapy. Estfan et al[71] performed a retro
spective review of 41 patients who received sorafenib 
for advanced HCC and showed that documented 
hypertension during treatment was associated with OS, 
regardless of baseline blood pressure status. However, 
another retrospective study based on patients treated 
with sorafenib for advanced HCC failed to identify 
associations between hypertension and DCR, PFS, or 
OS[72].

Skin toxicities, including hand-foot skin reactions 
and rashes, are relatively common in patients receiving 
sorafenib treatment. Two retrospective studies, one 
conducted in Japan and one in South Korea, revealed 
that the occurrence of skin toxicities during sorafenib 
treatment is associated with improved OS[72,73]. The 
South Korean study also demonstrated an association 
between hand-foot skin reactions and improved PFS[73]. 
However, a retrospective analysis of skin toxicities 
during the entire treatment period may have been 
confounded by an inherent observation bias because 
patients who are treated for longer periods may be at 
a greater risk of experiencing toxicities.

Vincenzi et al[74] examined associations between 
treatment outcomes and skin toxicities within only 
the first month of treatment. Sixty-five patients 
who received sorafenib for advanced HCC were 
enrolled, and early all-grade skin toxicities predicted a 
significantly improved DCR and TTP and prolonged OS 
with borderline significance.

Clearly, treatment side effects are not ideal bio
markers for dictating patient treatment. Like AFP 
response and parameter changes in DCE-MRI, these 
treatment side effects can serve only as surrogate 
markers.

Hepatitis etiology
HCC is a unique cancer because most patients had 
clear etiology. Common etiologic factors for HCC 
included hepatitis B virus, hepatitis C virus (HCV), 
and alcoholic liver disease. These various etiologic 
factors lead to different carcinogenesis processes and 
thus different tumor biologic signatures[75-77]. These 
variations may affect the efficacy of targeted therapies.

In a meta-analysis based on 4 randomized phase 
Ⅲ clinical trials that compared sorafenib with either 
a placebo or other treatments, Shao et al[78] revealed 
that patients with HCV infection may have better 
treatment outcomes than do patients with other 
etiologies. The synthesized hazard ratio for overall 
mortality, which compared patients who received 
sorafenib with patients who received other treatments, 
was 0.65 in HCV-positive patients and 0.87 in HCV-
negative patients. The study was limited by the lack of 
a multivariate analysis to adjust for other confounding 
factors. However, the research indicated that other 
clinical factors, such as ethnicity and performance 

status, did not exert such a difference in hazard 
ratios as that between patients with or without HCV 
infection. This finding requires further validation and 
exploration. If true, the underlying mechanisms of HCV 
etiology associated with improved treatment outcomes 
by using sorafenib may assist in determining new 
treatment targets.

NOVEL APPROACHES 
Most biomarker studies begin with a cohort of patients 
who receive a specific treatment. In our review, such 
studies enrolled patients who received sorafenib for 
advanced HCC with various responses. However, novel 
approaches have emerged. One approach is to begin 
with a few patients who exhibited dramatic response 
from sorafenib treatment for HCC. These super-
responders have been argued as providing stronger 
signals, rather than noise, in biomarker detection. 
Another approach is combining mouse liver cancer 
models, which are intended to mimic human HCC 
more closely than do conventional human cancer 
cell lines, with cutting-edge, mass genetic screening 
strategies to examine critical molecular mechanisms 
underlying sensitivity and resistance to sorafenib 
treatment.

Super-responders
Arao et al[79] identified FGF3/FGF4 amplification in a 
patient with advanced HCC who dramatically responded 
to sorafenib. Among 10 other sorafenib responders, 
3 patients also exhibited FGF3/FGF4 amplification. By 
contrast, no FGF3/FGF4 amplification was found in 38 
patients who exhibited stable or progressive disease. 
According to the literature, FGF3/FGF4 amplification can 
be found in 0% to 7% of patients with HCC[80-82].

However, no validation studies have been performed 
and how FGF3/FGF4 amplification is associated with 
sorafenib efficacy remains unclear. Located at 11q13, 
the FGF3/FGF4 site is beside FGF19 and CCND1, 2 
genes also frequently reported to exert amplifications in 
HCC tissues[83,84]. Whether FGF3/FGF4 amplification has 
a direct association with sorafenib or is just a bystander, 
which would suggest other underlying mechanisms, 
requires further study.

Mouse liver cancer models
After applying array-based, comparative genomic 
hybridization in Mdr2-deficient mice (Mdr2−/−) that had 
developed chronic liver inflammation and liver tumors, 
Horwitz et al[85] found that 14% of the mouse liver 
tumors exhibited the genomic amplification of VEGFA, 
the VEGF-A coding gene. The researchers determined 
that the mouse liver tumors with VEGFA amplification 
exhibited a more distinctive sensitivity to sorafenib 
treatment than did those without VEGFA amplification. 
Among 54 patients who received sorafenib, VEGFA 
amplification was associated with improved OS. No 
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association with DCR, TTP, or PFS was reported. 
However, the finding with this mouse model indicated 
the potential of VEGFA amplification as a predictive 
marker in human HCC. Further validation is warranted.

Using a focused short hairpin RNA (shRNA) library 
targeting genes located within the focal genomic 
amplifications of human HCC in a transposon-based, 
mouse liver cancer model, Rudalska et al[86] intended 
to identify target genes, the inhibition of which 
would increase sorafenib efficacy. The researchers 
determined that the shRNA-mediated downregulation 
or chemical inhibition of Mapk14 (p38α) sensitized 
mouse liver tumors to sorafenib treatment. The study 
also reported that, among 16 HCC patients treated 
with sorafenib, high tumor expression of p-Mapk14 
and its downstream target p-Atf2 before treatment 
was associated with shorter OS. The study suggests 
that Mapk14 signaling could be a critical mechanism in 
sorafenib resistance. Whether Mapk14 signaling could 
serve as a predictive biomarker for sorafenib treatment 
in advanced HCC requires additional validation studies. 

CHALLENGES IN BIOMARKER STUDIES 
FOR ADVANCED HCC
Despite the clinical need for a predictive marker for 
sorafenib efficacy, a lack of progress in this search 
has persisted over the past few years. A major factor 
contributing to this lack of progress is the scarcity of 
HCC tissues, particularly those obtained at advanced 
stages and before sorafenib treatment. As a result, 
some studies failed to validate their in vitro findings 
about potential predictive biomarkers in adequate 
clinical cohorts[87].

HCC diagnosis does not necessarily require a 
histology diagnosis[88], which is extremely rare among 
malignant diseases. Routinely obtaining tissues from 
patients with advanced HCC for biomarker research 
may not be ethically sound. Even when tissue samples 
are available, the methods of tissue procurement may 
considerably affect the stability of certain markers and 
their expression levels. For example, Shao et al[89] 
compared the immunohistochemical staining results 
of paired HCC tissues acquired through pre-operative 
biopsies and hepatectomies performed on the same 
patients. Although markers such as p53 and beta-
catenin exhibited in similar expression levels between 
paired HCC tissues, the staining results of p-Akt and 
p-ERK revealed marked differences. In summary, 
collecting HCC tissues properly from patients with 
advanced HCC is imperative for the success of future 
biomarker research. Novel clinical trial designs such 
as allocating patients with distinctive molecular 
derangement into matched targeted therapy might 
justify and facilitate obtaining HCC tissues in patients 
with advanced HCC.

Prognoses of advanced HCC can be extremely 
heterogeneous. Future biomarker research should 

address the etiological factors of HCC, which might 
affect carcinogenetic processes and patient sensitivity 
to various types of drug therapy[75-78]. Several scoring 
systems have sustained their prognosis prediction 
abilities when only patients with advanced HCC were 
enrolled[21,90-92]. When biomarker research is based on 
single-arm studies, an adequate adjustment for these 
prognostic factors must be included in the statistical 
analysis.

The possibility for several biomarkers synergistically 
predictive of sorafenib efficacy should be kept in mind. 
Investigators have found several potential predictive 
biomarkers in separate studies, but a study examining 
all of them together or even attempting to combine 
them is lacking. Future studies should consider add
ressing this issue.

A group effort is essential for success in biomarker 
studies. An adequate patient sampling for sufficient 
statistical power is a basic requirement for a satisfactory 
biomarker study. Currently, several biomarkers with 
potential for predicting sorafenib efficacy exist but are 
pending validation. An international multi-institution 
patient cohort with adequate adjustments for etiological 
factors could assist in validating these biomarkers 
definitely.

CONCLUSION
A considerable, unmet need in clinical practice exists 
for a predictive marker for sorafenib efficacy. Although 
sorafenib was approved as first-line therapy for 
advanced HCC, not all patients benefit from it. The 
largest biomarker study based on SHARP study was 
the most useful research for us in determining such 
biomarkers because it included an adequate number of 
participants and a placebo-controlled group. However, 
the study demonstrated the potential of Ang-2 and 
HGF with only borderline statistical significance. Other 
studies exploring predictive markers for sorafenib 
have been based on small, single-arm studies, and 
their results, though instructive, awaits validation. 
For example, serum IGF-1 levels and the gene 
amplification of FGF3/FGF4 and VEGFA showed 
promise. However, validation studies are required to 
confirm these findings. A group effort that considers 
the various prognostic factors and proper collection of 
tumor tissues before treatment is imperative for the 
success of future biomarker research.
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