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ABSTRACT 

Hepatocellular carcinoma (HCC) is the fifth most commonly prevalent tumor worldwide and continues to have a dismal prognosis with an expected 
survival of 4-6 months. Effective systemic treatment options for advanced HCC are limited and its management is still a challenge to the physicians 
since these patients are not the potential candidates for surgical or ablative therapy. Sorafenib, an oral multikinase inhibitor, previously tested and 
found effective against other solid tumors, has been proven to be the first targeted therapeutic option to demonstrate a survival benefit for the 
treatment of advanced HCC via favorable effects on both proliferation and angiogenesis. However, additional controlled studies are awaited on the 
role of this agent in patients with advanced liver disease and as an adjunctive therapy in combination with other modalities, targeted at the multiple 
carcinogenic pathways involved. This contribution provides a comprehensive review of sorafenib, as a valuable option to significantly extend 
survival for patients with advanced HCC, with the results obtained from large-scale, randomized trials as its vivid backdrop. 
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INTRODUCTION 

Hepatocellular carcinoma (HCC), considered as one of the most 
common malignant tumors worldwide, represents an estimated 500 
000 to 1 million new cases per year.1 Considered as a common 
complication of chronic liver diseases, HCC has an age-adjusted 
annual incidence between 5.5 and 14.9 people per 100,000 
population, resulting in approximately 600,000 to 1,000,000 deaths 
annually.2-5 Having a dismal prognosis with a 5-year survival of 1–
4%, HCC represents the third leading cause of cancer death 
worldwide with an approximate 77% of deaths occurring in the 
developing countries.

Most Asian countries are in intermediate (between 5 and 15 per 100 
000 population per annum), or high (>15 per 100 000 population 
per annum) incidence zones of HCC.

6,7 

8 In line with this, the prevalence 
of HCC in India varies from 0.2% to 1.6%, with the mean incidence in 
four population-based registries being 2.77% and 1.38% for males 
and females respectively.

Furthermore, the predominant etiological factor associated with 
HCC in India is the hepatitis B virus (HBV) infection.

9,10 

11–15

In view of the lethality, invasiveness of the cancer and the 
compromised hepatic function from the underlying liver disease, 
HCC has long been perceived as a particularly challenging disease to 
treat. The inelasticity of the cirrhotic liver and the failure of tumor 
death to lead to lesion shrinkage, even in presence of substantial 
tumor necrosis have made the response rate and the conventional 
go/no-go decision maker from phase II trials an unreliable surrogate 
for HCC. The challenge of intrinsic resistance to chemotherapy drugs 
in HCC can be attributed to an increased expression of multidrug 
resistance transporters and active intracellular metabolism.

 In the west, 
majority of HCC diagnosis is incidental during routine evaluation. 
However, in India, most of the patients in clinical practice present at 
an advanced stage, thereby ruling out curative treatment in most 
cases.  

16-18

However, despite an urgent need for new therapies for this 
aggressive disease, no systemic treatment has so far been 
demonstrated to confer a survival advantage or improved quality of 

life for patients with HCC in a randomized clinical trial, until the 
advent of sorafenib

 The 
appropriate dosing of medications in HCC patients compared to 
phase I studies in patients with normal organ function is interrupted 
by an impaired liver function which subsequently complicates the 
interpretation of toxicities. The existing  treatment  modalities,  
including  hepatic resection,  ablative  therapy   (radiofrequency  
ablation  and percutaneous  ethanol  injection)  and  orthotropic  
liver transplantation, although, are able to manage  early HCCs with 
single lesion <5 cm or multiple HCCs that are less than three in 
number and <3 cm each,  it is typically only the far advanced HCC 
patients with vascular invasion and multiple intra-hepatic 
metastases who are referred for systemic therapy.  

® (Nexavar, Bayer HealthCare Pharmaceuticals-
Onyx Pharmaceuticals), an oral multikinase inhibitor, that was 
recently granted fast-track status in the setting of HCC.19,20 The 
current review focuses exclusively on the major pharmacological 
features of sorafenib and its role in the management of advanced 
HCC, with special reference to the results obtained from the 
Sorafenib Hepatocellular Carcinoma Assessment Randomized 
Protocol (SHARP), a study comparing sorafenib with placebo in 
patients with HCC, thereby indicating it to be the first agent to 
demonstrate a survival benefit in this setting.21

About Sorafenib 

  

Sorafenib, belonging to the bi-aryl urea class with a molecular 
weight of 637 g/mol, is a small orally available multikinase inhibitor 
that targets the serine-threonine kinase Raf-1 and possesses anti-
angiogenic activity.

Sorafenib is given at a dose of 400 mg twice daily with a mean 
bioavailability of 38−49% and a mean half life of 25−48 h. It 
undergoes hepatic metabolism by two pathways: oxidative 
metabolism mediated by cytochrome p450 (CYP3A4) and 
glucourinidation mediated by UGT1A9.  Steady− state plasma 
concentration is achieved within 7 days.  No impact of renal function 
was observed on sorafenib steady state level in patients with 
creatinine clearance ≥30 ml/m in; however, there is paucity of data 
for patients with creatinine clearance < 30 ml/min or for those on 
dialysis. Moreover, there is no alteration in the sorafenib 
metabolism in patients with chronic liver disease (CLD) Child−Pugh 
(CP) classes A (well-compensated disease) and B (significant 
functional compromise), while no data is available for CP class C 
(decompensated disease) patients. Dose adjustment for sorafenib is 
not required for age, gender, body weight, and in patients with mild 
to moderate renal or hepatic impairment.

22-24 

Mechanism of Action 

25,26 

Angiogenesis as well as signaling through the RAF/mitogen 
activated protein (MAP)/extracellular signal-regulated kinase (ERK) 
kinase (MEK)/ERK (RAF/MEK/ERK) cascade play critical roles in 
the development of HCC. Hence, anti-angiogenesis therapies, capable 
of inhibiting blood vessel formation, may hold promise in the 
treatment of HCC, in view of the fact that a rich blood supply 
facilitates HCC tumor development.27 Human HCC tumors, in 
addition to being highly angiogenic, have high expression and 
enhanced activity of MAP kinase (MAPK) as compared to the 
adjacent non-neoplastic liver.28 Therefore, inhibition of both 
angiogenesis and RAF/MEK/ERK signaling may represent an 
attractive and viable approach for the treatment of HCC.  
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Sorafenib is a small molecule that blocks both tumor-cell 
proliferation and tumor angiogenesis by virtue of the inhibition of 
serine/threonine kinases (c-RAF, and mutant and wild-type BRAF) 
as well as the receptor tyrosine kinases vascular endothelial growth 
factor receptor 2 (VEGFR2), VEGFR3, platelet-derived growth factor 
receptor (PDGFR), FLT3, Ret, and c-KIT.29,30 Published reports have 
further indicated that sorafenib inhibits the translation and down-
regulation of myeloid cell leukemia-1 (Mcl-1), a Bcl-2 family 
member, thereby inducing apoptosis in human leukemia cells and 
other human tumor cell lines.

Clinical Uses 

31,32 

Sorafenib was approved by the US-FDA in December 2006 for the 
treatment of advanced renal cell carcinoma (RCC) after 
demonstrating a two−fold increase in progression-free survival in 
903 patients in a placebo-controlled trial.  Stable disease was 
observed in 78% and 55% of patients on sorafenib and placebo 
respectively, while tumor  shrinkage  was observed  in  74%  of  
patients  treated  with  sorafenib  as compared to 20% of patients 
who received placebo.

In  a phase  II  trial, sorafenib  also demonstrated a modest  anti-
cancer  activity  comparable  to monotherapy  with  other  targeted  
agents  in  patients  with recurrent or metastatic squamous cell 
carcinoma of the head and neck or nasopharyngeal carcinoma.

33 

34 
Sorafenib in combination with gefitinib is also well tolerated, with 
promising efficacy in patients with advanced non−s mall cell lung 
cancer.35 Furthermore, published literature reports have indicated 
the benefits of sorafenib in malignant melanoma, metastatic breast, 
prostate and pancreatic cancers and many trials are focused 
towards evaluating its efficacy in these conditions.

Early Evidences in HCC 

36-38 

In preclinical experiments using a mouse xenograft model of HCC, 
sorafenib exhibited anti-proliferative activity in liver-cancer cell 
lines, and it reduced tumor angiogenesis and tumor-cell signaling 
and increased tumor-cell apoptosis.

In a phase I setting, sorafenib demonstrated an acceptable safety 
profile as well as a partial response in a HCC patient.

39 

The phase II trial of 400 mg oral sorafenib twice-daily in 137 previ-
ously untreated patients with inoperable HCC (72% with Child-Pugh 
A disease, 28% with Child-Pugh B disease), resulted in partial 
response in 2.2% of patients, minor response in 5.8%, and stable 
disease for ≥ 16 weeks in 33.6%.

40 

41 Median time to disease 
progression was 4.2 months, and median overall survival (OS) was 
9.2 months, which was comparable to those of the best published 
combinations of systemic chemotherapy in advanced HCC.41-43

In patients with advanced HCC and Child-Pugh A, another phase II, 
randomized, double-blind study suggested improved outcomes in 
terms of prolonged overall survival (OS) and time to progression 
(TTP) with the addition of sorafenib to doxorubicin.

 Grade 
3/4 drug-related toxicities included fatigue in 9.5%, diarrhea in 
8.0%, and hand–foot skin reaction in 5.1% patients. Toxicity levels 
were also minimal in the way of conventional Response Evaluation 
Criteria in Solid Tumors (RECIST) responses. There were no 
significant pharmacokinetic differences between patients with 
Child-Pugh class A and B. 

Sorafenib Vs Placebo 

44 

The phase II trials of sorafenib were followed by the international, 
multicenter, randomized, double-blind, placebo-controlled, phase III 
Sorafenib Hepatocellular Carcinoma Assessment Randomized 
Protocol (SHARP) trial, that enrolled 602 patients with advanced 
HCC and preserved liver function.

The population comprised approximately 30% of patients with 
hepatitis C virus (HCV) infection, 20% with hepatitis B virus (HBV) 
infection, and 25% with alcoholic liver disease. Nearly all patients 
had Child-Pugh class A (CPA) cirrhosis, with Eastern Cooperative 
Oncology Group performance status score of 0 or 1. Patients were 
randomly assigned to receive sorafenib at a starting dose of 400 mg 
twice daily (n = 299) versus placebo (n = 303). The primary end 

points were OS and TTP, and the patients could remain on treatment 
until they experienced disease progression both radiographically 
and symptomatically. 

21  

At the second planned interim analysis performed after 321 deaths 
(143 in the sorafenib group, 178 in the placebo group), overall 
median survival was significantly longer in the sorafenib group than 
in the placebo group (10.7 months vs. 7.9 months; hazard ratio in 
the sorafenib group, 0.69; 95% confidence interval [CI], 0.55 to 0.87; 
P<0.001). There was no significant difference between the two 
groups in the median time to symptomatic progression (4.1 and 4.9 
months, respectively; hazard ratio, 1.08; 95% CI, 0.88 to 1.31; P = 
0.77). With regard to the secondary endpoints, time to disease 
progression was significantly improved with sorafenib versus place-
bo (5.5 vs. 2.8 months; hazard ratio, 0.58; 95% CI, 0.45 to 0.74; 
P<0.001); rates of disease control (defined as a complete or partial 
response or stable disease for 2 or more cycles) were significantly 
higher in the sorafenib group as compared to the placebo (43% v 
32%; P=0.002). 

Sorafenib showed a favorable safety profile and was well tolerated. 
The frequency of serious adverse events was 52% in the sorafenib 
group versus 54% in the placebo group; the most frequent grade 
3/4 drug related adverse events were diarrhea (11% v 2%), fatigue 
(10% v 15%), hand-foot skin reactions (8% v 1%), and bleeding (6% 
v 9%). 

Sharp Trial: A Critical Assessment 

Although the SHARP study represents a clear paradigm shift in the 
role of chemotherapy for HCC, there are several key differences 
between the patients involved in the SHARP trial and those with 
advanced HCC in real clinical practice. While HCV and HBV were the 
causes of liver disease in approximately 30% and 20% of patients 
respectively in the SHARP study, more than 70% of the patients with 
HCC in the United States and western Europe test positive for HCV 
and 60% to 80% of HCC cases worldwide are positive for HBV 
infection.

In the light of this dominance of HBV as the cause of HCC globally, 
the relative scarcity of such patients in the SHARP trial makes a 
subset analysis less statistically informative since it does not allow 
an assessment of the efficacy of sorafenib in HBV. Furthermore, 
contrasting results were observed in the Asian phase III, 
randomized, double-blind, placebo-controlled trial of sorafenib 
versus placebo in patients with advanced (unresectable or 
metastatic) HCC, wherein, more than 70% of the 226 patients were 
positive for HBV.

45,46 

47

Moreover, 97% of the SHARP patient population classified as CPA 
diverges from the majority of patients with HCC by the limited 
extent of underlying liver dysfunction and such a study design 
potentiated the clinical benefit by minimizing the confounding 
variable of death from progressive liver disease.

 Median overall survival was 6·5 months (95% CI 
5·56—7·56) in patients treated with sorafenib, compared to 4·2 
months (3·75—5·46) in those who received placebo (hazard ratio 
0·68 [95% CI 0·50—0·93]; p=0·014). The benefit, although is of the 
same relative magnitude as that observed with sorafenib in the 
SHARP trial, the patients in both the arms fare appreciably worse 
than those of SHARP. However, the underlying factors accounting for 
the differential outcomes between the Asian and the Westernized 
SHARP population is still unclear. 

21 Therefore, the 
study does not ascertain the safety or efficacy of sorafenib in 
patients with greater degrees of liver compromise. Contrasting 
results were however observed in the phase II study by Abou-Alfa et 
al (2006), where 28% of the patients were with CPB, and in spite of 
the similar pharmacokinetic profiles between the groups, OS was 14 
weeks in the CPB patients compared to 41 weeks in the CPA 
patients.41,48 Additional concerns for hepatic decompensation were 
observed in the study with sorafenib in regards to 
hyperbilirubinemia, encephalopathy and ascites in the CPB 
subgroup. Another study of sorafenib in 58 poor-risk patients, 
including 26% with CPB or worse liver function and 50% with portal 
vein thrombosis indicated an overall response rate of 20% with 34% 
of the patients experiencing grade 3 or 4 toxicity.49 Such studies 
implicate the potential for significant toxicity and less clinical benefit 
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associated with sorafenib in patients with compromised hepatic 
function. 

However, based on the findings obtained from the SHARP trial, 
sorafenib was approved by the US Food and Drug Administration 
(FDA) in November 2007 as the new reference standard of care for 
the first−line treatment of patients with advanced HCC. On the 
contrary, the more stringent practice guidelines by the National 
Comprehensive Cancer Network for patients with advanced HCC 
considers the sorafenib data as inadequate to define the dosing or 
safety in patients with CPB or worse liver function and emphasizes 
extreme caution in patients with elevated bilirubin levels.  

CONCLUSION 

Although the SHARP results can only be implemented to a minority 
of patients with advanced HCC at this point, sorafenib definitely 
offers real hope of efficacious treatment for patients with advanced 
HCC and preserved liver function, considering the current lack of 
effective therapies capable of significantly improving survival in 
liver cancer, and the well understood nature of safety profile of this 
agent. However, more extensive data from prospective clinical trials 
evaluating the safety and efficacy of sorafenib in patients with 
compromised liver function would be ideally warranted. Recent data 
from the ongoing Global Investigation of Therapeutic Decisions in 
Hepatocellular Carcinoma and of its Treatment with Sorafenib 
(GIDEON) registry, an international non-interventional study 
involved in the collection of safety and clinical data concerning the 
treatment of patients suffering from Hepatocellular Carcinoma 
(HCC) may provide a clearer profile of risk and benefit in patients 
treated with sorafenib outside the clinical trial scenario. 

The potential of sorafenib in advanced disease can also be 
extrapolated to studies in patients who will have or have already 
undergone resection, ablation, chemoembolization, or liver 
transplantation, wherein, sorafenib mediated neoadjuvant 
treatment could improve resection outcomes and increase surgical 
candidacy. Sorafenib additionally offers the possibility of bridging 
therapy for patients with HCC awaiting transplantation. 

The success of sorafenib will definitely encourage the clinicians to 
proceed with other targeted therapies and their combinations in 
HCC, as well as to investigate the potential role of biomarkers 
predictive of tumor response, such as those of anti-angiogenic effect 
and tyrosine kinase inhibition.

In conclusion, sorafenib, by virtue of demonstrating a survival 
benefit via favorable effects on both proliferation and angiogenesis, 
definitely harbors the potential to make a significant contribution in 
the management of patients with advanced, inoperable HCC. 
However, additional studies are awaited to better define which 
subsets of patients will exactly benefit from sorafenib therapy and 
the meticulous role of this agent as an adjunctive therapy in 
combination with other treatment modalities.  

49,50 

Thus, even in the midst of some considerable hype, sorafenib has 
ushered in an era of hope for patients with unresectable HCC and the 
flurry of activities surrounding the molecule is currently in an 
exciting stage of development. 
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