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Abstract:
Hepatocellular carcinoma (HCC) is the most frequent form of primary liver tumor. HCC is characterized by its
occurrence in a context of chronic liver disease. The burden of HCC is expected to increase in the coming decade,
principally because of its rising incidence. Although radical treatments are available when a unique tumor of small size
is found, HCC is more often diagnosed at an advanced stage. Classical schemes for the treatment of advanced HCC have
been recently challenged with the introduction of sorafenib (Nexavar®), a new reference treatment for advanced HCC.
The report of the SHARP clinical trial, showing for the first time the efficacy of sorafenib in advanced HCC, became
one of the most cited reports in the cancer literature (Highly cited cancer papers, 2008-2010, Nature Medicine 2011: 17:
280). Sorafenib is an inhibitor of oncogenic kinases that has recently been approved as the reference treatment for
advanced HCC. Sorafenib affords a modest gain in survival by delaying the progression of HCC. In the absence of
validated biomarkers that would predict its efficacy, several questions pertaining to its indications and the follow-up of
this treatment remain unanswered. Here, we review the essential facts about sorafenib and its use in HCC. We also put
emphasis on the actual research perspectives that could improve HCC treatment based on sorafenib.
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Sorafenib as a Blocker of Oncogenic Kinases
Sorafenib was originally identified in a search for inhibitors directed against the RAF kinases. The three Ser/Thr kinases
of the RAF family (A-RAF, B-RAF, and C-RAF/RAF-1) are essential components of the ubiquitous signalling cascade
RAS-RAF-MEK-ERK. This cascade plays a fundamental role as a relay for the transmission of trophic signals from
receptors present at the cell surface. 1 Two members of this family in particular, B-RAF and C-RAF, are among the
most-studied and best-described. Although C-RAF (formerly Raf-1) has attracted most attention for historical reasons,
B-RAF recently gained some importance after it was found that a single activating mutation, B-RAF V600E, is detected
in melanoma, and to a lower extent, in colorectal tumors. 1 The oncogenic potential of the RAF cascade has been
established in various transgenic animal models, in which tumors appear following the introduction of a transgene
encoding an activated version of RAS or RAF. 1
Following the evidence demonstrating a crucial role of RAF kinases in the oncogenic transformation, sorafenib was
quickly tested in vitro and found to decrease phosphorylated ERK levels in various tumor cell lines. 2 Crystal structure of
the catalytic domain of B-RAF in complex with sorafenib shows that sorafenib is a so-called type 2 blocker of these
kinases, that binds a region close to the one occupied by ATP rather than the ATP-binding pocket. Sorafenib binds RAF
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kinases in their inactive conformation and prevents their activation in vitro. 3 In living cells however, sorafenib is a weak
blocker of RAF kinases, or even a paradoxical activator of the RAF kinases in a context where they are pre-activated, for
example by an activated RAS GTPases. 4 In HCC tumors, such an activation of the C-RAF kinase was noticed in a
model of human tumor xenografts, leading the authors to postulate that most of the efficacy of sorafenib in HCC might
stem from the inhibition of kinases other than RAF. 5 While sorafenib inhibits the receptor tyrosine kinases for the
vascular endothelial growth factor (VEGF), platelet-derived growth factor β (PDGF-β), FMS-like tyrosine kinase 3 (Flt3), or c-kit, 2 it is not yet clear if the blockade of these receptors plays any role in the therapeutic efficacy of sorafenib.
Consequently, the use of sorafenib in HCC offers a paradoxical situation of a so-called targeted therapy whose target(s)
remain(s) to be identified.
Clinical Use of Sorafenib in HCC
The efficacy of sorafenib in HCC was first evidenced in the SHARP large phase 3 randomized clinical trial, with
patients mainly recruited from North America and Europe, 6 and latter confirmed independently in the Asia-Pacific
study. 7 In both studies, sorafenib was found to extend the survival of patients with advanced HCC, although the
spectrum of etiologic factors was different, with a high prevalence of hepatitis B virus (HBV) in the Asian population
compared to more frequent HCV infection and alcohol intoxication in Europe and North America.6,7 The results of the
SHARP study established a landmark in HCC, because sorafenib became at that time the first systemic treatment with a
proven efficacy in advanced HCC. HCC is a tumor that possesses the particularity of occurring almost systematically in
patients with chronic liver disease (most often because of chronic alcohol intake, viral hepatitis or metabolic alterations).
Initial doubts about the safety of sorafenib led to a restriction of its prescription only to patients with preserved hepatic
function (in the SHARP and Asia Pacific studies, sorafenib was essentially prescribed to patients with Child-Pugh A
status). Sorafenib was found to be overall safe, at least at doses of 400 mg twice daily or less. The most common adverse
effects include fatigue, diarrhea, rash, and hand–foot skin reaction. 8 These side effects do not usually interfere with the
prescription of sorafenib in HCC. On the basis of this safe profile, an extension of its prescription to patients with a more
advanced deterioration of liver function has recently been advocated, although caution must be exerted. Sorafenib
pharmacokinetics is not altered in patients with moderate hepatic insufficiency (Child-Pugh B status), but these patients
are at higher risk of hepatic decompensation and general complications. 9, 10 For these patients, a protocol of dose
escalation might be adequate to prevent potential complications. 10
While the introduction of sorafenib was a breakthrough in the treatment HCC, its overall efficacy remains modest, with
a gain of survival of only a few months. Furthermore, sorafenib essentially extends the survival of patients with HCC
through its ability to slow tumor progression. 6 Sorafenib induces few objective responses, a situation that renders the
individual evaluation and the follow-up of the treatment complex. Standard guidelines for the assessment of response of
tumors to cytotoxic chemotherapy, such as the RECIST (Response Evaluation Criteria in Solid Tumors) tool, 11 are
increasingly perceived as inadequate to assess the activity of sorafenib and other targeted therapies. For example,
sorafenib eventually induces necrosis of some HCC, so the ratio of the area of necrosis over the tumor area might be
more accurate than the simple measurement of tumor dimensions in order to determine the tumor response to treatment. 9,
12
New parameters that would improve the follow up of patients receiving sorafenib are therefore eagerly awaited.
Advanced imaging techniques will certainly be a helpful adjunct to the actual assessment schemes, because they permit
an evaluation of changes in tumor density and vascularization, as well as the necrotic areas. 13, 14 Identification of the
parameters that predict the efficacy of sorafenib is also a key objective for future research, as it is expected to help
physicians to guide the prescription of sorafenib in HCC. High levels of activation of the RAF kinase pathway,
measured through the phosphorylation of the downstream effector kinase ERK, are associated with a longer time to
progression suggesting that HCC with high phosphorylation levels of ERK could be more sensitive to sorafenib.9
Interesting as it is, the use of this marker remains to be validated. Also, this type of analysis is performed by
immunohistochemistry, and its application poses a problem of standardization. Any genotypic analysis that would
predict the efficacy of sorafenib would be of great value to physicians in charge of HCC patients.
Another important question awaiting answers relates to the existence of the interaction(s) that might exist between
sorafenib and other treatments for HCC, and in particular with treatments based on chemotherapeutic agents. Although
systemic administration of these agents has been abandoned and is widely considered inefficient in HCC,
chemotherapeutic drugs remain in use as active components of loco-regional treatment, particularly in association with
tumor embolization.15 Transarterial chemoembolization (TACE) is used for locally advanced, unresectable HCC. This
procedure extends the survival of patients with HCC compared to symptomatic treatments, but its potentially deleterious
action on liver function implies the need to carefully select recipients. 16, 17 It is not yet clear if the patients that receive
TACE could benefit from the prescription of sorafenib. 18 A recent phase 3 clinical trial of sorafenib given to patients
presenting with a response to TACE failed to show a clinical benefit of sorafenib. 19 However, this failure might have
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resulted from an inadequate protocol, as it is currently unclear what could be the optimal scheme, either a combination
or sequential treatment. The recent study of Pawlik，et al., suggesting that TACE and sorafenib can safely be coadministered, will certainly prompt further clinical studies to determine if sorafenib and TACE can offer interesting
synergies in the clinical setting. 20
Improving Efficacy of Sorafenib in HCC?
Several authors have proposed possible strategies for the optimization of the effect of this treatment in HCC. While a
comprehensive overview of these strategies is beyond the scope of our review, we would like to present two possible
approaches to enforce the efficacy of sorafenib in HCC: i) optimizing the control of the kinome of the cancer cell via the
association with other targeted therapies; ii) sensitizing HCC cells to sorafenib-induced apoptosis.
Optimizing the control of the kinome of HCC cells
Although relatively little is known about the kinome of HCC cells as opposed to normal hepatocytes, the efficacy of
sorafenib as well as the many other targeted therapies currently in use or in development in other tumors provides a solid
proof of concept for the utility of the control of the kinome in HCC. A major goal of the medical treatment of tumors is
to identify the kinases to which cancer cells might be “addicted”. 21 Most studies to date have envisioned only the role of
the main canonical kinase pathways that are altered in HCC progression, such as the RAF-MEK-ERK and the PI3KPKB-mTOR pathways. 22 An efficient control of HCC cells might require the inhibition of these signaling cascades, but
it is still unclear which option should be privileged: either a tight control of either one of these pathways, or a combined
inhibition of both. In favour of the second possibility, a recent study examining secondary resistance to sorafenib in one
HCC cell line found that an activated PI3K pathway renders these cells less sensitive to sorafenib, suggesting that these
kinase cascades might to some extent stand in for the other. 23 Accordingly, it has also been reported that the efficacy of
sorafenib might be increased by combining it with an inhibitor of the oncogenic kinase mTOR. 24 In support of the
alternative strategy, Huyn, et al. reported a successful pre-clinical study combining sorafenib with another inhibitor of
the RAF-MEK-ERK pathway, the MEK inhibitor AZD6244. 5 The search for synergies between sorafenib and other
targeted therapies is likely to become an intense research area. According to a recent review, there are currently more
than 60 targeted therapies derived from the recent knowledge on cancer cell signalling. 25
Sensitizing HCC cells to sorafenib-induced apoptosis
In multiple experimental systems consisting of cell cultures as well as animal models of HCC, sorafenib was found to
not only block HCC cell proliferation and tumor angiogenesis, but also to promote tumor cell apoptosis. 26 Tumor cell
death is usually considered to be a desirable end-point for medical treatment of tumors, considering that it is an
important parameter for tumor regression. How precisely sorafenib sensitizes HCC cells to apoptosis has been the focus
of different studies. In addition to the direct blocking effect of pro-kinases such as the RAF kinases, sorafenib probably
interferes with several aspects of HCC cell physiology. For example, it has been shown that sorafenib can induce both
apoptosis and autophagy in human HCC cells through a mechanism involving endoplasmic reticulum stress.27
Irrespective of the mechanisms involved, apoptosis has been principally studied from the perspective of the regulation of
BCL2 proteins, given the importance of these regulators in the mitochondrial phase of apoptosis. 28 In HCC as well as in
a variety of other cancer cells, sorafenib has been reported to shift the balance between pro- and anti-apoptotic proteins
of the BCL2 family. Sorafenib reduces the expression of the anti-apoptotic protein MCL1. 26 Sorafenib also functionally
inactivates the other major anti-apoptotic proteins of this family, such as BCL2 and BCL-XL, although the mechanisms
are indirect. It was for example reported that sorafenib prevents the inactivating phosphorylations that reduce the activity
of the pro-apoptotic sensitizer protein BAD. 29 More recently, sorafenib was also reported to induce the expression of
some of the pro-apoptotic BH3-only proteins of the BCL2 family, such as PUMA or BIM. 30 Altogether, sorafenib
promotes the activity of pro-apoptotic proteins of the BCL2 family, and thereby sensitizes HCC cells toward apoptosis.
The identification of BCL2 proteins as important protagonists in sorafenib-induced apoptosis offers important
perspectives in terms of therapeutics. Indeed, new targeted therapies exploiting this control with the aim of directly
manipulating the susceptibility of cancer cells to apoptosis have recently been introduced. 31 The compound ABT-737,
recently developed as an inhibitor of the anti-apoptotic proteins BCL2 and BCL-XL by the laboratory Abbott, was found
to greatly sensitize HCC cells to sorafenib-induced apoptosis. 29,32
Open Questions and Future Issues
The introduction of sorafenib for the treatment of HCC has marked the entering of liver oncology into the era of targeted
therapies. As previously mentioned, sorafenib offers a paradoxical situation because it is one of the earliest targeted
therapies developed to counteract oncogenic kinases, and one for which the precise biologically relevant target(s) are not
completely identified. Nevertheless, the demonstration that sorafenib was able to extend the survival of patients with
HCC has significantly fostered research, and progress in the field is expected in the coming years. It is difficult to
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predict exactly what important advances will be made. However, as our knowledge on liver carcinogenesis keeps
increasing, it might soon become possible to derive predictive biomarkers for the efficacy of sorafenib, as well as new
treatments. Oncologists and hepatologists interested in HCC will certainly await these fundamental developments,
considering their importance for the development of further HCC treatments, and in particular the emergence of
personalized treatments based on the rational analysis of individual tumors.
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