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A B S T R A C T

Purpose
To assess the safety and efficacy of sunitinib in patients with advanced hepatocellular carcinoma
(HCC) and explore biomarkers for sunitinib response.

Patients and Methods
We conducted a multidisciplinary phase II study of sunitinib, an antivascular endothelial growth
factor receptor tyrosine kinase inhibitor, in advanced HCC. Patients received sunitinib 37.5 mg/d
for 4 weeks followed by 2 weeks of rest per cycle. The primary end point was progression-free
survival (PFS). We used functional magnetic resonance imaging to evaluate vascular changes in
HCC after sunitinib treatment. Circulating molecular and cellular biomarkers were evaluated before
and at six time points after sunitinib treatment.

Results
Thirty-four patients were enrolled. The objective response rate was 2.9%, and 50% of patients had
stable disease. Median PFS was 3.9 months (95% CI, 2.6 to 6.9 months), and overall survival was
9.8 months (95% CI, 7.4 months to not available). Grade 3 or 4 toxicities included leukopenia/
neutropenia, thrombocytopenia, elevation of aminotransferases, and fatigue. Sunitinib rapidly
decreased vessel leakiness, and this effect was more pronounced in patients with delayed
progression. When evaluated early (at baseline and day 14) as well as over three cycles of
treatment, higher levels of inflammatory molecules (eg, interleukin-6, stromal-derived factor 1�,
soluble c-KIT) and circulating progenitor cells were associated with a poor outcome.

Conclusion
Sunitinib shows evidence of modest antitumor activity in advanced HCC with manageable adverse
effects. Rapid changes in tumor vascular permeability and circulating inflammatory biomarkers are
potential determinants of response and resistance to sunitinib in HCC. Our study suggests that
control of inflammation might be critical for improving treatment outcome in advanced HCC.

J Clin Oncol 27:3027-3035. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the third most
common cause of cancer-related death.1 The inci-
dence of HCC is increasing in the United States and
Europe.2,3 Advanced HCC carries a poor prognosis,
and systemic therapy with cytotoxic agents provides
marginal benefit.4

Emerging data have supported the role of an-
giogenesis in hepatocarcinogenesis and suggested
that inflammatory pathways and/or immune cells
promote tumor angiogenesis.5-8 Excessive and ab-
normal vasculature, presumably as a result of up-

regulation of proangiogenic factors including
vascular endothelial growth factor (VEGF) and
platelet-derived growth factor (PDGF), is a hallmark
of HCC.9 Inflammation, which is induced by hepa-
titis and other etiologies,10 is another key feature
of HCC.11

The orally available multitargeted receptor ty-
rosine kinase inhibitor (TKI) sorafenib (Nexavar;
Bayer, West Haven, CT and Onyx, Emeryville, CA)
is the first agent to demonstrate significant im-
provement in median overall survival (OS) in two
randomized phase III trials in advanced HCC pa-
tients12,13 and has been approved by the US Food
and Drug Administration. Sorafenib may exert its
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antivascular effects by targeting receptors for VEGF (VEGFR2 and
VEGFR3) and PDGF (PDGFR�) and may block tumor cell prolifera-
tion by targeting the RAF/MEK/ERK signaling pathway.14,15 Sunitinib
(Sutent; Pfizer, New York, NY) is an oral multitargeted TKI with
partially overlapping target inhibition profile with sorafenib.
Sunitinib is approved for the treatment of renal cell carcinoma
and imatinib-resistant GI stromal tumors.16,17 Sunitinib inhibits
VEGFR1, VEGFR2, VEGFR3, PDGFR�, PDGFR�, stem-cell factor
receptor (KIT), FMS-like tyrosine kinase 3, colony-stimulating fac-
tor receptor type 1, and the glial cell line– derived neurotrophic
factor receptor (RET).18 These pathways have been implicated in
angiogenesis and inflammation.

Improving treatment outcomes in advanced HCC patients re-
quires the development of other active agents/regimens with tolerable
safety profiles and the identification of mechanism of drug action and
biomarkers capable of predicting tumor response and/or resistance to
treatment. To assess the efficacy and tolerability of sunitinib and to
identify its mechanism of action and potential biomarkers, we con-
ducted a multidisciplinary phase II study of sunitinib in patients with
advanced HCC. We explored candidate biomarkers that might be
correlated with clinical efficacy by comparing clinical outcome with
dynamic contrast-enhanced (DCE) magnetic resonance imaging
(MRI) parameters (eg, forward volume transfer constant [Ktrans] at
baseline and day 14 after treatment) and circulating biomarkers in-
volved in angiogenic and inflammatory pathways (at baseline; changes
after 2 weeks of treatment; and changes at six time points during the
first three cycles of treatment).

PATIENTS AND METHODS

Patients

The trial was approved by the Institutional Review Board (IRB) at Dana-
Farber/Harvard Cancer Center (Boston, MA). All patients provided written
informed consent before study participation. Eligibility criteria included his-
tologically proven, measurable, locally advanced, recurrent or metastatic
HCC; no more than one prior chemotherapy regimen; prior chemoemboliza-
tion therapy only if performed more than 4 weeks before study entry and
measurable disease present outside of the chemoembolization field; age � 18
years; Eastern Cooperative Oncology Group performance status of 0 or 1;
Cancer of the Liver Italian Program (CLIP) score �3; and adequate hepatic,
renal, and bone marrow function. Exclusion criteria included concurrent
malignancies; significant medical comorbidities; significant cardiovascular
disease including uncontrolled hypertension, myocardial infarction, and un-
stable angina; New York Heart Association grade 2 or greater congestive heart
failure; prolongation of QTc of more than 450 msec in screening ECG or
history of familial long QT syndrome; history of bleeding; proteinuria at
baseline (more than 2 g/d); pregnancy or lactation; CNS metastases; or an
inability to provide written informed consent.

Study Treatment

Eligible patients received sunitinib at a dose of 37.5 mg daily by mouth
for 28 days followed by 14 days of rest in 6-week cycles. Patients with grade 3 or
4 toxicities underwent dose reduction to 25 or 12.5 mg daily, respectively.
Treatment was continued until progression, unacceptable toxicity, or with-
drawal of consent.

Efficacy and Safety Assessments

Patients were observed once every 2 weeks for serial laboratory testing
and physical examinations. Multiple-gated acquisition or echocardiogram
measurement of left ventricular ejection fraction was performed at screening
and at the end of even-numbered cycles. Computed tomography/MRI scans
were performed at baseline and after each of the first three cycles and after

every two cycles thereafter. Objective tumor response was assessed using
RECIST (Response Evaluation Criteria in Solid Tumors).19 Patients were
observed after treatment discontinuation for survival status.

Evaluation of Biomarkers

Histology. Biopsies were available from 15 patients. Five-micrometer
thick sections were cut from the formalin-fixed, paraffin-embedded blocks
and stained with the following antibodies: CD31 (Dako, Carpinteria, CA);
VEGFR2, PDGFR�, and PDGFR� (Cell Signaling Technology, Danvers, MA);
and c-KIT (Cell Marque, Rocklin, CA), as described.20

DCE-MRI. DCE-MRI of the liver was performed using a phased array
body coil on a 1.5-T MRI system (Avento; Siemens, New York, NY) using
the following protocol. First, T1-weighted images were obtained. Three-
dimensional volume interpolated excitation coronal T1 sequence of varying
flip angles of 10, 15, 30, 60, and 90 degrees were obtained in a breath hold
before contrast media injection using the following parameters: TR � 5 msec,
TE � 1.58 msec, 5-mm slice thickness, 0-mm interslice gap, 20 slices, 123 �
192 matrix, and field of view of 400 � 400 mm. Second, through the 20-guage
peripheral intravenous line in the arm, 0.1 mmol/kg bodyweight of
gadolinium-diethylenetriaminepentaacetic acid contrast was power injected
at 2 mL/sec. Third, DCE acquisition was performed. A series of coronal
T1-weighted three-dimensional volume interpolated excitation images were
obtained after 5-second delay after the initiation of contrast media injection,
and the scanning continued for up to 4 minutes and 34 seconds. The acquisi-
tion parameters included: TR�5 msec, TE�1.58 msec, 5-mm slice thickness,
0-mm interslice gap, 20 slices, 123 � 192 matrix, 15-degree flip angle, and field
of view of 400 � 400 mm. Two consecutive 7-second acquisitions forming two
different time points were repeated 10 times with a delay of 14 seconds between
them. The scanning time in every acquisition was 14 seconds with a break of 14
seconds, and the patients were asked to hold their breath during acquisition.
Finally, delayed postcontrast T1-weighted images were taken as follows: axial
and coronal two-dimensional T1-weighted fat-saturated gradient echo (GRE)
using TR � 150 msec, TE � 2.1 msec, 160 � 256 matrix, 20 slices, 5-mm
thickness, and 0-mm interslice gap.

For tumor burden, an experienced radiologist, who was blinded to clin-
ical details and treatment status, measured enhancing lesions on post–T1-
weighted images.

To obtain permeability maps, DCE images were processed at pixel reso-
lution by using a commercially available full time point (fTP) model (CAD
Sciences, White Plains, NY) to analyze the time evolution of contrast enhance-
ment. The fTP-pharmacokinetic (PK) image analysis platform implements
the Tofts pharmacokinetic model to quantify vascular permeability (Ktrans and
reverse reflux rate constant between extracellular space and plasma [Kep]).21

Regions of interest were hand-drawn on postprocessed images in all the ana-
tomic locations from the section in which the tumor was first visible to the last
section in which the tumor was visible to enable whole tumor evaluation. For
patients with multiple lesions, we drew regions of interest for all tumors and
estimated a mean value for Ktrans and Kep.

Measurement of angiogenic proteins and inflammatory cytokines in
plasma. Peripheral blood was obtained from all patients with advanced HCC
enrolled onto this study at baseline and 14 days after the first dose of sunitinib.
After obtaining IRB approval and informed consent, additional samples were
collected in EDTA-containing vacutainers at days 28, 56, 84, and 112 after the
first ingestion of the drug from 13 consecutive patients. Plasma analysis was
carried out for circulating VEGF, placental-derived growth factor, soluble
VEGFR1, basic fibroblast growth factor, interleukin (IL) -1�, IL-6, IL-8, and
tumor necrosis factor � (TNF-�) using multiplex enzyme-linked immunosor-
bent assay plates from Meso-Scale Discovery (Gaithersburg, MD), as well as
soluble VEGFR2, soluble VEGFR3, stromal-derived factor 1� (SDF1�),
VEGF-C, and soluble c-KIT from R&D Systems (Minneapolis, MN).20 Every
sample was run in duplicate.

Circulating cell biomarker evaluation. Blood circulating cells were
enumerated in fresh samples using a standard flow cytometry proto-
col.22 The quantitative analysis end point was the change in the fraction
of CD31brightCD34�CD45– circulating endothelial cells (CECs) and
CD133�CD34�CD45dim circulating progenitor cells (CPCs) among blood
mononuclear cells after sunitinib treatment. Percent values were obtained
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pretreatment and at 14, 28, 56, 84, and 112 days after the first ingestion of
sunitinib from 13 consecutive patients, after obtaining IRB approval and
informed consent.

Data and Statistical Analyses

The primary objective of this study was progression-free survival (PFS).
This study used a two-stage design. The planned accrual was for 34 patients. If
at least 20 patients (59%) were observed to survive 3 months progression free,
this regimen would be considered worthy of further testing. If no more than
eight patients (47%) were observed to survive 3 months progression free

among the initial 17 patients, the study would have been terminated. This
design yielded at least 90% power to detect a true 3-month PFS rate of 69%. It
yielded at least 0.90 probability of a negative result if the true 3-month PFS rate
was less than 47%. Secondary end points included radiographic responses,
toxicity, OS, and biologic and imaging biomarkers.

Biomarker changes from baseline were tested using the exact paired
Wilcoxon test23 and reported as the on-study to baseline ratios. The ratios were
compared between partial response/stable disease (PR/SD) and progressive
disease (PD) groups using two-sample exact Wilcoxon test. Associations of
log-transformed biomarker levels with PFS and OS were tested in the Cox
proportional hazards models,24 after stratifying patients by the CLIP score.
One variant of such analysis involved all serial measurements and used as-
sumption of time-dependent covariates (defined by last measurement carried
forward); others were with fixed covariates, at baseline and at 14 days, adjusted
for baseline. The analysis with time-dependent covariates used robust sand-
wich variance estimators25 to account for within-patient correlations. We
report P values for the robust score test for time-dependent Cox model and for
Wald test otherwise. Missing measurements of biomarkers were excluded
from all analyses. We chose the parameters measured based on their known
implication in the pathogenesis of disease and were interested in the results
separately for each biomarker. Hence, we did not adjust P values with respect
to multiple biomarkers. However, in multiple comparisons of on-study versus
baseline biomarker levels, we adjusted P values using the false discovery con-
trol method of Genovese et al,26 with weights proportional to the square root
of paired measurements.

RESULTS

Patient Characteristics

The 34 patients enrolled had histologically confirmed ad-
vanced HCC with a CLIP score of 1 (n � 13, 38%), 2 (n � 12, 35%),
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Fig 1. Kaplan-Meier survival distributions. (A) Progression-free survival and (B)
overall survival in 34 advanced hepatocellular carcinoma patients receiving
sunitinib. On the x-axis is the number of patients at risk at each time point.

Table 1. Patient Characteristics

Patient Demographics
No. of Patients

(N � 34) %

Sex
Male 29 85
Female 5 15

Age, years
Median 64
Range 30-82

ECOG performance status
0 15 44
1 19 56

CLIP score
1 13 38
2 12 35
3 9 27

Child-Pugh class
A 33 97
B 1 3

BCLC stage
B (intermediate) 5 15
C (advanced) 29 85

Macroscopic vascular invasion 11 32
Extrahepatic spread 17 50
Previous therapy

Surgical resection 3 9
Chemoembolization 2 6
Radiofrequency ablation 2 6
Radiation 1 3
Systemic therapy 6 18

Cause of disease
Alcohol 10 29
Hepatitis C 7 21
Hepatitis B 4 12
Hepatitis C/B coinfection 4 12
Autoimmune hepatitis 1 3
Unknown 8 24

Baseline laboratory values
�-fetoprotein, ng/mL

Median 377
Range 1.1-242,000

Total bilirubin, mg/dL
Median 0.6
Range 0.2-2.4

Serum AST, U/L
Median 65
Range 16-144

Albumin, mg/dL
Median 3.8
Range 2.5-4.7

Abbreviations: ECOG, Eastern Cooperative Oncology Group; CLIP, Cancer of
the Liver Italian Program; BCLC, Barcelona Clinic Liver Cancer.
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or 3 (n � 9, 27%). The median age was 64 years, with 29 male
patients (85%; Table 1). Twenty-nine patients (85%) had Barcelona
Clinic Liver Cancer (BCLC) stage C, and five patients (15%) had
BCLC stage B. The majority of patients (n � 28, 82%) had no prior
systemic treatments.

Efficacy

Eleven (65%) of 17 patients in the first stage were progression free
after 3 months, and therefore, the study proceeded to complete ac-
crual. Sunitinib induced a PR (of 20 months) in one patient (2.9%;
95% CI, 0.2% to 14.9%) and achieved SD in 17 patients (50%; 95% CI,
34.1% to 65.9%). Three patients (8.8%) showed a greater than 50%
decrease in �-fetoprotein (AFP). With a median follow-up time of 8.1
months, the PFS of this cohort was 3.9 months (95% CI, 2.6 to 6.9
months), the time to progression (TTP) was 4.1 months (95% CI, 2.8
to 9.2 months), the 3-month PFS rate was 56%, and the median OS
was 9.8 months (95% CI, 7.4 months to not available; Figs 1A and 1B).

Safety

Adverse events were generally manageable, and the most com-
mon adverse events included hematologic toxicities, fatigue, and
transaminase elevation (Table 2). Of note, grade 3 or 4 adverse events
occurred in less than 20% of the patients in any category. Two patients
died during the first 4 weeks, likely as a result of rapid PD and he-
patic failure.

DCE-MRI and Biomarker Analyses

All analyzable tumor samples showed endothelial cell expression
of VEGFR2, PDGFR�, and PDGFR� (14 of 14 samples, 100%), but
not c-KIT (Appendix Fig A1, online only). Of these markers, PDGFR�
was often detected in cancer cells, whereas VEGFR2, PDGFR�, and
c-KIT were mostly seen in stromal cells.

In patients with valid pre- and post-treatment DCE-MRI mea-
surements, we found significant decreases in Ktrans and Kep to approx-
imately half (P� .0001, Fig 2A). An example of significant decreases in
Ktrans and Kep is shown in Figure 2B. Moreover, the extent of decrease
in Ktrans in patients who experienced PR/SD (n � 17) was significantly
greater (two-fold on average) compared with patients with PD or who
died (n � 8) during the first two cycles of therapy (ie, after 3 months;
P � .05; Fig 2C).

Sunitinib treatment induced significant and sustained increases
in VEGF, placental-derived growth factor, and SDF1� and de-
creases in sVEGFR2, sVEGFR3 and CPCs (Table 3), but not other
angiogenic and inflammatory biomarkers (basic fibroblast growth
factor, VEGF-C, sVEGFR1, TNF-�, IL-1�, IL-6, IL-8, soluble c-KIT,
or CECs; Appendix Table A1, online only). We later tested whether
these changes in circulating proangiogenic and proinflammatory fac-
tors were associated with PFS or OS in HCC patients, after stratifying
the patients 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, SDF1�, and TNF-� in patients

Table 2. Adverse Events After Sunitinib Treatment in Advanced Hepatocellular Carcinoma Patients

Toxicity

Any Grade Grade 3 Grade 4

No. of Patients % No. of Patients % No. of Patients %

Leukopenia 29 85 6 18
Thrombocytopenia 22 65 2 6 2 6
Fatigue 21 62 4 12
Neutropenia 21 62 6 18
AST 20 59 6 18
Anemia 20 59 1 3
Lymphopenia 20 59 6 18
Diarrhea 16 47
ALT 15 44 3 9
Nausea 15 44 2 6
Anorexia 13 38 2 6
Total bilirubin 11 32 2 6
Alkaline phosphatase 9 26
Constipation 9 26
Hypophosphatemia 8 24 1 3
Dysgeusia 8 24
Vomiting 7 21 1 3
Stomatitis 6 18 1 3
Epistaxis 6 18
Hand-foot syndrome 5 15 2 6
Dyspnea 4 12
Hypertension 4 12 2 6
Rash 4 12 1 3
Cough 3 9
Dry skin 3 9
Hyponatremia 3 9 1 3
Pulmonary embolism 1 3 1 3
Upper GI bleeding 2 6 2 6
Ataxia 1 3 1 3
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with rapid tumor progression and/or mortality after sunitinib
(P � .05, Table 4). 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 � .05; Table 4). Finally, analysis performed
in a time-dependent proportional hazards model showed that patients
with more elevated AFP, IL-6, soluble c-KIT, SDF1�, sVEGFR1, and
CPCs at any time point during sunitinib treatment were associated
with higher hazard of immediate progression or mortality (P � .05,
Table 4).

DISCUSSION

In two randomized, placebo-controlled, phase III studies, sor-
afenib monotherapy yielded an OS of 10.7 months and TTP of 5.5
months (SHARP [Sorafenib HCC Assessment Randomized Proto-
col] study13) and OS of 6.5 months and TTP of 2.8 months (Asian-
Pacific study12) in advanced HCC. In our study, although the PFS rate
of 56% at 3 months failed to meet the predefined targeted end point of
59%, sunitinib treatment showed a response rate of 2.9%, SD in 50%
of the patients, PFS of 3.9 months, TTP of 4.1 months, and OS of 9.8
months in advanced HCC. The results are consistent with data pre-
liminarily reported from another phase II study of sunitinib in ad-
vanced HCC with a response rate of 2.7%, a median TTP of 21 weeks,
and median OS of 45 weeks.27 The modest single-agent activity of
sunitinib observed would support further testing of sunitinib in com-
bination with chemotherapeutic or other targeted agents. Given the
single-arm nature of these studies and potential patient selection bias,
the initial experience with sunitinib in HCC underscores the impor-
tance of randomized studies and the difficulty of selecting optimal
primary end points in phase II studies in HCC.28

Sunitinib was well tolerated by most patients when administered
in the current dose schedule with close monitoring. The major toxic-
ities encountered included myelosuppression, fatigue, and transami-
nase elevation. Of note, two patients died during the first cycle likely as
a result of rapid disease progression and hepatic failure. An increased
incidence of toxicity, including hepatic failure, was seen with sunitinib
at higher doses (50 mg/d) in HCC patients.27 Although the safety
profiles of sunitinib in HCC should be determined in larger popula-
tions, it seems that the 37.5-mg dose schedule has a favorable safety
profile and should be used for future development of sunitinib
in HCC.

Our results of target validation by immunohistochemistry are
consistent with previous reports of these markers in HCC.29-31 How-
ever, we detected PDGFR� expression in HCC endothelial cells and
thus hypothesized that sunitinib may induce similar antivascular and
antipermeability effects in HCC as seen with cediranib in glioblas-
tomas, consistent with vascular normalization.20,32 To measure the
changes in HCC vessel function, we used DCE-MRI, the most widely
used technique for evaluating vessel leakiness. Parameters such as
Ktrans depend on vascular permeability and are being considered as
biomarker candidates because they can detect functional changes in
tumor vasculature after treatment with anti-VEGF agents.20,33-35 The
extent of the decrease in Ktrans was greater in patients with delayed
progression, suggesting that control of vessel leakiness may be a deter-
minant of HCC response to sunitinib. A decrease in Ktrans after 1 day of
treatment with cediranib, another VEGFR TKI, has been shown to be
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Fig 2. Measurement of the effects of sunitinib using dynamic contrast-
enhanced magnetic resonance imaging (MRI). (A) Sunitinib significantly de-
creased forward volume transfer constant (Ktrans; red boxes) and reverse reflux
rate constant between extracellular space and plasma (Kep; blue boxes) in
advanced hepatocellular carcinoma (HCC) patients (*P � .0001, data shown as
medians with 95% CIs). (B) Representative MRI images of T1-weighted tumor
enhancement (left) and maps of Ktrans (center) and Kep (right, two measures of
tumor vessel permeability) before and after sunitinib demonstrating a dramatic
radiographic tumor response within 2 weeks of treatment. (C) Correlation
between the extent of Ktrans decrease at day 14 in HCC patients with partial
response (PR) or stable disease (SD) versus patients with progressive disease
(PD) after sunitinib (*P � .05).
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associated with PFS and OS in recurrent glioblastoma.36 Despite these
promising leads, DCE-MRI has not been integrated in any of the
previous phase III studies of anti-VEGF agents. Moreover, a range of
MRI techniques have been reported in the literature, and there is
currently no consensus on what are the most appropriate parameters
to be used for anti-VEGF agents. Thus, the predictive value of imaging
biomarkers remains to be standardized and validated in larger studies,
and RECIST criteria remain the standard for response assessment
in HCC.

Some blood circulating proangiogenic and proinflammatory
molecules are often elevated in patients with tumors and are currently
being evaluated as potential biomarkers of response or resistance to
anti-VEGF therapy.37 Here, we show that sunitinib treatment signifi-
cantly changed multiple angiogenic biomarkers in HCC patients.

Nevertheless, delayed tumor progression after sunitinib correlated
with a decrease in the circulating inflammatory molecules IL-6 and
soluble c-KIT. Moreover, we found that higher levels of IL-6, soluble
c-KIT, SDF1�, and CPCs at any time point during sunitinib treatment
in HCC patients was associated with rapid progression or mortality.
These data emphasize the potential role of IL-6 and soluble c-KIT
modulation during sunitinib treatment in HCC. They also underscore
the potential role of upregulation of inflammatory pathways such as
IL-6 and SDF1� (a chemokine significantly upregulated by sunitinib
throughout the treatment) in tumor refractoriness to this therapy, as
well as potential novel targets for this disease. Counterintuitively,
higher sVEGFR1 correlated with rapid progression, and there were no
correlations between outcome and other VEGF members measured in
this study in plasma. However, it is important to note that these

Table 3. Plasma Cytokine and Circulating Cell Changes After Sunitinib Treatment

Plasma Before Treatment Day 14 Day 28 Day 56 Day 84� Day 112

VEGF
Median, pg/mL 126 268 217 243 226 269
Interquartile range, pg/mL 90-213 181-457 150-295 161-282 80-240 180-329
No. of patients 33 30 8 10 8 6
P† NA � .0001‡ .039 .13 .84 .43
P§ NA .0001‡ .11 .23 1.0 .75

PlGF
Median, pg/mL 17 (N � 33) 52 81 41 20 50
Interquartile range, pg/mL 12-21 23-96 25-114 30-102 16-23 37-63
No. of patients 33 30 8 10 8 6
P † NA � .0001‡ .039 .0039‡ .11 .062
P§ NA � .0001‡ .077 .010‡ .13 .11

sVEGFR2
Median, pg/mL 6,181 4,421 4,346 3,745 5,124 2,567
Interquartile range, pg/mL 4,854-7,811 3,574-5,216 3,300-4,503 3,206-5,244 4,438-5,922 2,136-2,754
No. of patients 29 27 6 7 6 4
P † NA � .0001‡ .062 .031 .15 .12
P§ NA � .0001‡ .13 .087 .19 .19

sVEGFR3
Median, pg/mL 3.35 2.57 2.04 2.54 4.34 2.92
Interquartile range, pg/mL 1.79-4.56 1.70-3.39 1.30-3.12 1.34-4.02 3.03-7.60 2.12-3.56
No. of patients 30 22 8 10 8 6
P † NA .0008‡ .0078‡ .064 .46 .31
P§ NA .0028‡ .022‡ .12 .52 .51

SDF1�

Median, pg/mL 2,721 3,024 3,436 2,861 2,611 2,683
Interquartile range, pg/mL 2,303-3,037 2,725-3,626 2,795-3,580 2,685-3,096 2,332-2,869 2,630-2,969
No. of patients 32 29 8 10 8 6
P † NA .0007‡ .0078‡ .0039‡ .078 .062
P§ NA .0023‡ .015‡ .010‡ .092 .092

CPCs
Median, % of PBMC 0.096 0.032 0.046 0.045 0.076 0.025
Interquartile range, % of PBMC 0.076-0.100 0.030-0.040 0.030-0.060 0.026-0.045 0.068-0.083 0.020-0.042
No. of patients 9 8 7 7 7 4
P † NA .015† .015‡ .12 .25 .50
P§ NA .032‡ .032‡ .22 .33 .76

NOTE. P values are shown with and without adjustment for multiple variable analysis.
Abbreviations: VEGF, vascular endothelial growth factor; NA, not applicable; CPCs, circulating progenitor cells; PlGF, placental-derived growth factor; VEGFR,

vascular endothelial growth factor receptor; SDF1�, stromal-derived factor 1�; PBMC, percent of peripheral-blood mononuclear cell.
�This time point corresponds to the beginning of the third cycle of treatment and is after a 2-week treatment break.
†P values are from the paired exact Wilcoxon test, unadjusted.
‡Significant change.
§P values are from the paired exact Wilcoxon test, adjusted to control the false discovery rate over time, with weights proportional to the square root of number

of the measurements.
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changes occurred in the context of continued VEGF signaling inhibi-
tion by sunitinib and that polymorphisms in VEGF or VEGFR2 and
not just total plasma protein concentration may be determinants for
tumor responsiveness to anti-VEGF therapy.38

In summary, although the PFS rate at 3 months fell just short of
the targeted 59% rate, we provided initial evidence of antitumor ac-

tivity of sunitinib in advanced HCC with manageable safety profiles.
Sunitinib rapidly reduces tumor vessel leakiness, as estimated by MRI,
indicating a direct effect on HCC vasculature that might be associated
with clinical benefit. Our circulating biomarker data suggest a critical
role for the balance between angiogenic and inflammatory pathways
in HCC response and resistance to sunitinib treatment. Successful

Table 4. Blood Biomarkers Significantly Associated With Time to Tumor Progression and Mortality in Patients With Advanced Hepatocellular
Carcinoma (stratified by CLIP score) Who Received Sunitinib Therapy

Biomarker

Pretreatment Measurement� Change at Day 14� Time-Dependent Change†

Tumor Progression Mortality Tumor Progression Mortality Tumor Progression Mortality

AFP
HR 1.22 1.37 NA NA 1.25 1.24
95% CI 1.00 to 1.49 0.98 to 1.90 1.09 to 1.43 1.08 to 1.42
No. of patients 26 26 23/26‡ 13/26‡
P .048 .055 .0012 .012

IL-6
HR 1.70 1.82 2.46 1.96 3.28 2.77
95% CI 1.12 to 2.57 1.12 to 2.96 1.27 to 4.76 1.14 to 3.35 2.09 to 5.13 1.78 to 4.30
No. of patients 29 29 27 27 26/29‡ 18/29‡
P .013 .016 .008 .027 .0026 .0072

Soluble c-KIT
HR 0.74 1.92 1.95 4.13 1.30 2.54
95% CI 0.39 to 1.40 0.88 to 4.17 0.75 to 5.06 1.13 to 15.02 0.82 to 2.09 1.03 to 6.28
No. of patients 33 33 30 30 30/33‡ 20/33‡
P NS .099 .099 .032 NS .019

IL-8
HR 1.68 1.84 0.67 0.58 1.31 1.43
95% CI 1.04 to 2.71 1.07 to 3.17 0.31 to 1.45 0.25 to 1.36 0.69 to 2.48 0.70 to 2.91
No. of patients 28 28 26 26 25/28‡ 17/28‡
P .035 .028 NS NS NS NS

SDF1�

HR 1.11 5.41 2.76 1.82 1.87 15.98
95% CI 0.42 to 2.94 1.51 to 19.32 0.45 to 16.86 0.18 to 18.42 0.62 to 5.61 3.21 to 79.64
No. of patients 32 32 29 29 29/32‡ 19/32‡
P NS .009 NS NS NS .0065

TNF-�
HR 1.88 4.83 1.03 0.49 2.15 2.05
95% CI 0.71 to 5.03 1.33 to 17.53 0.35 to 3.01 0.13 to 1.82 0.87 to 5.34 0.91 to 4.65
No. of patients 29 29 27 27 26/29‡ 18/29‡
P NS .017 NS NS .061 .075

sVEGFR1
HR 1.29 0.98 1.31 1.09 1.39 1.16
95% CI 0.87 to 1.91 0.65 to 1.47 0.57 to 3.01 0.34 to 3.47 1.07 to 1.80 0.80 to 1.67
No. of patients 33 33 30 30 30/33‡ 20/33‡
P NS NS NS NS .021 NS

VEGF
HR 1.60 1.17 1.05 0.82 1.21 1.38
95% CI 1.08 to 2.36 0.77 to 1.77 0.62 to 1.79 0.45 to 1.49 0.91 to 1.62 0.93 to 2.04
No. of patients 33 33 30 30 30/33‡ 20/33‡
P .018 NS NS NS NS .082

CPCs
HR 0.78 0.99 NA NA 1.01 4.83
95% CI 0.04 to 15.28 0.00 to 695.7 0.48 to 2.12 0.92 to 25.42
No. of patients 9 9 11/13‡ 6/13‡
P NS NS NS .035

NOTE. Biomarker were evaluated at baseline, early after sunitinib (day 14), and at six time points before and after treatment. P � .05 is considered significant.
Abbreviations: CLIP, Cancer of the Liver Italian Program; AFP, �-fetoprotein; HR, hazard ratio; NA, not applicable; IL, interleukin; NS, not significant; SDF1�,

stromal-derived factor 1�; TNF-a, tumor necrosis factor �; VEGFR, vascular endothelial growth factor receptor; VEGF, vascular endothelial growth factor; CPCs,
circulating progenitor cells.

�P values are from the Wald test in proportional hazards model.
†P values are from the robust score test in time-dependent proportional hazards model for patients with higher biomarker values at any time point.
‡Total number of measurements per number of patients.
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modulation of these inflammatory markers might be critical for
achieving treatment response with sunitinib and potentially other
antiangiogenic agents. The findings of this hypothesis-generating
study should be validated in large prospective trials. It will be particu-
larly important to further explore these potential biomarkers for other
targeted agents, such as sorafenib or bevacizumab, to better under-
stand the significance of these findings for anti-VEGF therapy and
improve the outcome of treatment in HCC.
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