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ABSTRACT

Introduction: Although sorafenib is the upfront standard of care for advanced hepatocellular carcinoma (HCC),
molecular predictors of efficacy have not been identified yet. In the ALICE-1 study, rs2010963 of VEGF-A and
VEGF-C proved to be independent predictive factors for progression-free survival (PFS) and overall survival (OS)
in multivariate analysis. The ALICE-1 study results were confirmed in the ALICE-2 study, in which VEGF and VEGFR
SNPs were analyzed. In the ePHAS study we analyzed the SNPs of eNOS. In univariate analysis, patients homozy-
gous for an eNOS haplotype (HT1: T-4b at eNOS-786/eNOS VNTR) had significantly shorter median PFS and OS
than those with other haplotypes. These data were confirmed in the validation set.

Methods: This nonpharmacological, interventional, prospective multicenter study aims to determine whether
eNOS, HIF-1, VEGF, Ang2 and VEGFR polymorphisms play a role in predicting the objective response rate, PFS,
and OS of advanced HCC patients treated with sorafenib. The study will involve 160 advanced HCC patients with

Accepted: July 12, 2017
Published online: December 13, 2017

Corresponding author:

Andrea Casadei Gardini

Department of Medical Oncology
Istituto Scientifico Romagnolo per lo
Studio e Cura dei Tumori (IRST) IRCCS
Via Piero Maroncelli, 40

47121 Meldola (Forli-Cesena), Italy
andrea.casadei@irst.emr.it

© 2017 Wichtig Publishing W



Validation of angiogenesis polymorphisms in HCC patients

2
Child-Pugh class A disease. The primary aim is to validate the prognostic or predictive roles of eNOS, Ang2, HIF-1,
VEGF and VEGFR polymorphisms in relation to the clinical outcome (PFS) of HCC patients treated with sorafenib.
Conclusions: Overall, our data may suggest that polymorphism analysis of the VEGF, VEGFR-2, HIF and eNOS
genes can identify HCC patients who are more likely to benefit from sorafenib.
Keywords: Hepatocellular carcinoma, Sorafenib, Biomarkers, Trial, VEGF, eNOS

Introduction

Molecular predictors of sorafenib efficacy have not yet
been identified (1-5). Sorafenib is a multikinase inhibitor act-
ing on vascular endothelial growth factor (VEGF) receptors
and platelet-derived growth factor receptor beta (PDGFR-B),
which are involved in tumor cell proliferation and tumor an-
giogenesis (6). Data have suggested that hepatocellular carci-
noma (HCC) is dependent on angiogenesis (7) and VEGF is an
important pathway in hepatocarcinogenesis (7).

In the ALICE-1 study (8), in univariate analysis VEGF-A alleles
C of rs25648, T of rs833061, C of rs699947, C of rs2010963,
VEGF-C alleles T of rs4604006, G of rs664393, VEGFR-2 alleles
C of rs2071559 and C of rs2305948 were significant predic-
tors of progression-free survival (PFS) and overall survival (OS).
In multivariate analysis, allele C of rs2010963 and allele T of
rs4604006 of VEGF-A proved to be independent factors influ-
encing both PFS and OS.

Hypoxia-inducible factor (HIF)-1a plays a role in tumor
angiogenesis and its overexpression is correlated with tumor
angiogenesis, invasion, metastasis, treatment resistance and
poor prognosis (7). In the ALICE-2 study (9), single nucleotide
polymorphisms (SNPs) of HIF-1a were analyzed. In particular,
the GG genotype of rs12434438 characterized a population
with a particularly poor outcome regardless of the clinical
effect of either VEGF SNP (PFS: 2.6 months, p<0.0001; OS:
6.6 months, p<0.0001).

Sorafenib inhibits VEGF receptor 2 (VEGFR-2), resulting in
decreased endothelium-derived nitric oxide synthase (eNOS)
and lower production of nitric oxide (NO). NO seems to play a
proangiogenic role in tumor angiogenesis (10-13).

In the ePHAS study (14), a training cohort of 41 HCC pa-
tients and a validation cohort of 87 patients receiving sorafenib
were analyzed. At univariate analysis, patients homozygous
for an eNOS haplotype (HT1: T-4b at eNOS-786/eNOS VNTR)
had significantly shorter median PFS (2.6 vs. 5.8 months,
p<0.0001) and OS (3.2 vs.14.6 months, p = 0.024) than those
with other haplotypes. These data were confirmed in the vali-
dation set for median PFS (2.0 vs. 6.7 months, p<0.0001) and
0S (6.4 vs.18.0 months, p<0.0001).

On the basis of these preliminary results, our aim is to
validate in a prospective study the potential role of eNOS,
VEGF, VEGFR, HIF-1 and Ang2 polymorphisms in patients with
HCC treated with sorafenib (15).

Methods

This nonpharmacological, interventional, prospective mul-
ticenter study is aimed at determining whether eNOS, HIF-1,
VEGF, Ang2 and VEGFR polymorphisms play a role in predicting
the objective response rate, PFS and OS of advanced HCC pa-
tients treated with sorafenib. The study will involve 160 patients.

W

The primary aim of the study is to validate the prognostic
or predictive roles of eNOS, Ang2, HIF-1, VEGF and VEGFR
polymorphisms in relation to the clinical outcome (PFS) of
HCC patients treated with sorafenib; its secondary aim is to
verify the prognostic value of eNOS, Ang2, HIF-1, VEGF and
VEGFR polymorphisms in relation to clinical outcome (0OS)
and the basal level of lactate dehydrogenase, blood pres-
sure, MELD, Ang2 plasma levels, VEGF and Ang2 in relation
to the clinical outcome (PFS and OS) of HCC patients treated
with sorafenib.

Study population

The study population consists of patients with advanced
stage HCC and patients with intermediate HCC who are in-
eligible for locoregional treatments (surgical resection, per-
cutaneous ablation, transarterial chemoembolization) or liver
transplantation.

The inclusion criteria are as follows:

1. HCCdiagnosed according to the AASLD and/or EASL criteria

2. Age>18years

3. Eastern Cooperative Oncology Group (ECOG) perfor-
mance status score <2

4. Child-Pugh liver function class A

5. Life expectancy 212 weeks

6. Adequate hematological function

7. Patients are required to have at least 1 untreated tar-

get lesion measurable in 1 dimension, according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1

8. Concomitant antiviral systemic therapy is allowed. Patients
are excluded if they have previously received molecularly
targeted therapies or any other systemic treatment

9. Resolution of all acute toxic effects of any prior local
treatment according to the National Cancer Institute
(NCI) Common Terminology Criteria for Adverse Events
(CTCAE) version 4.03 grade <2.

The exclusion criteria are as follows:

1. Previous or concurrent cancer that is distinct in primary
site or histology from HCC, except for cervical carcinoma
in situ, treated basal cell carcinoma, and superficial blad-
der tumors. Any cancer curatively treated >3 years prior
to entry is permitted

2. Patients eligible for curative treatments (transplantation,
surgical resection, percutaneous treatment)

3. Renalfailure requiring hemodialysis or peritoneal dialysis

4. Presence of recent (<6 months) or current cardiac failure
(class II, Il or IV NYHA classification), baseline LVEF <LLN
by either cardiac ultrasound or cardiac scintigraphy; recent
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(<6 months) acute coronary syndrome, clinically signifi-
cant ECG abnormalities or recent (<6 months) acute vas-
cular diseases (stroke, myocardial infarction, etc.); active
clinically serious infections grade >2 (CTCAE version 4.03)

5. Known history of human immunodeficiency virus (HIV)
infection

6. Known central nervous system tumors including meta-
static brain disease

7. Clinically significant gastrointestinal bleeding within
30 days prior to study entry.

Ethics approval

The IRST-IRCCS-AVR ethics committee approved the study
(approval number 1524).

Sample collection

Blood samples will be collected from each patient at base-
line, 14 days after sorafenib, 28 days after sorafenib, 60 days
after sorafenib and at the time of disease progression. For
each patient we will collect 1 sample tube (3 mL of blood)
containing EDTA, 1 sample tube (5 mL of blood) without anti-
coagulant, and 1 sample tube (2.5 mL of blood) of PAXgene.

Sample evaluation

All genotyping analyses will be performed using DNA
extracted from corpuscular components of whole blood.
Genomic DNA will be extracted from 200 pL of corpuscular
components by a QlAamp DNA Minikit (Qiagen) according
to the manufacturer’s instructions. DNA quantity and quality
will be assessed with a NanoDrop 1000 spectrophotometer
(Celbio). DNA will be extracted at our center (Biosciences
Laboratory at IRST, Meldola, Italy).

Genotyping analyses of eNOS and Ang2 will be performed
at the Biosciences Laboratory at IRST, while HIF-1, VEGF and
VEGFR genes will be analyzed at the University of Cagliari.

Genotyping analyses of eNOS-786 will be performed by
TagMan technology using SNP genotyping assays. Polymerase
chain reaction (PCR) will be performed and genotypes will be
analyzed on the 7500 Real-Time PCR System (Applied Biosys-
tems) using the 7500 software, version 2.3. PCRs will be per-
formed starting from 20 ng of genomic DNA.

eNOS intron 4 VNTR and Ang2 polymorphisms will be
instead determined by standard PCR and direct sequencing
analysis on an ABI 3130 Genetic Analyzer (Applied Biosys-
tems). The PCR conditions and primer sequence for eNOS
VNTR were reported in our previous study (16). We will
choose the most interesting Ang2 polymorphisms after the
results of the retrospective study.

Analysis of the HIF-1, VEGF and VEGFR genes will be per-
formed by TagMan technology using an SNP genotyping assay
(Applied Biosystems). PCR will be performed and genotypes
will be analyzed on the 7300 Real-Time PCR System (Applied
Biosystems) using the ABI Prism 7300 Sequence Detection
System software (version 1.3.1; Applied Biosystems). Each
reaction will contain 0.2 ul of total genomic DNA. Laboratory
personnel blinded to patient status will perform the genotyp-
ing and a random 10% of the samples will undergo repeat
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genotyping to validate the genotyping procedures. All geno-
typed SNPs will have to present an overall call rate of 290% to
be included in our analysis.

The plasma/serum levels of HIF-1 and VEGF will be mea-
sured by enzyme-linked immunosorbent assay (ELISA).

Blood mRNA will be extracted with a PAXgene blood RNA
kit (PreAnalytiX-Qiagen). mRNA will be treated with DNAse |
(Qiagen) and reverse transcribed using the iScript cDNA Syn-
thesis Kit (Bio-Rad). Real-time PCR will be performed using
the 7500 Applied Biosystems and Tagman assay chemistry.

Study monitoring

The principal investigator (Pl) agrees to perform the study
in accordance with ICH Good Clinical Practice and to provide
all information requested in the case report form/study da-
tabase, in an accurate manner according to the instructions
provided. The Pl has responsibilities to the health authorities
to take all reasonable steps to ensure the proper conduct of
the study as regards ethics, protocol adherence, integrity and
validity of the data recorded on the case report forms/study
database. According to the guidelines on ICH Good Clinical
Practice, the trial monitoring aim is to check subject informed
consent and the study database entries against the source
documents. Trial staff will check data for compliance with the
protocol, data consistency, missing data and timing. The PI
will be sent requests for missing data or clarification of incon-
sistencies or discrepancies.

Statistical considerations
Population size

On the basis of the results obtained from our previous
studies, we assume a 0.50 prevalence of the polymorphisms
to be validated. When the sample size in each group is 80 (160
total sample size), an exponential maximum likelihood test of
equality of survival curves with a 0.05 2-sided significance
level will have 90% power to detect the difference between
a group 1 exponential parameter, A, of 0.1155 (median PFS of
6 months) and a group 2 exponential parameter, A, of 0.198
(median PFS of 3.5 months) (a constant hazard ratio of 0.58).
Patient enrolment will take about 24 months. We will consid-
er a follow-up period of at least 12 months for each patient.

Data analysis

A specific database will be created to prospectively collect
personal, clinical, histological, and treatment data.

PFS is intended as the time from entry into the study to
first observation of documented disease progression or death
due to any cause, whichever occurs first. Patients without
tumor progression at the time of analysis will be censored at
the time of their last tumor evaluation. OS is defined as the
observed length of life from study entry to death of any cause
or date of last contact with patients lost to follow-up. OS and
95% confidence intervals will be estimated with the Kaplan-
Meier product-limit method. Further analyses of PFS/OS will
be performed using a multivariable Cox model in which gen-
der, age, center and other prognostic factors will be entered
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as covariates. All tests will be 2-sided at a significance level of
0.05. No interim analyses are planned.

Conclusions

Sorafenib represents the standard of care for HCC but
molecular predictors of efficacy have not yet been identified.
Overall, our previous findings indicate that polymorphism
analysis of the VEGF, VEGFR-2, HIF and eNOS genes may rep-
resent a valuable asset to better identify those HCC patients
who are more likely to benefit from sorafenib treatment. The
aim of our large multicenter study is to prospectively validate
these observations.
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PCR Polymerase chain reaction
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SNP Single nucleotide polymorphism

VEGF Vascular endothelial growth factor

VEGFR  Vascular endothelial growth factor receptor

Disclosures

Financial support: None.
Conflict of interest: The authors have no conflict of interest to declare.
Trial registration: Clinical trial NCT02786342, version 1.1

References

1. Llovet JM, Ricci S, Mazzaferro V, et al. SHARP Investigators
Study Group. Sorafenib in advanced hepatocellular carcinoma.
N Engl J Med. 2008;359(4):378-390.

2. Llovet JM, Pefia CE, Lathia CD, Shan M, Meinhardt G, Bruix J;
SHARP Investigators Study Group. Plasma biomarkers as pre-
dictors of outcome in patients with advanced hepatocellular
carcinoma. Clin Cancer Res. 2012;18(8):2290-2300.

10.

11.

12.

13.

14.

15.

16.

Validation of angiogenesis polymorphisms in HCC patients

Casadei Gardini A, Marisi G, Scarpi E, et al. Effects of metformin
on clinical outcome in diabetic patients with advanced HCC
receiving sorafenib. Expert Opin Pharmacother. 2015;16(18):
2719-2725.

Casadei Gardini A, Scarpi E, Marisi G, et al. Early onset of hy-
pertension and serum electrolyte changes as potential predic-
tive factors of activity in advanced HCC patients treated with
sorafenib: results from a retrospective analysis of the HCC-AVR
group. Oncotarget. 2016;7(12):15243-15251.

Faloppi L, Scartozzi M, Bianconi M, et al. The role of LDH serum
levels in predicting global outcome in HCC patients treated
with sorafenib: implications for clinical management. BMC
Cancer. 2014;14(1):110.

Wilhelm SM, Adnane L, Newell P, Villanueva A, Llovet JM,
Lynch M. Preclinical overview of sorafenib, a multikinase inhib-
itor that targets both Raf and VEGF and PDGF receptor tyrosine
kinase signaling. Mol Cancer Ther. 2008;7(10):3129-3140.
Carmeliet P, Jain RK. Angiogenesis in cancer and other diseas-
es. Nature. 2000;407(6801):249-257.

Scartozzi M, Faloppi L, Svegliati Baroni G, et al. VEGF and VEG-
FR genotyping in the prediction of clinical outcome for HCC
patients receiving sorafenib: the ALICE-1 study. Int J Cancer.
2014;135(5):1247-1256.

Faloppi L, Casadei Gardini A, Masi G, et al. Angiogenesis poly-
morphisms profile in the prediction of clinical outcome of ad-
vanced HCC patients receiving sorafenib: combined analysis
of VEGF and HIF-1a. Final results of the ALICE-2 study. J Clin
Oncol. 2016;34(4_suppl):280.

Merkus D, Sorop O, Houweling B, Boomsma F, van den Mei-
racker AH, Duncker DJ. NO and prostanoids blunt endothelin-
mediated coronary vasoconstrictor influence in exercising
swine. Am J Physiol Heart Circ Physiol. 2006;291(5):H2075-
H2081.

Wiley KE, Davenport AP. Physiological antagonism of endothe-
lin-1 in human conductance and resistance coronary artery. Br
J Pharmacol. 2001;133(4):568-574.

Kappers MH, van Esch JH, Sluiter W, Sleijfer S, Danser AH,
van den Meiracker AH. Hypertension induced by the tyrosine
kinase inhibitor sunitinib is associated with increased circulat-
ing endothelin-1 levels. Hypertension. 2010;56(4):675-681.
Kappers MH, Smedts FM, Horn T, et al. The vascular endo-
thelial growth factor receptor inhibitor sunitinib causes a
preeclampsia-like syndrome with activation of the endothelin
system. Hypertension. 2011;58(2):295-302.

Casadei Gardini A, Marisi G, Faloppi L, et al. eNOS polymor-
phisms and clinical outcome in advanced HCC patients receiv-
ing sorafenib: final results of the ePHAS study. Oncotarget.
2016;7(19):27988-27999.

Journal of Hepatology, Volume 64, Issue 2, Supplement, April
2016, pages S213-5424.

Marisi G, Passardi A, Calistri D, Zoli W, Amadori D, Ulivi P. Dis-
crepancies between VEGF -1154 G>A polymorphism analysis
performed in peripheral blood samples and FFPE tissue. Int J
Mol Sci. 2014;15(8):13333-13343.

© 2017 Wichtig Publishing



