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Abstract

The approval of a multitargeted receptor tyrosine kinase inhibitor, sorafenib, with activity against 

vascular endothelial growth factor receptor-2 and -3, Raf-1 and B-Raf, platelet-derived growth 

factor receptor-α and -β, and other kinases, has ushered in the era of molecular targeted agents in 

advanced hepatocellular carcinoma (HCC). Sunitinib malate is an oral, multitargeted inhibitor of 

vascular endothelial growth factor receptor-1, -2, and -3, platelet-derived growth factor receptor-α 

and -β, and other kinases implicated in tumor growth, angiogenesis, and metastasis. Sunitinib has 

been approved in metastatic renal cell carcinoma and gastrointestinal stromal tumor and is 

undergoing active clinical development in HCC. Early evidence of antitumor activity and a 

promising safety profile for this agent have emerged from single arm phase II trials in United 

States, European, and Asian patients with advanced HCC. Correlative studies of imaging and 

circulating biomarkers have provided insights into the potential mechanism of action of sunitinib. 

Additional phase II studies using either single agent or in combination with chemotherapeutic 

agents are ongoing, and a phase III trial comparing sunitinib and sorafenib in advanced HCC is 

actively accruing patients. Here, we review the current progress and future directions for the 

development of sunitinib in advanced HCC.
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Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and is 

responsible for approximately 600,000 deaths per year.1 Despite many available treatment 

options for patients with early stage HCC, the mortality rate remains very high making HCC 

the third leading cause of cancer-related death worldwide.1 This high mortality rate reflects 

the poor prognosis for patients with advanced stage HCC, the pattern of presentation, and 

the poor outcomes associated with cirrhosis. Most patients present with advanced disease, 
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only 30% of patients present with resectable disease, and up to 80% have underlying 

cirrhosis.2

Although many investigators have explored the use of systemic agents, including hormonal 

and chemotherapy in HCC, none of them has demonstrated improved overall survival (OS).3 

The first and only approved drug that has shown to date improvement in survival in a phase 

III trial in patients with advanced HCC is sorafenib (Nexavar; Bayer HealthCare 

Pharmaceuticals, West Haven, CT, and Onyx Pharmaceuticals, Emeryville, CA). Sorafenib 

is a small molecule that inhibits tumor-cell proliferation and tumor angiogenesis by targeting 

the serine-threonine kinases, Raf-1 and B-Raf, and the receptor tyrosine kinases (RTK) of 

vascular endothelial growth factor receptor (VEGFR)-1, VEGFR-2, and VEGFR-3, and 

platelet-derived growth factor receptor (PDGFR)-α and -β. Based on the strong rationale of 

mechanism of action, promising preclinical data against HCC, and early evidence of 

antitumor activity from the phase II study,4 the international, phase III, placebo-controlled 

Sorafenib HCC Assessment Randomized Protocol (SHARP) trial was subsequently 

conducted and demonstrated a longer OS time and time-to-tumor progression (TTP) 

compared with placebo.5 The median OS time was 10.7 months in the sorafenib group and 

7.9 months in the placebo group (hazard ratio for the sorafenib group, 0.69; P < 0.001). The 

median TTP was 5.5 months in the sorafenib group and 2.8 months in the placebo group (P 

< 0.001). In another randomized phase III study conducted in Asia, sorafenib also 

demonstrated a longer OS in patients with advanced HCC.6 The OS was 6.5 months in the 

sorafenib group versus 4.2 months in the placebo group (hazard ratio for the sorafenib 

group, 0.68; P = 0.014). Based on these studies, sorafenib has become the standard of care 

for the patients with advanced HCC and the new standard for ongoing and future clinical 

trials.

The development of sorafenib in HCC has several important implications. First, it validates 

the use of molecularly targeted agents in HCC. Second, it sets a standard for future clinical 

trials in advanced disease. Third, it generates new promise that understanding the 

mechanism of action of this targeted agent could help develop the predictive biomarkers to 

identify patients more likely to respond and for assessing efficacy and toxicity for individual 

patients. Finally, it justifies the development of other agents with overlapping target 

inhibition, such as sunitinib, in advanced HCC.

RATIONALE FOR DEVELOPING SUNITINIB IN HCC

New vessel formation or angiogenesis is a hallmark of cancer.7 Tumor angiogenesis is a 

complex and a dynamic process involving factors essential for the development of new 

tumor blood vessels, tumor growth, and metastasis. HCCs express elevated levels of VEGF 

and VEGF receptors and have a high microvascular density.8–14 Several studies have 

correlated elevated VEGF with the biology of HCC and clinical outcomes in HCC. Elevated 

levels of VEGF have been correlated with more invasive disease, shorter survival, and worse 

outcomes after surgery and local therapy.15–19 Recently, molecular studies of clinical tissue 

have identified high-level genomic gains of the VEGF-A gene and corresponding increased 

gene expression in a subset of liver cancers.20 Taken together, these data suggest a role for 
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dysregulated angiogenesis in HCC and provide the rationale for targeting angiogenesis as a 

potential therapeutic strategy in HCC.

Angiogenesis is also modulated by factors other than VEGF. PDGF pathway is a key 

mediator of angiogenesis recently implicated in the pathogenesis of HCC.7,21 PDGF 

conveys through its receptors (PDGFR-α and -β) survival and migratory signals to pericytes 

that provide support to vascular endothelial cells.22 Inhibiting PDGFRs have been shown to 

cause pericyte detachment from the endothelium, leaving endothelial cells more susceptible 

to VEGF inhibition.22 PDGFR-α is overexpressed in HCC,23 and PDGF overexpression has 

been linked to the increased metastatic potential of HCC.24 We recently reported that 

PDGFR-β, in addition to PDGFR-α, can be ectopically detected on the tumor endothelial 

cells in HCC.25

These insights into the molecular pathogenesis of HCC have led to the development of 

agents that target these important signaling pathways. At this stage, targeting angiogenesis 

through VEGF and its receptors has gained most experience in HCC. As illustrated in Figure 

1, there are several classes of agents targeting this important axis. Each class has unique 

mechanism of action, target inhibition spectrum, and side-effect profile. Bevacizumab is a 

humanized monoclonal antibody against VEGF. Aflibercept/VEGF Trap has been 

developed by incorporating domains of both VEGFR-1 and VEGFR-2 fused to the constant 

region of human immunoglobulin G1, which acts as a soluble decoy receptor for VEGF with 

very high affinity for all isoforms of VEGF-A (<1 pM) and placental growth factor. 

IMC-1121B is a fully humanized monoclonal antibody of the immunoglobulin G, subclass 1 

(IgG1) that specifically binds to the extracellular domain of VEGFR-2 with high affinity. 

This antibody potently blocks the binding of VEGF to VEGFR-2 and downstream signaling 

in the endothelial cells. Many small molecule RTK inhibitors target VEGFRs. Some of these 

are more selective (eg, cediranib), others have broad inhibitory spectra (sorafenib and 

sunitinib).26

Sunitinib is an oral, multitargeted RTK inhibitor with antitumor and antiangiogenic 

properties.27–29 Sunitinib has a partially overlapping but distinct spectrum of target 

inhibition compared with sorafenib (Table 1). Sunitinib inhibits multiple kinases including 

VEGFR-1, -2, and -3, PDGFR-α and -β, stem-cell factor receptor (KIT), FMS-like tyrosine 

kinase 3, colony-stimulating factor receptor type 1, and the glial cell line-derived 

neurotrophic factor receptor (RET). Some of these pathways have been implicated in tumor 

growth, angiogenesis, and metastasis.30–34 Compared with sorafenib, sunitinib has more 

potent anti-VEGFR activities in vitro. Sunitinib is approved for the treatment of advanced 

renal cell carcinoma (RCC) and imatinib-resistant or -intolerant gastrointestinal stromal 

tumor (GIST).35,36 Sunitinib is in clinical development for several solid tumor types, 

including lung, colorectal, and HCC.

In preclinical studies, sunitinib inhibited endothelial cell proliferation and the formation of 

tube-like structures, which are important processes during angiogenesis.37 Furthermore, it 

inhibited VEGF- and PDGF-induced endothelial cell growth.32 These data indicated that 

sunitinib could potentially inhibit tumor angiogenesis. In addition, direct antitumor activity 

was demonstrated by the ability of sunitinib to inhibit the growth of solid tumor cell lines 
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expressing some of its targets. In mouse xenograft models, sunitinib was able to induce 

regression, growth arrest, or considerable growth retardation of established xenografts from 

human tumor cell lines, including colon carcinoma, glioblastoma, lung carcinoma, and 

RCC.38 In vivo antiangiogenic activity of sunitinib in a model of human colon cancer 

(HT-29) was also assessed using dynamic contrast-enhanced magnetic resonance imaging, 

which showed that sunitinib reduced vascular permeability in the tumor rim within 24 hours 

of administration of a single dose.39 This early effect of sunitinib on tumor angiogenesis 

likely reflects potent inhibition of VEGFR activity, and may precede any effect of treatment 

on inhibition of tumor growth. Although there are no published data on the antitumor 

activity in HCC in preclinical models, in vivo antitumor efficacy against HCC xenografts 

has been observed (unpublished data, Pfizer).

Based on the strong rationale of mechanism of action, supporting preclinical data, and 

proven efficacy in metastatic RCC and in GIST, sunitinib is under clinical development in 

HCC.

EARLY CLINICAL EXPERIENCE IN HCC

The current clinical experience is based on 3 single arm open-label phase II studies. Our 

group performed one of these phase II studies of sunitinib in advanced HCC.25 Thirty-four 

patients with histologically confirmed advanced HCC received sunitinib at 37.5 mg/d for 4 

weeks followed by 2 weeks rest/cycle. Of these, 33 patients (97%) had underlying Child-

Pugh A cirrhosis. Thirteen patients (38%) had Cancer of the Liver Italian Program (CLIP) 

score 1, 12 patients (35%) had CLIP score 2, and 9 patients (27%) had CLIP score 3. 

Twenty-nine patients (85%) had Barcelona Clinic Liver Cancer stage C, and 5 patients 

(15%) had Barcelona Clinic Liver Cancer stage B. The majority of patients (n = 28, 82%) 

had no prior systemic treatments. The primary endpoint was progression-free survival (PFS). 

Sunitinib induced a partial response (PR) of 20 months duration in one patient (2.9%; 95% 

confidence interval [CI], 0.2%–14.9%) and achieved stable disease (SD) in 17 patients 

(50%; 95% CI 34.1%–65.9%). Three patients (8.8%) showed a greater than 50% decrease in 

alphafetoprotein (AFP). With a median follow-up of 8.1 months, the PFS of this cohort was 

3.9 months (95% CI 2.6–6.9 months), the TTP was 4.1 months (95% CI 2.8–9.2 months), 

and the median OS was 9.8 months (95% CI 7.4 months–not available).

Preliminary antitumor activity of sunitinib has also been observed in another phase II study 

of European and Asian populations. Patients (N = 37) with unresectable HCC who had not 

received prior systemic treatment received sunitinib, 50 mg/d for 4 weeks followed 2 weeks 

rest per cycle. Sunitinib was associated with a disease control rate of 37.8%, with 13 patients 

experiencing SD for >3 months and 8 patients with SD for >6 months. One patient 

experienced a confirmed PR. Sunitinib was associated with a median TTP of 4.8 months and 

a median OS of 10.1 months. Hoda et al40 presented their early experience of 23 patients 

with unresectable or metastatic HCC who received sunitinib at 37.5 mg daily for 4 weeks on 

and 2 weeks off every cycle. Of the 17 evaluable patients, one had PR and additional 6 

patients had SD. The efficacy data from the phase II trials are summarized in Table 2.
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In these phase II studies, adverse events were reported as generally manageable. Major 

toxicities associated with sunitinib were myelo-suppression, elevation of transaminases, 

fatigue, asthenia, diarrhea, and nausea. The grade 3 to 4 events observed in these 2 studies 

are summarized in Table 3. Of note, only one study has completely published toxicity report, 

and the other 2 are still preliminary.25 In the Asian/European trial, grade 5 adverse events 

possibly attributable to sunitinib occurred in 4 patients: in 3 patients (two of whom were 

Child-Pugh class B) due to bleeding or hepatic encephalopathy during the first cycle; and in 

one patient due to renal failure during the seventh cycle. The last patient had experienced 

arterial hypertension, dyslipidemia, and a renal cyst with an expansive process since the first 

cycle of treatment; sunitinib doses were not reduced during the study period. In our study, 2 

patients died during the first 4 weeks, likely due to rapid disease progression and hepatic 

failure. However, the possibility of any causal relationship with the investigational agent 

could not be ruled out. In the preliminary study reported by Hoda et al, grade 3 to 4 

toxicities included fatigue (3), elevated aspartate aminotransferase or alanine 

aminotransferase (3), anorexia (2), nausea (1), vomiting (1), and diarrhea (1). In the phase II 

sunitinib trials, adverse events were managed by reducing or interrupting sunitinib dosing if 

and when necessary. From these initial experiences, it seems that sunitinib could be given 

safely in the majority of patients with close monitoring. The frequency of severe adverse 

events occurring in these studies suggests a potentially better tolerability of the lower dose 

of 37.5 mg given in a 4 weeks on and 2 weeks off schedule. Whether sunitinib could induce 

life-threatening hepatic toxicity with liver failure, as has been reported previously in ovarian 

cancer,41 should be carefully evaluated in larger HCC populations in the future.

Sunitinib is undergoing further phase II investigation in several other studies in HCC, both 

as a single agent and in combination regimens, ie, in combination with capecitabine (Table 

4). Moreover, based on the initial clinical experience from the 2 phase II studies, a 

multinational, randomized, phase III trial to evaluate the efficacy and the safety of sunitinib 

compared with sorafenib in patients with advanced HCC is ongoing. A total of 1200 patients 

will be enrolled—600 to receive sunitinib at 37.5 mg daily on a continuous dosing schedule 

and 600 to receive sorafenib 400 mg twice daily. The trial will be open to patients with 

histologically confirmed, locally advanced, or metastatic HCC with Eastern Cooperative 

Oncology Group performance status 0 or 1 and Child-Pugh class A. The primary endpoint 

for the trial is OS, and a total of 929 events (deaths) will be required to detect a statistically 

significant difference between treatment arms. If no difference is observed by a 1-sided 

stratified log-rank test, a superiority or noninferiority hybrid test will be performed, as 

described by Freidlin et al.42

CORRELATIVE STUDIES WITH SUNITINIB IN ADVANCED HCC

Despite the demonstration of improved OS by sorafenib in advanced HCC, many questions 

remain unanswered: What are the molecular and clinical predictors of clinical benefits of 

sorafenib? What are the potential mechanisms of action of sorafenib that lead to clinical 

benefits? Is this due to the VEGFR blockage or inhibition of Raf/mitogen-activated protein 

kinase/extracellular signal-regulated protein kinase signaling pathway? Why do certain 

patients develop severe toxicities from sorafenib therapy? Why is the benefit from sorafenib 

seen only in some patients? How do we preselect these patients? What is the escape 
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mechanism(s) that contribute to the resistance to sorafenib? Although we are developing 

other antiangiogenic and targeted agents in HCC, it is imperative that we continue our 

efforts to identify validated surrogate and predictive biomarkers that would be helpful to 

predict clinical efficacy, toxicity, and resistance to antiangiogenic therapy.

In an attempt to evaluate the mechanisms of action and to identify useful biomarkers, 

extensive correlative studies have been performed in the 2 phase II studies of sunitinib. 

Because we detected ectopic PDGFR-β expression in HCC endothelial cells, we 

hypothesized that sunitinib may induce similar antivascular and antipermeability effects in 

HCC as seen with cediranib (another RTK inhibitor with activity against VEGFR and 

PDGFR) in glioblastomas, consistent with vascular normalization.43 By comparing clinical 

outcome with dynamic contrast-enhanced magnetic resonance imaging parameters (eg, 

Ktrans at baseline and day 14 posttreatment) and circulating biomarkers involved in 

angiogenic and inflammatory pathways (at baseline, changes after 2 weeks of treatment, and 

changes at 6 time points during the first 3 cycles of treatment), we attempted to search for 

biomarkers that might be correlated with clinical efficacy.

In patients with valid pre- and posttreatment MRI measurements, we found significant 

decreases in Ktrans and Kep to approximately half of pretreatment values (P < 0.0001; Fig. 

2). Moreover, the extent of decrease in Ktrans in patients who experienced PR or SD (n = 17) 

was significantly greater (2-fold on average) compared with that in patients with PD or who 

died (n = 8) during the first 2 cycles of therapy (ie, by day 84; P < 0.05). Thus, the extent of 

the decrease in Ktrans was greater in patients with delayed progression, suggesting that 

control of vessel leakiness may be a determinant of HCC response to sunitinib.25

Sunitinib treatment induced significant and sustained increases in the plasma VEGF, 

placental growth factor, and stromal-derived factor (SDF)-1α and decreases in the plasma 

soluble VEGFR (sVEGFR)-2 and sVEGFR-3 and circulating progenitor cells (Table 5). In 

addition, sunitinib tended to decrease plasma levels of VEGF-C and soluble c-KIT, but not 

other angiogenic and inflammatory biomarkers: plasma bFGF, sVEGFR-1, tumor necrosis 

factor-α, interleukin (IL)-1β, IL-6 and IL-8, or circulating endothelial cells. Data from the 

other phase II study are consistent with these findings: sunitinib at a higher dose induced 

significant elevations in plasma VEGF, and decreases in plasma sVEGFR-2, sVEGFR-3, 

VEGF-C and soluble c-KIT.44

We also tested if these systemic changes in circulating proangiogenic and proinflammatory 

factors associate with PFS or OS in HCC patients, after stratifying them by their disease 

stage using the CLIP score. We found significantly higher baseline serum levels of AFP and 

plasma levels of the inflammatory cytokines IL-8, IL-6, SDF-1α and tumor necrosis factor-α 

in patients with rapid tumor progression and/or mortality after sunitinib (P < 0.05, Table 6). 

Moreover, patients with decreases in plasma IL-6 and soluble c-KIT after 14 days of 

sunitinib treatment had significantly improved PFS and OS (P < 0.05). In line with this 

finding, greater decreases in soluble c-KIT associated with decreased tumor “density” 

measured on computer tomography scans in the other phase II study.44 Finally, analysis 

performed in a time-dependent proportional hazards model showed that patients with more 

elevated AFP, IL-6, soluble c-KIT, SDF-1α, sVEGFR-1, and circulating progenitor cells at 
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any time point during sunitinib treatment were associated with higher hazard of immediate 

progression or mortality (P < 0.05).25 Collectively, these circulating biomarker data suggest 

a critical role for the balance between angiogenic and inflammatory pathways in HCC 

response and resistance to sunitinib treatment. Successful modulation of these inflammatory 

markers might be critical for achieving treatment response with sunitinib and potentially 

other antiangiogenic agents. The findings of these hypothesis generating studies should be 

validated in large prospective trials. It will be particularly important to explore these 

biomarkers for other anti-VEGF RTK inhibitors, such as sorafenib, to better understand the 

significance of these findings for antiangiogenic therapy and improve the outcome of 

treatment in HCC.

In the European and Asian study, Faivre et al also examined the changes in imaging 

biomarkers after sunitinib treatment and their correlation with clinical outcome.44,46 They 

observed an induction of tumor necrosis measured by computer tomography scan. However, 

how to reliably quantify tumor necrosis and whether tumor necrosis is truly associated with 

improved clinical outcome remain to be defined.

The correlative studies from the above 2 studies are exploratory in nature and warrant 

further characterization and validation in prospective studies. However, they provide critical 

initial insights into the potential mechanism of action of sunitinib and the potential value of 

some of these imaging and circulating markers as predictive or prognostic markers in HCC.

CHALLENGES IN DEVELOPING SUNITINIB IN HCC

Several challenges remain for the ongoing and future development of sunitinib in HCC. 

What is the relative efficacy of sunitinib in comparison with sorafenib, the current standard 

of care? Do the efficacy data from the phase II studies justify the head-to-head comparison 

between these 2 agents in the ongoing phase III study? Will sunitinib have favorable safety 

profiles in a larger population? What is the risk for hepatic toxicity of this agent? What is the 

optimum dose and schedule for sunitinib in HCC? What imaging and circulating biomarkers 

should be chosen for validation in future prospective studies?

The efficacy data from the single arm phase II studies suggest some antitumor activity for 

this agent. Despite the low response rate, the TTP/PFS was around 4 months. However, 

compared with the experience of sunitinib in RCC, the objective response data in HCC 

seemed to be modest at best. In addition, due to the single arm nature of these studies and 

potential patient selection bias and inherent heterogeneity, it is hard to assess the relative 

efficacy in comparison with sorafenib. Ideally, one would like to see a direct comparison of 

these 2 agents in the same patient population in a randomized phase II study, and the results 

can be used to help the design of the phase III study. This will provide stronger rationale if a 

superiority design for OS improvement is realistic. Given the partially nonoverlapping target 

inhibition spectrum, it is reasonable to examine the efficacy of this agent in sorafenib 

refractory or intolerable population. Combining sunitinib with either other targeted agents or 

chemotherapy represent an alternative strategy, but these combinations will need to be 

examined carefully for tolerability and safety in specific phase I studies in HCC.
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Tolerability and toxicity profiles will be the key considerations for developing this agent in 

HCC. Based on the experience to date, the toxicity encountered in HCC population seemed 

to be higher than the prior experience in RCC, GIST, and other solid tumor populations. 

Although 37.5 mg given in a 4 weeks on/2 weeks off schedule seemed to be more favorable 

compared with the standard 50 mg given in a 4 weeks on/two weeks off schedule; currently, 

there are no mature data using the 37.5 mg continuous dosing schedule for HCC population-

the schedule selected for ongoing phase III sunitinib dosing schedule. It would be interesting 

to see the mature safety data of this study across different populations around the world. We 

need more prospective safety data on a larger patient population regarding the rare but 

potentially serious toxicity of sunitinib in HCC.

It would be critical to continue the efforts developing useful imaging and circulating 

biomarkers and validate the predictive value of some of these markers in HCC in ongoing 

and future sunitinib trials. It is conceivable that these efforts will eventually lead to the 

identification of the right patients who will benefit from sunitinib use and those who can be 

spared from serious toxicities.45

CONCLUSIONS

After the approval of sorafenib for advanced HCC, sunitinib represents the next agent, 

among a few, that reaches advanced clinical development in HCC. Single arm phase II 

studies with sunitinib have demonstrated preliminary antitumor activity. The toxicity 

profiles seemed to be manageable in most patients, particularly with the lower intermittent 

dose schedule (37.5 mg 4 weeks on/two weeks off). Despite the lack of head-to-head 

comparison of sunitinib and sorafenib in a randomized phase II study, a randomized phase 

III study comparing these 2 agents in advanced HCC is actively enrolling patients. This 

study will provide important information on the relative efficacy and safety profiles of 

sunitinib in comparison with sorafenib. Preliminary correlative studies have identified 

several promising imaging and circulating biomarker candidates that have shown significant 

associations with clinical outcome. Future efforts to develop and validate biomarkers of 

response and resistance hold promise for the optimization of treatment for individual HCC 

patients.
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FIGURE 1. 
Different agents that target the VEGF pathway and their molecular mechanism of action.
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FIGURE 2. 
Measurement of the effects of sunitinib using dynamic contrast-enhanced magnetic 

resonance imaging.25 A, Suninitib significantly decreased Ktrans (red boxes) and Kep (blue 

boxes) in advanced HCC patients (P < 0.0001, data shown as medians with 95% confidence 

intervals). B, Correlation between the extent of Ktrans decrease at day 14 in HCC patients 

with partial response or stable disease versus patients with progressive disease after sunitinib 

(P < 0.05). Reproduced with permission from Ref. 25.
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TABLE 1

Comparison of Target Kinase Inhibition of Sunitinib and Sorafenib30,32-34,44-46

Kinase Sunitinib IC50 (nM) Sorafenib IC50 (nM)

VEGFR-1
2
*† 26

VEGFR-2
9
* 90

VEGFR-3
17

*†
20

‡

PDGFR-α ND ND

PDGFR-β
8
*

57
‡

Raf-1 ND 6

CSF-1R 50-100 ND

KIT 1-10 68

FLT3 250 58

RET
50

§ 47

MET 4000 >10,000

FGFR-1
830

* 580

CSF-1R indicates colony-stimulating factor receptor type 1; FLT3, FMS-like tyrosine kinase-3; RET, glial-cell line-derived neurotrophic factor 
receptor, rearranged during transfection; MET, hepatocyte growth factor receptor; FGFR, fibroblast growth factor receptor; ND, not determined.

*
K (nM) values reported.

†
Pfizer, unpublished data.

‡
Values indicate IC50 for murine enzyme.

§
Value indicates inhibition of C634W mutant RET.
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TABLE 2

Clinical Efficacy Data From Sunitinib in United States and European/Asian Populations25,40,46

Zhu et al (N = 34) Faivre et al (N = 37) Hoda et al (N = 17)

Objective response rate, n (%) 1 (3) 1 (3) 1 (6)

Disease control rate, n (%)
* 16 (52) 14 (38) 9 (53)

Overall survival (mo) 9.8 10.1 —

Time to progression (mo) 4.1 4.8 —

Progression-free survival (mo) 3.9 — —

*
Partial response or stable disease for >3 mo.
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TABLE 3

Grade 3 to 4 Toxicities From Phase II Sunitinib Studies in HCC25,40,46

Grade 3-4 Toxicity Zhu et al (N = 34) Faivre et al (N = 37) Hoda et al (N = 23)

Leukopenia 6 (18) 4 (11) —

Neutropenia 6 (18) 9 (24)

Lymphopenia 6 (18) — —

AST 6 (18) — 3 (13)

Thrombocytopenia 4 (12) 13 (35)

Fatigue 4 (12) 8 (22) 3 (13)

ALT 3 (9) — 3 (13)

Nausea 2 (6) 2 (5) 1 (4)

Anorexia 2 (6) — 2 (9)

Total bilirubin 2 (6) —

Hand-foot syndrome 2 (6) — —

Hypertension 2 (6) — —

Upper gastrointestianl bleeding 2 (6) 5 (14) —

Anemia 1 (3) 7 (19) —

Hypophosphatemia 1 (3) — —

Vomiting 1 (3) — 1 (4)

Stomatitis 1 (3) — —

Rash 1 (3) — —

Hyponatremia 1 (3) —

Pulmonary embolism 1 (3) —

Ataxia 1 (3) —

Diarrhea — 1 (4)

AST indicates asparatate aminotransferase (SGOT); ALT, alanine aminotransferase (SGPT).
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TABLE 4

Ongoing Studies of Sunitinib in Hepatocellular Carcinoma

Design Country; Clinicaltrials.gov Identifier Sunitinib Dosing Schedule

Phase II with continuous sunitinib treatment in 
patients with unresectable HCC

Switzerland; NCT00514228 Once daily, starting dose 37.5 mg; continuous 
dosing

Phase II open-label study of sunitinib in patients 
with metastatic and/or surgically unresectable HCC

United States; NCT00495625
Once at 37.5 mg daily; schedule 4/2

*

A phase II study of sunitinib and capecitabine for 
the treatment of unresectable or metastatic HCC

United States; NCT00787787 Sunitinib
Capecitabine

A phase II study sunitinib and chemoembolization 
in patients with unresectable HCC

United States; NCT00524316 Cycle 1: sunitinib once daily, days 1-7 
(chemoembolization day 8); subsequent 

cycles: schedule 4/2
*

A multinational, randomized, open-label, phase III 
study of sunitinib malate versus sorafenib in 
patients with advanced HCC

Multinational; NCT00699374 Sunitinib: 37.5 mg daily continuously
Sorafenib: 400 mg twice daily

*
Schedule 4/2 = 4 wk on treatment followed by 2 wk off.
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TABLE 5

Circulating Biomarker Kinetics After Sunitinib Treatment

First Cycle
Later Time Points

Plasma 2wk 4 wk 6wk

VEGF Increased25,44 Increased25,44 NS44 Increased44

PlGF Increased25
Increased25* N/A Increased25

sVEGFR2 Decreased25,44 Decreased44 Decreased44 Decreased25,44

VEGF-C NS25
Decreased25,44* Decreased44 NS25

sVEGFR3 Decreased25,44 Decreased25,44 Decreased44 NS25

sol-c-KIT Decreased25,44 Decreased25,44 Decreased44 Decreased44

SDF-1α Increased25 Increased25 N/A Increased25

CPCs Decreased25 Decreased25 N/A NS25

Blood molecular and cellular biomarkers that change after sunitinib treatment compared with baseline in two translational clinical studies in the 
HCC patients.

PIGF indicates placental growth factor; CPC, circulating progenitor cell.

*
Nonsignificant trend for change (P = 0.05-0.1).
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TABLE 6

Correlations Between Circulating Biomarkers and Outcome in HCC Patients After Sunitinib

Biomarker Pretreatment Measurement Early Change (d 14) Time-Dependent Change

AFP Correlated25 N/A Correlated25

VEGF Correlated25 NS25 NS25

IL-6 Correlated25 Correlated25 Correlated25

VEGF-C Correlated44

Soluble c-KIT NS25 Correlated25 Correlated25

IL-8 Correlated25 NS25 NS25

SDF-1α Correlated25 NS25 Correlated25

TNF-α Correlated25 NS25 NS25

sVEGFR1 NS25 NS25 Correlated25

CPCs NS25 N/A Correlated25

Blood biomarkers significantly associated with outcome of sunitinib treatment in patients with advanced HCC in translational studies. Biomarkers 
were evaluated at baseline (d 1), early after sunitinib (d 14) and after subsequent cycles of treatment (d 3).

TNF indicates tumor necrosis factor; CPC, circulating progenitor cell.
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