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ABSTRACT

Objective. Hepatocellular carcinoma (HCC) is a highly vas-
cularized tumor in which neoangiogenesis contributes to
growth and metastasis. We assessed the safety, efficacy,
and potential biomarkers of activity of bevacizumab in pa-
tients with advanced HCC.

Methods. In this phase II trial, eligible patients received
bevacizumab, 5 mg/kg or 10 mg/kg every 2 weeks. The dis-
ease-control rate at 16 weeks (16W-DCR) was the primary
endpoint. Circulating endothelial cells (CECs) and plasma
cytokines and angiogenic factors (CAFs) were measured at
baseline and throughout treatment.

Results. The 16W-DCR was 42% (95% confidence inter-
val, 27%–57%). Six of the 43 patients who received bevaci-
zumab achieved a partial response (objective response
rate [ORR], 14%). Grade 3– 4 asthenia, hemorrhage,
and aminotransferase elevation occurred in five (12%),

three (7%), and three (7%) patients, respectively. Dur-
ing treatment, placental growth factor markedly in-
creased, whereas vascular endothelial growth factor
(VEGF)-A dramatically decreased (p < .0001); soluble
VEGF receptor-2 (p < .0001) and CECs (p � .03) tran-
siently increased on day 3. High and increased CEC
counts at day 15 were associated with the ORR (p � .04)
and the 16W-DCR (p � .02), respectively. Lower inter-
leukin (IL)-8 levels at baseline (p � .01) and throughout
treatment (p < .04) were associated with the 16W-DCR.
High baseline IL-8 and IL-6 levels predicted shorter
progression-free and overall survival times (p < .04).

Conclusion. Bevacizumab is active and well tolerated in
patients with advanced HCC. The clinical value of CECs,
IL-6, and IL-8 warrants further investigation. The Oncolo-
gist 2012;17:1063–1072

INTRODUCTION
Hepatocellular carcinoma (HCC) is a major cause of cancer-
related death, causing an estimated 42,600 deaths in the Euro-
pean Union [1]. Approximately 70% of cases are diagnosed at
an advanced stage, not amenable to curative-intent treatments
[2]. Systemic chemotherapy has been of limited success in the
treatment of patients with advanced HCC, with no studies
demonstrating a substantial benefit for single-agent or combi-

nation regimens [3]. HCC is a highly vascularized tumor, and
aberrant expression of vascular endothelial growth factor
(VEGF), the key mediator of tumor angiogenesis, has been im-
plicated in its development and progression [4]. Tumor expres-
sion of VEGF correlates with vascular density, tumor
invasiveness, and prognosis in patients with HCC [5]. The
VEGF pathway therefore represents a promising therapeutic
target in this disease. Sorafenib, a tyrosine kinase inhibitor
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(TKI) of VEGF receptor (VEGFR), platelet-derived growth
factor receptor-�, and Raf, was shown to result in a superior
disease-control rate (DCR) and overall survival (OS) outcome
in patients with advanced HCC in two large randomized phase
III trials, leading to its approval as the standard treatment in the
first-line setting [6, 7].

Bevacizumab, a humanized recombinant monoclonal anti-
body that binds all isoforms of circulating VEGF-A, the main
ligand of VEGFR, is approved for the treatment of several ad-
vanced solid tumors [8–10]. Preclinical studies demonstrated
its activity in HCC, extending the time to progression of HCC
xenografts in mouse models and significantly decreasing mi-
crovessel density [11]. The present study was undertaken to as-
sess the efficacy and tolerability of bevacizumab monotherapy
in patients with advanced HCC. Because no reliable biomark-
ers predicting the antitumor activity of bevacizumab have been
validated so far, we took advantage of this single-agent phase
II study to assess circulating endothelial cells (CECs) and
plasma cytokines and angiogenic factors (CAFs) as potential
biomarkers of bevacizumab activity.

METHODS

Patient Selection
Patients were eligible if they had histologically confirmed ad-
vanced HCC that was not amenable to curative-intent therapies
(e.g., resection, liver transplantation, or percutaneous abla-
tion). The main inclusion criteria were: measurable disease ac-
cording to the Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.0) [12], age �18 years, a World Health
Organization performance status (WHO PS) score �2, Child-
Pugh class A or compensated class B (�7) liver cirrhosis (if
any), Cancer of the Liver Italian Program (CLIP) score �3
[13], hemoglobin �8 g/dL, platelet count �75,000/mm3 ade-
quate liver function with bilirubin �2� the upper limit of nor-
mal, and a prothrombin time within the normal range. One
prior systemic therapy regimen (excluding antiangiogenic
agents) and prior transarterial chemoembolization (TACE)
were permitted. All patients provided written informed con-
sent. Upper gastrointestinal endoscopy was required within 6
months of study entry. Propranolol had to be prescribed in
cases of medium or large gastroesophageal varices (GEV). In
cases of red wale marks, systematic preventive banding had to
be performed before inclusion.

Exclusion criteria were: decompensated liver cirrhosis
(Child–Pugh score �7), full-dose anticoagulation or platelet-
inhibitory therapy, major surgical procedure in the 28 days
prior to study entry, variceal bleeding in the previous 3 months,
thromboembolic event or clinically significant cardiovascular
disease (congestive heart failure, uncontrolled arterial hyper-
tension, unstable angina, myocardial infarction, or severe car-
diac arrhythmia) in the previous 6 months, previous or current
other malignancies, and concomitant antitumor treatment in-
cluding tamoxifen or somatostatin analogs.

Study Objectives
This study was designed as a single-center, nonrandomized,
phase II study. The primary endpoint was the DCR at 16 weeks

(16W-DCR), defined as the proportion of patients with a com-
plete response, partial response (PR), or stable disease (SD) at
16 weeks after study entry, according to the RECIST (version
1.0). Secondary endpoints included a safety assessment, the
objective response rate (ORR), the progression-free survival
(PFS) interval, and the OS time. Exploratory objectives con-
sisted of assessment of the associations between potential bio-
markers of activity of bevacizumab and patient outcome. The
study was approved by our institutional review board and an
independent ethics committee.

Study Treatment
Bevacizumab, 5 mg/kg or 10 mg/kg, was administered as a 90-
minute i.v. infusion every 2 weeks (see statistical analyses for
details) until progressive disease (PD) or unacceptable toxic-
ity. No dose reductions or escalations were allowed.

Safety
Patients were required to have undergone upper gastrointesti-
nal endoscopy within 6 months of study entry. Propranolol was
prescribed in cases of of medium or large GEV. A medical his-
tory, physical examination, WHO PS assessment, adverse
event assessment, and measurement of biochemical and hema-
tologic parameters were performed at baseline and before each
treatment administration. Adverse events were graded accord-
ing to the National Cancer Institute Common Terminology
Criteria for Adverse Events (version 3.0).

Tumor Assessments
Tumor assessments were performed at screening then every 8
weeks using the same imaging modality (three-phase com-
puted tomography or magnetic resonance imaging), according
to the RECIST (version 1.0). All tumor measurements were
performed by the investigator. At the end of the study, tumor
measurements were reviewed by an independent radiologist in
our center who was blinded to the clinical and biological data.

Evaluation of Biomarkers
Peripheral blood sampling was performed at baseline before
treatment initiation, then on day 3, day 15, and day 60 after the
first administration of bevacizumab. After discarding the first
2 mL following venupunction, blood (3 mL) was collected in
Cellsave™ tubes (Immunicon, Huttingdon Valley, PA), and
CECs (CD45�CD31�CD146� 7-amino-actinomycin-D
[AAD]� cells) were measured in 1 mL whole blood by four-
color flow cytometry according to a method we previously es-
tablished [14]. Immunofluorescent staining was performed
with CD31 fluorescein isothiocyanate (BD Pharmingen,
Franklin Lakes, NJ), CD146 phycoerythrin (BD Pharmingen),
and CD45 allophycocyanin (DakoCytomation, Glostrup, Den-
mark). Using this method, we previously found that the median
CEC levels were 6.5/mL (range, 0–15/mL) in healthy adults
and 16.0/mL (range, 0–179/mL) in patients with metastatic
carcinoma of various types (p � .001) [14].

For CAF measurements, whole blood (10 mL) was col-
lected in heparin tubes. Plasma levels of matrix metalloprotei-
nase (MMP)-2, MMP-9, VEGF-A, soluble VEGFR-2
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(sVEGFR-2), interleukin (IL)-6, IL-8, placental growth factor
(PlGF), stromal derived factor (SDF)-1�, and tumor necrosis
factor (TNF)-� were determined using commercial enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems,
Minneapolis, MN). Plasma samples were assayed in duplicate.
Optical density values were considered significant if found to
be at least twice as high as the background noise.

Statistical Analysis
Patients were enrolled using a two-stage Fleming design [15].
In stage 1, 25 patients had to be treated with bevacizumab at a
dose of 5 mg/kg. If disease control at 16 weeks was observed in
�11 patients, enrollment at that dose had to be stopped and 25
further patients had to be enrolled within stage 2 and treated
with bevacizumab at a dose of 10 mg/kg. Otherwise, the next
25 patients enrolled in stage 2 were planned to receive 5 mg/kg
bevacizumab. Thus, a maximum of 50 patients had to be in-
cluded in two steps, giving a power of 0.96 (96% chance of
demonstrating efficacy if the 16W-DCR was �65%). The �
risk (one sided) was 0.03 (3% chance of demonstrating effi-
cacy if the 16W-DCR was �40%).

Safety and activity analyses included all patients receiving at
least one dose of bevacizumab. The 16W-DCR and ORR were
reported with their 95% confidence intervals (CIs). PFS and OS
curves were calculated using the Kaplan–Meier method.

Nonparametric tests (Wilcoxon or Kruskal–Wallis tests as
appropriate) were used to compare biomarker values at base-
line, day 3, day 15, and day 60, as well as changes from base-
line to day, day 15, and day 60, according to patient prognostic
characteristics (WHO PS score, Barcelona Clinic Liver Cancer
[BCLC] classification [2], and CLIP score) and outcome
(16W-DCR, ORR, and PFS and OS times). The log-rank test
was used to compare survival curves.

The trial is registered in ClinicalTrials.gov (identifier,
NCT00162669).

Role of the Funding Source
The funding source had no role in the initiation and design of
the study, data collection, analysis, and interpretation, writing
of the report, or the decision to submit for publication. The
funding source did not have access to the raw data. The corre-
sponding authors had full access to all data and the final re-
sponsibility to submit the manuscript for publication.

RESULTS

Patient Population
Accrual was stopped before the inclusion of 50 patients be-
cause of the approval of sorafenib for the first-line systemic
treatment of patients with advanced HCC. Of the 48 patients
enrolled in May 2005 to December 2007, 43 received at least
one dose of bevacizumab. Five patients did not receive treat-
ment because of rapid liver failure (three patients), early dis-
ease progression (one patient), and stroke (one patient). Those
five patients died between 23 and 74 days after registration and
were excluded from all analyses.

More than half of the patients had extrahepatic metastases.

Sixteen patients (37%) had a CLIP score �3, including two pa-
tients and one patient with CLIP scores of 4 and 5, respec-
tively. Those three patients, although ineligible, were included
in the analysis. Thirty-nine patients (91%) were classified as
BCLC stage C. Half of the patients received one or more prior
treatments (Table 1).

Based on the investigator’s assessment, the planned in-
terim analysis following the inclusion of the first 25 patients
showed that disease control at 16 weeks was observed in 10
patients treated with bevacizumab at the dose of 5 mg/kg. Ac-
cording to the study protocol, the decision to move to the sec-
ond stage of the study was made following the inclusion of the
first 25 patients because disease control at 16 weeks was ob-
served in �11 patients. Therefore, the next patients were
treated at the dose of 10 mg/kg. Retrospectively, based on an
independent radiologist’s review of tumor response performed
at the end of the study, disease control at 16 weeks was actually
observed in 11 of the first 25 patients.

Patients treated at the 5 mg/kg and 10 mg/kg dose levels re-
ceived median numbers of eight (range, 2–38) and six (range,
1–52) treatment cycles, respectively. The main reasons for dis-
continuing treatment were PD (29 patients [67%], including four
patients with concomitant liver failure and one patient with con-
comitant treatment-related toxicity), liver failure (three patients
[7%], including one patient with concomitant treatment-related
toxicity), and treatment-related toxicity (two patients [5%]).

Toxicity
Treatment toxicity was generally mild or moderate (Table 2).
Sixteen (37%) patients experienced grade 3– 4 toxicities.
Grade 3–4 asthenia and grade 3–4 aminotransferase elevation
were observed in five patients (12%) and three patients (7%),
respectively, but none of these cases was considered as a seri-
ous adverse event. Four patients (9%) experienced gastrointes-
tinal hemorrhage, including three cases of grade 2–3 GEV-
related hemorrhage (bleeding peptic ulcer in the remaining
case). There were no treatment-related deaths.

Efficacy
Among the 38 patients evaluable for radiological response, six
achieved a PR (intent-to-treat ORR, 14%; 95% CI, 4%–24%)
of 148 days median duration (range, 55–362 days) and 18 pa-
tients had SD (DCR, 56%), including 12 patients who experi-
enced SD for �16 weeks (16W-DCR, 42%; 95% CI,
27%–57%) (Fig. 1A). The 16W-DCRs were 39% (95% CI,
19%–59%) in patients treated with 5 mg/kg bevacizumab and
45% (95% CI, 23%– 67%) in those treated at the 10-mg/kg
dose.

Baseline �-fetoprotein (AFP) levels were elevated in 36
patients (84%), including 23 patients (53%) with an AFP level
�400 ng/mL. Among those 36 patients, 23 (63%) experienced
a �50% decrease in AFP level (Fig. 1B).

After a median follow-up of 27 months (range, 20 –34
months), the median PFS interval was 3 months (95% CI, 2–4
months) and the median OS duration was 8 months (95% CI,
4–9 months) (Fig. 2). The 6- and 12-month PFS rates were
33% (95% CI, 20%–47%) and 7% (95% CI, 2%–19%), re-
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spectively. The 6- and 12-month OS rates were 63% (95% CI,
48%–76%) and 30% (95% CI, 19%–45%), respectively. At
the cutoff date for analysis, three patients were still alive and in
complete remission, two of whom received additional chemo-
embolization (n � 1) or orthotopic liver transplantation (n �
1). The latter patient experienced a complete remission of his
multiple lung metastases after 18 months of bevacizumab ther-
apy, which was stopped after 24 months according to the study
recommendations. No disease relapse occurred within the 3
years after bevacizumab discontinuation.

Biomarker Analyses
CEC and CAF concentrations at baseline, day 3, day 15, and
day 60 were measured in 36 (84%) and 43 (100%) patients, re-
spectively. Analysis of correlations between baseline bio-
marker values and prognostic patient characteristics showed
that high IL-6 levels were correlated with a worse WHO PS
score (p � .008).

Levels of IL-6, IL-8, MMP-2, MMP-9, VEGF, PlGF, and
sVEGFR-2 were modulated during treatment (supplemental
online Fig. S1, Table 3). SDF-1� and TNF-� values were
lower than twice the background noise and were not consid-
ered significant. A transient increase in CEC levels was ob-
served at day 3 (p � .03). The most significant changes in
CAFs included a dramatic decrease in VEGF-A levels at all
time points (p � .0001), a transient increase in sVEGFR-2 lev-
els at day 3 (p � .0001), and an increase in PIGF levels at all
time points (p � .0001), compared with baseline.

Correlations between CEC and CAF levels at each time
point, as well as changes from baseline in CEC and CAF lev-
els, and the ORR and 16W-DCR were examined. CEC level
was the single marker associated with the ORR. Higher CEC
levels at day 15 and an increase in CEC level from baseline to

Table 1. Patient baseline characteristics

Characteristic

n (%) of
patients
(n � 43)

Median age (range), yrs 65 (23–84)

Sex, male/female 33/10 (77/23)

World Health Organization
performance status score

0 19 (44)

1 21 (49)

2 3 (7)

Cancer of the Liver Italian
Program score

0 2 (5)

1 8 (19)

2 14 (33)

3 13 (30)

4 2 (5)

5 1 (2)

Not applicablea 3 (7)

Barcelona Clinic Liver Cancer stage

B 4 (9)

C 39 (91)

Liver cirrhosis 28 (65)b

Child-Pugh class A/B 38/5 (88/12)

Underlying liver disease

Alcoholism 16 (37)

Hepatitis B virus 7 (16)

Hepatitis C virus 6 (13)

Hemochromatosis 2 (5)

Other 2 (5)c

Unknown 10 (23)d

Portal vein invasion 15 (35)

Extrahepatic spread 23 (53)

Lung 9 (21)

Lymph nodes 4 (9)

Bone 3 (7)

Peritoneum 3 (7)

Other 4 (9)

Prior treatmentse 21 (49)

Transcatheter arterial
chemoembolization

8 (19)

Chemotherapy 7 (16)

Surgical resection 6 (14)

Percutaneous ablation 3 (7)
131I-labeled lipiodol 2 (5)

Tamoxifen 2 (5)
aExtrahepatic spread without liver involvement.
bLiver cirrhosis histologically proven in 27 patients.
cNonalcoholic steatohepatitis, liver adenomatosis.
dIncluding two patients with nontumor normal liver.
ePatients may have received more than one intervention.

Table 2. Toxicity

Adverse eventa

n (%) of patients

Grade
1–2

Grade
3–4 Total

Asthenia 33 (77) 5 (12) 38 (88)

Aminotransferase elevation 31 (72) 3 (7) 34 (79)

Epistaxis 17 (40) – 17 (40)

Arterial hypertension 11 (26) – 11 (26)

Proteinuria 4 (9) 1 (2) 5 (12)

Thrombocytopenia 4 (9) 1 (2) 5 (12)

Gastrointestinal hemorrhageb 2 (5) 2 (5) 4 (9)

Tumor hemorrhagec – 1 (2) 1 (2)

Pulmonary embolism – 1 (2) 1 (2)

Transient cerebral ischemia – 1 (2) 1 (2)
aWorst National Cancer Institute Common Toxicity
Criteria, version 3.0, toxicity grade.
bGastroesophageal varices rupture, n � 3; gastric ulcer,
n � 1; no grade 4 hemorrhage.
cPrimary liver tumor bleeding with hemoperitoneum.
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day 15 were associated with a better ORR (p � .04) and 16W-
DCR (p � .02), respectively (Table 4). Furthermore, a lower
IL-8 level at all time points was associated with a better 16W-
DCR (p � .04).

Correlations between baseline CEC and CAF levels and PFS
and OS outcomes were examined. Elevated baseline IL-8 and
IL-6 levels were correlated with both a shorter PFS interval (p �

.04 and p � .006, respectively) and a shorter OS time (p � .04 and
p � .04, respectively) (Fig. 3). None of the other biomarker levels
were significantly correlated with patient outcome.

DISCUSSION
Our study supports the clinical and biological activity of bev-
acizumab as a single agent in patients with advanced HCC. The

Figure 1. Changes in tumor area and serum alphafoetoprotein level over time in patients with advanced hepatocellular carcinoma treated
with bevacizumab. Waterfall plot of maximum percentage changes in tumor size of index lesions (A) and maximum changes in �-feto-
protein (AFP) levels from baseline (B). Evaluable patients (n � 38) are categorized according to Response Evaluation Criteria in Solid
Tumors (version 1.0) as having an objective response (white bars), stable disease (dashed bars), or disease progression (purple bars). Eight
patients with a �20% increase in the sum of the largest dimensions of the target lesions were categorized as having disease progression
because of the appearance of new lesions.

*0% decrease or increase.
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ORR of 14% compares favorably with those observed with
VEGFR inhibitors (sorafenib, sunitinib) in both phase II and
phase III trials (ORR �3%) [6, 16, 17] and may be of clinical
value, notably for downstaging locally advanced tumors,
which may allow subsequent curative-intent therapies. En-
couraging ORRs, reaching 20%–25%, were obtained in phase
II trials in which bevacizumab was combined with cytotoxic
chemotherapy [18, 19] and with other targeted agents [20].
However, the relative contribution of bevacizumab in such tri-
als remains to be defined in future randomized studies.

To date, only one previous study investigated the efficacy
of single-agent bevacizumab in HCC patients. Siegel et al. [21]
reported an ORR similar to ours (13%), but a somewhat longer
PFS interval (median, 6.9 months), which is likely a result of
the fact that no patient with overt extrahepatic metastasis or in-
vasion of major blood vessels was included in their phase II
study, whereas such patients accounted for 53% and 35% of
patients, respectively, in ours. Additionally, they observed a
similar activity of bevacizumab regardless of the dose of bev-
acizumab used (5 mg/kg or 10 mg/kg), as in our study. How-
ever, the statistical power of our analysis was insufficient to
exclude a dose effect of bevacizumab in HCC patients.

Although cross-study comparisons should be made with
caution, the 14% ORR and the 42% 16W-DCR observed in our
study compare well with those observed with sorafenib in a
phase II study in which three patients (2.2%) achieved a PR,
eight patients (5.8%) had a minor response, and 46 patients

(33.6%) had SD (�16 weeks) [16]. Hence, our predefined end-
point of 65% might have been too ambitious. Additionally, the
poor prognostic features of our population (Child-Pugh class B
liver cirrhosis, 12%; extrahepatic metastases, 53%; prior
TACE or systemic therapy, 47%; CLIP score �3, 37%) may
account for this 16W-DCR as well as the median PFS and OS
times of 3 months and 8 months, respectively. In the sorafenib
phase II study [16], 28% of the patients had Child-Pugh class B
liver cirrhosis, but the incidence of extrahepatic disease and
CLIP score were not available. The fact remains that our sur-
vival data seem underwhelming in comparison with the
sorafenib phase II and III data [6, 16], suggesting other alter-
native explanations such as a transient effect of bevacizumab
on the tumor vasculature followed by rapid disease progres-
sion resulting from increased tumor hypoxia.

Bevacizumab monotherapy was generally safe and well
tolerated. Despite systematic pretreatment esophagogastro-
scopy and primary prophylaxis of grade �2 GEV bleeding
with �-blockers, three patients (7%) experienced grade 2–3
GEV-related hemorrhage, suggesting the possibility of a
higher risk for bleeding with bevacizumab, particularly in pa-
tients with large GEV before starting therapy. Previous phase
II trials of bevacizumab in HCC patients have reported severe
GEV-related bleeding events [18 –22]. However, this does
not seem to be a specific side effect of bevacizumab because
such events have also been described in phase II–III trials of
anti-VEGFR TKIs [7, 17, 23]. Otherwise, patients who have
cirrhosis, and consecutively portal hypertension, GEV, throm-
bocytopenia, and coagulopathy, have an estimated annual risk
for variceal bleeding of 5%–15% [24, 25]. Therefore, careful
patient selection for bevacizumab (or, more generally, antian-
giogenic) therapy in HCC patients should be based on system-
atic pretreatment endoscopic screening for GEV and more
aggressive prophylaxis of GEV bleeding (systematic banding
and/or sclerotherapy if grade �1), as well as a follow-up en-
doscopy showing successful treatment of GEV (until grade
�1) before allowing treatment administration.

As previously used in several phase II studies [21], we
chose the 16W-DCR as the primary endpoint that was likely to
be more accurate than the RECIST for assessing antiangio-
genic therapies in HCC patients [26]. Indeed, the RECIST
were recently shown to underestimate the true ORR and DCR
because they do not account for antiangiogenic therapies that
aim to achieve necrosis of the tumor, which may not be paral-
leled by tumor shrinkage [27]. Our study was designed before
the publication of the American Association for the Study of
Liver Disease–Journal of the National Cancer Institute guide-
lines for HCC that recommend ORR assessment be performed
using the new proposed modified RECIST for HCC [28]. Fi-
nally, our ORR based on the RECIST version 1.0 should be
considered as a conservative estimate and likely underoptimis-
tic. The clinical value of a �50% decrease in AFP level (63%
of patients in our study) remains to be demonstrated. In a sub-
study of this trial restricted to patients in whom at least one tar-
get liver lesion was evaluable by dynamic contrast-enhanced
ultrasonography, changes in tumor perfusion as early as 3 days
after bevacizumab administration were correlated with tumor

Figure 2. Kaplan-Meier estimates of overall survival and pro-
gression-free survival. (A): Progression-free survival probability.
(B): Overall survival probability.
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response at 2 months, which may therefore represent potential
surrogate measures of antiangiogenic activity in HCC patients
[29].

Our study is the first to explore CECs and CAFs in relation
to the activity of single-agent bevacizumab therapy in cancer
patients [30]. CECs are mature differentiated cells shed from
vessel walls, and high levels are observed in patients with vas-
cular disorders [31] and with cancer [32–34]. Changes in CEC
levels after bevacizumab therapy have been reported in pa-
tients with metastatic cancers [35, 36]. However, in most stud-
ies, bevacizumab was combined with chemotherapy,
rendering the analysis of specific pharmacodynamic markers
of bevacizumab impossible. We herein report that viable CEC
levels increased as early as 48 hours after bevacizumab admin-
istration in most patients. CEC detachment from vessel walls

could be caused by the withdrawal of free VEGF-A subsequent
to antibody blockade. High CEC values on day 15 were corre-
lated with the ORR, and the CEC level increase at day 15 from
baseline was correlated with the 16W-DCR. Although explor-
atory in nature, these findings suggest that CEC counts may be
potentially useful biomarkers of response to bevacizumab, and
possibly to other antiangiogenic therapies for HCC. The ex-
treme rarity of CECs and the lack of consensus on CEC surface
markers have led to a considerable debate on the most appro-
priate techniques to be used for CEC enumeration—most com-
monly, flow cytometry and immunomagnetic separation
followed by microscopic detection. Flow cytometry offers a
high degree of flexibility with the possibility of combining
multiple markers, allowing the identification of various CEC
subsets. Flow cytometry is, however, currently not standard-

Table 3. Levels of CECs and CAFs at baseline and day 3, day 15, and day 60

Marker

Median level (IQR) p-value for changea

Baseline Day 3 Day 15 Day 60
Baseline
to day 3

Baseline
to day
15

Baseline
to day
60

CECs, per mL 14 (4–26) 19 (8–39) 15 (6–21) 10 (5–15) .03 .54 .69

VEGF-A, pg/mL 522 (191–782) 6.5 (1.5–14) 21 (12–40) 26 (15–42) �.0001 �.0001 �.0001

sVEGFR-2, pg/mL 4,750 (4,200–5,650) 5,170 (4,540–6,230) 5,320 (4,260–5,870) 5,020 (3,950–5,780) �.0001 .10 .98

PlGF, pg/mL 22 (14–26) 30 (24–39) 32 (23–42) 39 (24–65) �.0001 �.0001 �.0001

MMP-2, ng/mL 258 (225–322) 259 (219–329) 257 (210–324) 297 (230–414) .71 .03 .02

MMP-9, ng/mL 757 (532–982) 731 (485–1,050) 696 (448–1,020) 680 (467–990) .78 .99 .94

IL-6, pg/mL 8 (8–24) 8 (8–26) 8 (8–24) 8 (8–28) .17 .001 .01

IL-8, pg/mL 80 (24–183) 60 (30–172) 67 (20–159) 61 (25–217) .89 .45 .04
aWilcoxon’s signed rank test.
Abbreviations: CAFs, cytokines and angiogenic factors; CECs, circulating endothelial cells; IL, interleukin; IQR,
interquartile range; MMP, matrix metalloproteinase; PlGF, placenta growth factor; sVEGFR-2, soluble VEGF receptor 2;
VEGF, vascular endothelial growth factor.

Table 4. Association between CEC and IL-8 levels and response

Time
point

CECs, per mL IL-8, pg/mL

OR 16W-DC OR 16W-DC

Median (IQR) Median (IQR) Median (IQR) Median (IQR)

PR SD PD p Yes No p PR SD PD p Yes No p

Baseline 21 (17–48) 18 (3–33) 11 (7–15) .24 16 (4–31) 11 (7–33) .73 47 (26–82) 51 (16–123) 117 (37–225) .19 31 (16–82) 117 (56–204) .01

Day 3 39 (12–71) 13 (7–22) 23 (6–53) .43 15 (9–41) 21 (6–40) 1.00 54 (39–61) 46 (17–126) 62 (28–167) .80 35 (17–61) 98 (47–172) .04

Day 15 24 (16–46) 15 (10–20) 6 (2–17) .04 18 (8–26) 14 (5–17) .09 40 (21–52) 55 (20–113) 79 (17–159) .52 25 (16–54) 101 (33–169) .02

Day 60 21 (17–48) 7 (4–15) 9 (6–13) .33 12 (2–15) 9 (5–15) .93 35 (22–47) 63 (32–209) 174 (61–265) .17 47 (21–65) 172 (61–265) .03

Baseline to
day 3
change

69 (15–88) �7 (�29–150) 60 (�10–229) .60 32 (�29–114) 50 (�25–200) .85 �10 (�34–154) 4 (0–22) �6 (�41–28) .72 0 (�34–14) 6 (�27–30) .82

Baseline to
day 15
change

35 (�26–100) 3 (�55–150) 60 (�80–15) .12 32 (�26–133) �50 (�72–15) .02 �38 (�42–17) 0 (�25–25) �16 (�49–3) .11 0 (�37–25) �16 (�42–22) .54

Baseline to
day 60
change

35 (�75–82) �51 (�73–33) 70 (�14–164) .17 �50 (�75–50) �12 (�35–31) .26 �20 (�48–13) 20 (0–216) 33 (�65–156) .17 0 (�22–194) 27 (�39–156) .97

p-values in bold font are statistically significant.
Abbreviations: 16W-DC, 16 week-disease control; CECs, circulating endothelial cells; IL-8, interleukin 8; IQR,
interquartile range; OR, objective response; PD, progressive disease; PR, partial response; SD, stable disease.
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ized, and achieving this goal is essential to clinically qualify
CECs as biomarkers. The assay used herein was developed in
accordance with recommendations for the identification of ex-
tremely rare events, including staining of a large volume of
whole blood (1 mL), the use of a viability marker, accumula-
tion of a large number of events (�5 � 106) to ensure statisti-
cal analysis, and a multiple gating strategy [14]. We recently
reported that CEC counts measured with the same cytometry
assay at baseline and after the first administration of bevaci-
zumab (plus chemotherapy) were correlated with the PFS time
and ORR, respectively, in patients with advanced colorectal
cancer [37]. Using flow cytometry, the shedding of nonviable
CECs after antivascular treatment—particularly in response to
metronomic chemotherapy known to induce antiangiogenic
effects—has been reported as being associated with a favor-
able outcome [38, 39]. Using the semiautomated immunomag-
netic separation-based CellSearch� technique (Veridex LLC,
Raritan, NJ), Bidard et al. [36] showed that an increase in CEC
levels during bevacizumab (plus chemotherapy) was corre-
lated with outcome in advanced breast cancer patients. Collec-
tively, these data suggest that CEC monitoring may help to
predict patient outcome during bevacizumab-based therapy in
patients with different tumor types. Obviously, our single-arm
study precludes any definite conclusion on the predictive value

of CECs. Furthermore, given the large number of analyses per-
formed, these results should be confirmed in a larger popula-
tion.

In accordance with phase I studies of bevacizumab [40],
but in contrast to a report from Willett et al. [35], we observed
that bevacizumab led to nearly complete trapping of free
plasma VEGF-A. We cannot exclude the possibility that the
methods used in our study to measure VEGF concentrations
may have impacted our results (e.g., the ELISA test or collec-
tion tubes). These discrepancies could be elucidated soon by
recently developed optimized ELISA tests that are able to de-
tect different VEGF-A isoforms and require stringent isolation
and storage procedures [41]. Nevertheless, this drop in free
plasma VEGF-A level, along with a concomitant increase in
sVEGFR-2 level, contrasts with changes observed with anti-
VEGFR TKIs, which induce the opposite effects (i.e., an in-
crease in plasma VEGF-A level and decrease in sVEGFR-2
level) [23]. These discrepancies suggest class-dependent ef-
fects of angiogenesis inhibitors on the kinetics of plasma
VEGF-A and sVEGFR-2 levels (online supplement Fig. S2).
Although not significant in multivariate models, plasma VEGF
has been shown to be a prognostic factor in HCC patients [42].
We found no correlation between the baseline level and kinet-
ics of VEGF-A and outcome, which is at variance with a phase
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Figure 3. Prognostic value of plasma interleukin (IL)-8 and IL-6 in patients with advanced hepatocellular carcinoma treated with be-
vacizumab. Overall (A) and progression-free (B) survival probabilities according to whether baseline plasma interleukin (IL)-8 levels
were �80 pg/mL or �80 pg/mL. Overall (C) and progression-free (D) survival probabilities according to whether baseline plasma IL-6
levels were �8 pg/mL or �8 pg/mL.
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II study of sunitinib in HCC patients [17] but consistent with
data from patients with other cancers [43]. In addition to the
different technologies used to measure VEGF discussed ear-
lier, the small number of patients and, alternatively, the fact
that this drop was observed in all our patients may explain
these discrepancies.

We found an association between a high IL-8 level at any
time point and a poor 16W-DCR. Furthermore, we found that
high pretreatment levels of IL-8 and IL-6 were associated with
shorter PFS and OS times, supporting the potential prognostic
value of these biomarkers in HCC patients treated with antian-
giogenic agents [23]. In a study of Zhu et al. [23], IL-6, IL-8,
and CECs were not found to be modulated by sunitinib, but
higher baseline plasma levels of IL-8 and IL-6 were correlated
with worse outcomes. The prognostic value of baseline IL-8
and IL-6 levels was also reported in a very recent phase II study
of thalidomide plus metronomic chemotherapy [44]. Con-
versely, IL-8 was the only serum cytokine not correlated with
the PFS outcome in a study of 30 patients treated with
sorafenib [45]. Although proposed mostly as a biomarker of
HCC development [46, 47], IL-6 has been inconsistently found
as a prognostic factor [48]. Emerging data have implicated in-
flammation and immune cells in promoting angiogenesis and
carcinogenesis in HCC [49]. IL-8 is a proinflammatory CXC
chemokine that promotes neutrophil chemotaxis and functions
as a potent proangiogenic mediator within the tumor environ-
ment [50]. A recent report in both the preclinical and clinical
settings demonstrated the implication of IL-8 in sunitinib ther-
apy resistance in patients with renal cell carcinoma, supporting
the concept that IL-8 levels might predict clinical response to
this agent [51]. Collectively, these results and ours suggest the
importance of proinflammatory pathways during anti-VEGF
therapy in HCC patients and the potential role of IL-8 as an
alternative angiogenic pathway capable of compensating anti-
VEGF inhibition in HCC patients refractory to bevacizumab.
Neuropilin and E-selectin, two markers of angiogenesis that
were recently reported to correlate with outcome in random-
ized trials of chemotherapy alone or plus bevacizumab in
breast cancer patients, should be investigated as potential pre-
dictive markers of response to VEGF inhibitors in HCC pa-
tients [52, 53].

In conclusion, bevacizumab has encouraging activity as a

single agent in patients with advanced HCC and is relatively
well tolerated. However, in light of a previous phase III study
of sorafenib [6], our data do not allow us to claim that bevaci-
zumab alone versus sorafenib should be the appropriate com-
parison in further phase III studies. Moreover, the recent
failure of sunitinib [54] questions the relevance of blocking an-
giogenesis alone in advanced HCC treatment. Therefore, bet-
ter survival outcomes resulting from dual inhibition of
angiogenesis together with other pathways involved in HCC
may be achieved using several promising combinations of tar-
geted therapies. Some of these were assessed in a phase II trial
[20], whereas others are currently under investigation in a
phase III study. Furthermore, our data allow clarification of the
roles of CAFs and CECs induced by single-agent bevacizumab
therapy. Further investigation into the possible roles of CECs,
IL-6, and IL-8 as biomarkers of bevacizumab activity is war-
ranted. Finally, our data suggest that inhibiting IL-6 and IL-8
signaling might be of potential therapeutic interest in this dis-
ease.
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