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Abstract
Background  Sorafenib represents one of the therapeutic strongholds for advanced hepatocellular carcinoma (HCC), but 
unfortunately, predictive factors are lacking. We previously reported that the VEGF single nucleotide polymorphisms (SNPs) 
rs2010963 and rs4604006 might correlate with clinical outcomes in sorafenib-treated HCC patients.
Objective  The objective of the ALICE-2 study is to define a prognostic angiogenesis profile to better identify HCC patients 
who are more likely to benefit from sorafenib treatment.
Patients and methods  From 2008 to 2015, all consecutive HCC patients receiving sorafenib according to the Italian label 
were tested for specific HIF-1α, VEGF, and VEGFR SNPs. Results from angiogenesis genotyping were then correlated with 
clinical outcome parameters.
Results  Globally, a total of 210 patients were enrolled. At multivariate analysis rs12434438 of HIF1α, rs2010963 of VEGF-A, 
and rs4604006 of VEGF-C were confirmed as independent predictive factors. At the combined analysis of significant SNPs, 
the presence of two favourable alleles of rs2010963 and rs4604006 of VEGF compared to only one or to none favourable 
alleles, was able to identify three separate patients populations with different time-to-progression (TTP) (10.8 vs. 5.6 vs. 
3.7 months, respectively; p < 0.0001) and overall survival (OS) (19.0 vs. 13.5 vs. 7.5 months, respectively; p < 0.0001). Fur-
thermore, the presence of the GG genotype of rs12434438 (HIF-1α) seemed able to select a population with a particularly 
poor outcome, independently from the clinical effect of the two VEGF SNPs (TTP: 2.6 months, HR: 0.54, p = 0.0374; OS: 
6.6 months, p = 0.0061, HR: 0.43).
Conclusions  Our findings show that polymorphism analysis of HIF-1α, VEGF, and VEGFR genes may represent a prognostic 
panel to better identify HCC patients who are more likely to benefit from sorafenib treatment.

1  Introduction

Over the last few years, the growing knowledge of molecu-
lar mechanisms regulating the onset and neoplastic progres-
sion of hepatocellular carcinoma (HCC) has been applied to 
the development of anticancer treatment strategies directed 

against new and more specific biological targets [1, 2]. Fol-
lowing the positive results of the SHARP [3] and the Asia 
Pacific trials [4], sorafenib, a multitarget tyrosine-kinase 
inhibitor (TKI) [2], was approved by regulatory authori-
ties for the treatment of advanced HCC patients worldwide. 
Sorafenib has since then been considered the standard of 
care for first-line therapy of HCC patients who are Barcelona 
Clinic Liver Cancer (BCLC) advanced or intermediate, and 
refractory to locoregional therapy.

Sorafenib targets the RAF serine/threonine kinases 
(A-RAF, B-RAF, C-RAF) and inhibits tyrosine kinase 
receptors, such as vascular endothelial growth factor recep-
tor (VEGFR) 2, VEGFR 3, platelet-derived growth factor 
receptor-β (PDGFR-β), Flt3, and c-Kit [5, 6]. The inhibition 
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of VEGFR and PDGFR, mainly responsible for the antian-
giogenic effect, is a crucial driver of the therapeutic activity 
of sorafenib. Unfortunately, not all patients seem to benefit 
from this treatment and are thus exposed to unnecessary tox-
icities without deriving any clinical improvement. Recently, 
several additional systemic treatment options have been tri-
alled and approved in the first- and later-line treatment of 
HCC [7–18] (Table 1). Against this background, clinical 
or biological markers able to identify responding/resistant 
patients are an unmet medical need.

To date, many studies have investigated the role of dif-
ferent predictive factors for sorafenib efficacy. Besides its 
off-target effects and the Barcelona Clinic Liver Cancer 
stage, the most interesting data are arising from the analy-
sis of the tumour-driven angiogenesis process, which is one 
of the main biological features of HCC [19]. Angiogenesis 
is largely regulated by cellular signalling mediated by the 
vascular endothelial growth factor (VEGF) and its recep-
tors, VEGFR1 and VEGFR2, which are also the major thera-
peutic targets of sorafenib [20, 21]. In this context, hypoxia 
inducible factors (HIFs) seem to play a leading role as well. 
The HIF-family includes different transcriptional regula-
tors that are sensitive to cellular oxygen levels. HIF-1 is 
the major HIF isoform in humans, and it has the ability to 
promote the transcription of a wide range of target genes 
involved in neoangiogenesis, glucose metabolism, cell pro-
liferation and apoptosis [22]. The molecular structure of 
HIF-1 comprises two subunits: HIF-1α, which is sensitive 
to low oxygen levels, and HIF-1β, which is constitutively 
expressed [23]. Preclinical data indicated that VEGF is one 
of the major target genes influenced by HIF-1α. These find-
ings also showed a correlation between HIF-1α and HCC 
through the activation of tumour-induced angiogenesis [24].

We previously presented the results of the ALICE-1 
study [25], which evaluated the role of VEGF and VEGFR 
polymorphisms in determining the clinical outcome of HCC 
patients receiving sorafenib. In this study, the C allele of 
rs2010963 (VEGF-A) and the T allele of rs4604006 (VEGF-
C) showed significant correlation with time-to-progression 

(TTP) and overall survival (OS) among 148 HCC patients 
receiving sorafenib.

Based on these findings, we conducted the present study 
with the aim of defining a prognostic angiogenesis profile to 
better identify HCC patients who are more likely to benefit 
from sorafenib treatment. The aim of the ALICE 2 study was 
then to ascertain whether HIF-1α single nucleotide polymor-
phisms (SNPs) along with VEGF and VEGFR SNPs might 
have a role in influencing the global outcome of advanced 
HCC patients receiving sorafenib.

2 � Methods

2.1 � Aim of the Study and Outcome Measures

The aim of the present analysis was to evaluate the role of 
HIF-1α, VEGF, and VEGFR SNPs in predicting the clinical 
outcome of HCC patients treated with sorafenib. The pri-
mary endpoint was TTP (as defined in the Statistical Analy-
sis section). The secondary endpoints were OS (as defined in 
the Statistical Analysis section) and objective response rate.

2.2 � Patient Selection

ALICE-2 (Angiogenesis LIver CancEr 2) was a retrospective 
multicentre study conducted in eight centres in Italy. From 
2008 to 2015 all consecutive patients with advanced HCC 
or intermediate stage HCC refractory to or unsuitable for 
locoregional therapies, either histologically proven or diag-
nosed according to the American Association for the Study 
of Liver Diseases 2005 (AASLD) guidelines and receiving 
sorafenib according to the Italian label were eligible for our 
analysis.

The study was performed in accordance with the study 
protocol, which was approved by the local ethics commit-
tee (Comitato Etico della Romagna—C.E.ROM.) along 
with all experimental procedures. Written informed con-
sent was obtained for all patients enrolled into the analysis 

Table 1   Recent clinical trials for new therapeutic options in advanced hepatocellular carcinoma

Drug Treatment line Phase of study References

Lenvatinib First line III [7]
Regorafenib Second line after sorafenib III [8]
Cabozantinib Second and third line after sorafenib III [9]
Ramucirumab Second line after sorafenib III [10]
Nivolumab First line III [11, 12]
Pembrolizumab Second line III [13]
Capecitabine Second line Retrospective [15]
Nivolumab First line and further lines/all lines I/II dose escalation and expansion [18]
Pembrolizumab Second line after sorafenib II [19]
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and methods were carried out in accordance with the Dec-
laration of Helsinki.

Follow-up consisted of physical examination and 
complete blood count every 3 weeks and CT/MRI scan 
every 8 weeks or as clinically indicated. Tumour response 
was evaluated by clinicians according to the modified 
Response Evaluation Criteria in Solid Tumours (mRE-
CIST). All patients received sorafenib at a standard dose 
(400 mg twice daily continuously). According to the Euro-
pean Medical Agency (EMA) sorafenib technical summary 
and to the manufacturer’s instructions, dose reductions 
were applied as clinically indicated. Two levels of dose 
reduction were considered, 400 mg once daily as the first 
level and a single 400-mg dose every other day as the 
second level. In case of toxicity (grade 2 with no improve-
ment after symptomatic therapy and grade 3) sorafenib 
was discontinued until toxicity resolved to grade 0–1 then 
the treatment was resumed applying the first level of dose 
reduction. If toxicity persisted after the first dose reduc-
tion, the second level was applied. Permanent interruption 
was considered in grade 4 toxicities. Toxicity was evalu-
ated with the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE).

2.3 � Genotyping Analysis

HIF-1α, VEGF and VEGFR genotyping was performed 
using DNA extracted from formalin-fixed paraffin-
embedded liver tissue blocks (about 30 mg) of HCC or 
from blood samples. For tissue blocks, paraffin wax was 
removed with xylene and the samples were washed twice 
with 100% ethanol. DNA was isolated from the deparaffin-
ised tissue using the RecoverAll™ Total Nucleic Acid Iso-
lation Kit for FFPE Tissues (Applied Biosystems, Foster 
City, CA, USA), according to the manufacturer’s instruc-
tions. DNA from each sample was then eluted in 120 μl of 
eluting solution. For blood samples, genomic DNA was 
extracted from 2 ml of whole blood by FlexiGene DNA 
kit (Qiagen Inc., Valencia, CA, USA), following the manu-
facturer’s instructions. Concentration and purity index of 
each sample were evaluated by UV spectrophotometry as 
the ratio absorbance 260/280 nm; a purity index of 1.5–2.0 
was considered optimal.

Single nucleotide polymorphisms within each gene 
were selected using the Pupasuite software (http://pupas​
uite.bioin​fo.cipf.es/index​.jsf—version 2.0.0. bioinfo 
2008), the CIPF (Centro de Investigacion Principe Felipe) 
Single Nucleotide Polymorphism database (dbSNP) gener-
ated by the National Centre for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/SNP) and by review of the 
medical literature, using the following criteria:

1.	 The polymorphism had some degree of likelihood to 
alter the structure or the expression of the gene in a bio-
logically relevant manner (i.e. affecting its sequence, 
3′-untranslated region (UTR), or promoter region);

2.	 the minor allele frequency was above 10% (with the only 
exception of rs2305948, rs6877011, and rs307822);

3.	 the genetic polymorphism was established and well 
documented.

Further considerations led the selection of SNPs for our 
study. A correlation between the presence of a specific allele 
on a polymorphic site and the expression of the respective 
protein has been previously documented for VEGF [26, 27].

SNPs regulatory sequences, including introns, 5′- and 
3′-UTR, have been demonstrated to influence mRNA sta-
bility, elaboration efficiency, expression and location of the 
isoform. Moreover, regulatory sequences in mRNA 3′-UTR 
were shown to influence the messenger stability and/or its 
translational efficiency. In this way, we can suppose that 
SNPs in these sequences can influence genic expression. 
Globally, we hypothesized that selected SNPs can impact 
on protein expression and thus on the biological function.

Selected SNPs, chromosomal locations, positions, and 
biological effects are summarised in Table 2.

SNP genotyping was performed by TaqMan technology, 
using a SNP genotyping assay (Applied Biosystems). Poly-
merase chain reaction (PCR) was performed and genotypes 
were analysed on the 7300 Real-Time PCR System (Applied 
Biosystems) using ABI Prism 7300 Sequence Detection 
System software (version 1.3.1, Applied Biosystems). Each 
reaction contained 0.2 μl of total genomic DNA. Laboratory 
personnel blinded to patient status performed genotyping, 
and a random 10% of the samples were repeated to validate 
genotyping procedures. All SNPs genotyped had to present 
an overall call rate of ≥ 90% to be included in our analysis.

2.4 � Data Management and Statistical Analysis

In order to detect a difference in the effect size (hazard ratio) 
with statistical significance in the proportion of patients 
without disease progression at 6 months according to geno-
typing and assuming a 6 months TTP of 45% in the sorafenib 
population and ≥ 70% as a target, at least 96 patients were 
necessary with α = 0.05 and β = 0.05. A p value < 0.05 was 
considered statistically significant. Statistical analysis was 
performed with MedCalc software version 13.1.2 for Win-
dows. The association between categorical variables was 
estimated by χ2 test. Survival probability over time was esti-
mated by the Kaplan–Meier method. Significant differences 
in probability of survival between the strata were evaluated 
by log-rank test. Cox’s multiple regression analysis was used 
to assess the role of polymorphisms as prognostic factor 
adjusted for those variables resulted significant at univariate 

http://pupasuite.bioinfo.cipf.es/index.jsf
http://pupasuite.bioinfo.cipf.es/index.jsf
http://www.ncbi.nlm.nih.gov/SNP
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analysis. The Bonferroni correction was used to adjust the 
values for multiple comparisons.

After a literature review, including in particular the 
registration trials [3, 4] we selected and tested the follow-
ing variables: gender (male vs. female), median age (≥ 69 
vs. < 69 years), BCLC (Barcelona Clinic Liver Cancer) 
stage (B vs. C), aetiology (HCV vs. HBV vs. alcoholic vs. 
cryptogenic/metabolic vs. multiple aetiology), co-morbid-
ities (> 5%: cardiovascular vs. diabetes vs. other previous 
neoplasm), serum α-FP level (≥ 400 ng/ml vs. < 400 ng/
ml), type of samples (tumour tissues vs. peripheral blood), 
sorafenib dose reduction applied (yes vs. no), prior loco-
regional transarterial chemoembolisation (TACE) treat-
ments (yes vs. no), major target lesion diameter (> 5 cm 
vs. ≤ 5 cm), portal invasion (yes vs. no), extrahepatic 
spread (yes vs. no), metastatic site (lymph nodes vs. lung 
vs. bone vs. peritoneum), Child–Pugh class (A5 vs. A6), 
aspartate transaminase (AST) serum level (< upper nor-
mal limit (UNL) vs. < 2 × UNL), alanine transaminase 
(ALT) serum level (< UNL vs. < 2 × UNL), overall tox-
icity profile (no toxicity vs. any grade); (no toxicity vs. 

grade 1–2 vs. grade > 2); skin toxicity (no toxicity vs. any 
grade), (no toxicity vs. early onset < 1 months vs. late 
onset > 1 months), Japan Red Cross (JRC) prognostic score 
(low risk vs. intermediate risk vs. high risk), hepatoma 
arterial embolisation prognostic (HAP) score (A vs. B vs. 
C vs. D).

For statistical analysis, OS and TTP were respectively 
defined as the interval between the date of beginning 
of sorafenib treatment to death or last follow-up visit, 
and to clinical progression or last follow-up visit if not 
progressed.

The DCR was defined as the percentage of patients who 
had a best response rating of complete response, partial 
response or stable disease (according to mRECIST).

All genetic polymorphisms were examined for deviation 
from Hardy–Weinberg equilibrium using the Powermarker 
v. 3.25 package (www.statg​en.ncsu.edu/power​marke​r) [28]. 
Linkage Disequilibrium (LD) analysis was also performed 
using the Powermarker v. 3.25 package. LD was estimated 
using r2, with r2 = 1 indicating complete LD and r2 = 0 indi-
cating absent LD.

Table 2   Chromosome, positions and biological effect of studied single nucleotide polymorphisms (SNPs)

ESE Exon Splicing Enhancer, N-Syn non-synonymous coding, Prom promoter region, Syn synonymous substitution, TFBS Predicted Transcrip-
tion Factor Binding Site, 3′-UTR​ 3′- untranslated region, 5′-UTR​ 5′-untranslated region

SNP ID Gene Chr Chr. position Position in the gene/Effect Codon exchange aa. exchange

rs11549465 HIF-1α 14 62207557 N-Syn – P582S C– > T
rs11549467 HIF-1α 14 62207575 N-Syn – A588T G– > A
rs2057482 HIF-1α 14 62213848 3′-UTR​ – –
rs1951795 HIF-1α 14 62171426  Intronic – –
rs2301113 HIF-1α 14 62206548 Intronic – –
rs10873142 HIF-1α 14 62203462 Intronic – –
rs11158358 HIF-1α 14 62198954 Intronic – –
rs12434438 HIF-1α 14 62197298 Intronic – –
rs10434 VEGF-A 6 43753212 3′-UTR​ – –
rs2010963 VEGF-A 6 43738350 5′-UTR​ – –
rs25648 VEGF-A 6 43738977 Syn; ESE TCC TCT​ S [Ser] S [Ser]
rs3025039 VEGF-A 6 43752536 3′-UTR​ – –
rs699947 VEGF-A 6 43736389 Prom – –
rs833061 VEGF-A 6 43737486 Prom – –
rs4604006 VEGF-C 4 177608775 Intronic – –
rs7664413 VEGF-C 4 177608707 Intronic – –
rs664393 VEGFR-1 FLT1 13 29071001 3′-UTR​ – –
rs7993418 VEGFR-1 FLT1 13 28883061 Syn; ESE TAC TAT​ Y [Tyr] Y [Tyr]
rs1870377 VEGFR-2 KDR 4 55972974 Missense CAA CAT​ Q [Gln] H [His]
rs2071559 VEGFR-2 KDR 4 55992366 Init. Transcription – –
rs2305948 VEGFR-2 KDR 4 55979558 Missense GTA ATA​ V [Val] I [Ile]
rs7667298 VEGFR-2 KDR 4 55991731 5′-UTR​ – –
rs307805 VEGFR-3 FLT4 5 180077487 Prom; TFBS – –
rs6877011 VEGFR-3 FLT4 5 180029471 3′-UTR​ – –
rs307822 VEGFR-3 FLT4 5 180028717 3′-UTR​ – –

http://www.statgen.ncsu.edu/powermarker
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3 � Results

3.1 � Patient Characteristics

From 2008 to 2015, 210 Caucasian patients diagnosed with 
HCC and receiving sorafenib were available for our analy-
sis: 178 males (85%) and 32 females (15%); median age at 
diagnosis was 69 years (range 41–86). The median follow-up 
time was 11.3 months. All patients belonged to Child–Pugh 
class A. The main demographic and clinical characteristics 
of the study population are summarized in Table 3.

In the entire study population, median TTP was 
5.2 months (progression events: 100%), and median OS was 
12.6 months (death events: 100%). Regarding the type of 
progression, 197 (94%) patients showed an increase of target 
lesions parameters, and 124 (59%) showed an increase in 
the number of liver nodules. Of 109 patients without extra-
hepatic spread at treatment initiation, 29 (27%) developed 
extrahepatic disease.

3.2 � Toxicities and Dose Reductions

The toxicity profile for sorafenib in the study population is 
shown in Table 4. First- and second-level dose reductions 
were applied in 57 (27%) and 23 (11%) patients, respec-
tively. All dose reductions were applied for the management 
of toxicity. Patients who underwent dose reductions contin-
ued sorafenib at the lower dose until disease progression, 
and only one patient interrupted sorafenib treatment after 
5 weeks for grade 4 liver toxicity. Median treatment dura-
tion, considering discontinuation periods, was 4.8 months.

3.3 � SNPs, Hardy–Weinberg Equilibrium, 
and Linkage Disequilibrium

Globally, 25 SNPs met our selection criteria: eight SNPs of 
HIF-1α, six SNPs of VEGF-A, two SNPs of VEGF-C, two 
SNPs of VEGFR1, four SNPs of VEGFR2, and three SNPs 
of VEGFR3. Chromosomal locations and, when known, 
the biological effect of these SNPs are reported in Table 2. 
Genotyping was performed using DNA extracted from for-
malin-fixed paraffin-embedded liver tissue blocks of HCC 
in 67/210 patients (32%) or from blood samples in 143/210 
patients (68%). All SNPs genotyped presented an overall call 
rate ≥ 90%. We evaluated concentration and purity index of 
each sample by UV spectrophotometry as the ratio absorb-
ance 260/280 nm. All samples presented a purity index 
between 1.5 and 2.0. The frequencies of the tested geno-
types were comparable to those reported in Caucasians, with 
no significant deviation from the Hardy–Weinberg equilib-
rium. Linkage disequilibrium was observed for the tumour 

genotypes rs12434438, rs11158358, and rs10873142 of 
HIF-1α (p < 0.0001); rs833061, rs699947, and rs2010963 of 
VEGF-A (p < 0.0001), rs4604006 and rs7664413 of VEGF-C 
(p < 0.0001).

3.4 � Univariate Analysis

At univariate analysis, 11 SNPs showed to be statistically 
significant in the prediction of TTP and OS as detailed in 
Table 5. A statistically significant difference was found for 
TTP and OS according to the BCLC stage B vs. C. (TTP: 
8.3 months stage B vs. 4.9 months stage C, p = 0.027; OS: 
14.7 months stage B vs. 10.7 months stage C, p = 0.008). No 
differences were found for the other clinical variables tested, 
including JRC and HAP scores (Supplementary Table S1).

3.5 � Multivariate Analysis

Cox multiple regression analysis was used to assess the role 
of variables that were found to be significant in the uni-
variate analysis (Table 5). rs12434438 (HIF-1α) (Fig. 1a, b), 
rs2010963 (VEGF-A) (Fig. 1c, d), and rs4604006 (VEGF-
C) (Fig. 1e, f) were independent prognostic factors, able 
to predict clinical outcome in terms of TTP (p = 0.0374, 
p = 0.0008, and p = 0.0095, respectively) and OS (p = 0.0061, 
p < 0.0001, p = 0.0074, respectively). BCLC classification 
maintained a relevant and independent prognostic role at 
multivariate analysis.

Furthermore, an exploratory combined analysis of poly-
morphisms statistically significant at multivariate analysis 
was conducted. Patients with expression of both favour-
able genotypes (FG) rs2010963 (VEGF-A) and rs4604006 
(VEGF-C) showed a better TTP and OS (Fig. 2a, b), com-
pared to patients expressing one or none of the favourable 
genotypes. At the combined analysis of HIF-1α and VEGF 
polymorphisms, patients with GG genotype of rs12434438 
(HIF-1α) demonstrated a significantly worse TTP and OS 
then patients with genotype AA or AG (Fig. 3a, b). This 
observation was confirmed regardless of the number of 
favourable VEGF genotypes.

3.6 � Objective Response Analysis

A statistically significant correlation was found between the 
best objective response, evaluated by mRECIST criteria, and 
rs2010963 (VEGF-A) and rs4604006 (VEGF-C) genotypes. 
For rs2010963 (VEGF-A) CC + CG and GG genotypes 
CR + PR, SD and PD occur, respectively, in 11 (9%) versus 
six (7%), 71 (57%) versus 35 (41%) and 42 (34%) versus 
45 (52%) patients (p = 0.027). The DCR was 66% versus 
48%. For rs4604006 (VEGF-C) TT + CT and CC genotypes 
CR + PR, SD and PD occur, respectively, in nine (11%) ver-
sus eight (7%), 44 (59%) versus 62 (46%) and 23 (30%) 
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Table 3   Patient characteristics (N = 210)

Gender Male 178 (85%)

Female 32 (15%)
Age, years ≥ 69 103 (49%)

< 69 107 (51%)
Aetiology HCV 82 (39%)

HBV 52 (25%)
Alcoholic 46 (22%)
Cryptogenic/metabolic 19 (9%)
Multiple 11 (5%)

Co-morbidities with frequencies > 5% or presence of previous neoplasms Cardiovascular 44 (21%)
Diabetes 25 (12%)
Previous neoplasms 8 (4%)

α-FP serum levels ≥ 400 48 (23%)
< 400 162 (77%)

BCLC stage B 47 (22%)
C 163 (78%)

Type of sample Tumour tissues 67 (32%)
Peripheral blood 143 (68%)

Previous TACE Yes 117 (56%)
No 93 (44%)

Sorafenib dose reduction Yes 57 (27%)
No 153 (73%)

Major target lesion diameter > 5 cm 86 (41%)
≤ 5 cm 124 (59%)

Portal invasion Yes 73 (35%)
No 137 (65%)

Extrahepatic spread Yes 101 (48%)
No 109 (52%)

Metastatic sites Lymph nodes 62 (30%)
Lung 48 (23%)
Bone 22 (10%)
Peritoneum 10 (5%)

Child–Pugh class A5 131 (62%)
A6 79 (38%)

AST serum levels < UNL 177 (84%)
< 2 × UNL 33 (16%)

ALT serum levels < UNL 189 (90%)
< 2 × UNL 21 (10%)

Overall toxicity profile No toxicity 48 (23%)
Any grade 162 (77%)

Overall toxicity profile No toxicity 48 (23%)
Grade 1–2 128 (61%)
Grade > 2 34 (16%)

Skin toxicity No toxicity 139 (66%)
Any grade 71 (34%)

Skin toxicity No toxicity 139 (66%)
Early onset < 1 mo 29 (14%)
Late onset > 1 mo 42 (20%)

Japan Red Cross (JRC) prognostic score Low-risk 71 (34%)
Intermediate-risk 90 (43%)
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versus 64 (47%) patients (p = 0.031). The DCR was 70% ver-
sus 53%. No statistically significant differences were found 
for rs12434438 (HIF-1α).

4 � Discussion

Sorafenib represents the standard first-line systemic treat-
ment for HCC patients. However, this molecule has a non-
negligible toxicity profile, which may heavily impact on the 
quality of life, along with a limited survival benefit. Moreo-
ver, new systemic treatments became a part of the therapeu-
tic scenario for HCC patients recently. It would be crucial to 
be able to distinguish non-responding patients to sorafenib 
in order to treat them with alternative systemic therapies or 
with best supportive care. Therefore, the identification of 
prognostic and predictive biomarkers of sorafenib represents 
a challenging area of research, and the results of the ALICE 
-2 study fit into this context. In particular, selected HIF-1α, 
VEGF, and VEGFR SNPs correlated with clinical outcomes 
of HCC patients receiving first-line sorafenib. rs12434438 
(HIF-1α) allele A, rs2010963 (VEGF-A) allele C and 
rs4604006 (VEGF-C) allele T were significantly correlated 

with TTP and OS. Data about objective responses confirmed 
our previous findings from the ALICE-1 study. No differ-
ences were found for objective response and rs12434438 
(HIF-1α), probably due to the genotype frequency found in 
the study population.

rs2010963 is located in the 5′-UTR region of the VEGF-A 
gene; whereas rs12434438 and rs4604006 are located in one 
of the intronic regions of the HIF-1α and VEGF-C genes, 
respectively. However, clear information on the biological 
effects of these genetic variants are largely lacking for most 
of the SNPs included in our analysis. Based on the avail-
able data, we can hypothesize that SNPs of the HIF-1α gene 
might imply a different HIF-1α sensitivity to hypoxic stim-
uli, leading to a heterogeneous transcription of target genes, 
including VEGF. Recent studies showed that HIF-1α SNPs 
might lead to variations in the oxygen-dependent degrada-
tion domain of HIF-1α, consequently influencing protein 
expression [29]. Likewise, we have evidence that different 
SNPs in the HIF-1α gene and VEGF might modify circu-
lating VEGF levels, thus possibly affecting the response to 
antiangiogenetic treatment strategies [30, 31]. Nonetheless, 
results in this area of investigation are conflicting. On the 
one hand, some authors demonstrated a significant associa-
tion for candidate polymorphisms in the promoter, 5′- and 
3′-UTRs of the VEGF gene, but on the other hand, other 
studies were unable to identify this correlation for these 
and other VEGF SNPs [32–36]. Further studies are needed 
to validate these preliminary data and to fully unveil the 
molecular mechanisms underlying the biological implication 
of specific SNPs.

Although the impact on TTP might suggest a predictive 
effect of analysed SNPs our analysis seems to show mainly a 
prognostic role. Globally, our data show that polymorphism 
analysis of HIF-1α, VEGF and VEGFR genes might repre-
sent a valuable asset in order to better identify HCC patients 
who are more likely to benefit from sorafenib treatment. A 
relevant and independent prognostic role was maintained by 
the BCLC classification, thus confirming the reproducibility 
of analysis.

In conclusion, our study appears to be consistent with our 
previous findings (ALICE 1) and those from the SHARP 
trial, suggesting that variations in the angiogenesis path-
way could have a relevant role in identifying different risk 

HCV hepatitis C virus, HBV hepatitis B virus, UNL upper normal limit

Table 3   (continued)

High-risk 48 (23%)
Hepatoma arterial embolisation prognostic (HAP) score A 21 (10%)

B 56 (27%)
C 55 (26%)
D 78 (37%)

Table 4   Sorafenib toxicity profile in the study population

Toxicities n (%) Any grade Grade 3 Grade 4

Early skin toxicity (< 1 months) 29 (14) 1 (< 1) 0 (0)
Whole skin toxicity 71 (34) 16 (8) 0 (0)
Hand-foot skin reaction 53 (25) 13 (6) 0 (0)
Rash 32 (15) 4 (2) 0 (0)
Oral mucositis 15 (7) 1 (< 1) 0 (0)
Fatigue 65 (31) 11 (5) 0 (0)
Weight loss 23 (11) 4 (2) 0 (0)
Anorexia 34 (16) 2 (1) 0 (0)
Diarrhoea 90 (43) 19 (9) 0 (0)
Nausea/vomiting 19 (9) 2 (1) 0 (0)
Liver dysfunction 8 (4) 2 (1) 1 (< 1)
Hypertension 23 (11) 4 (2) 0 (0)
Sorafenib dose reduction 1st level 57 (27)
Sorafenib dose reduction 2nd level 23 (11)
Side effect sorafenib interruption 1 (< 1)
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categories among HCC patients receiving sorafenib. Moreo-
ver, our data also suggest a role for HIF-1α. Globally, the 
ALICE 1 and the ALICE 2 studies could be then considered 
two complementary hypothesis-generating studies in this 
setting. The main limitations of our study are represented by 

the absence of a control arm and the retrospective nature of 
the research. The absence of a control arm does not allow us 
to distinguish between the prognostic and predictive role of 
the evaluated biomarkers, whereas the retrospective nature 
of the analysis prevents us to achieve definitive conclusions.

Fig. 1   a Time to progression (TTP) according to HIF rs12434438 
polymorphisms: AA/GA genotype (continuous line) 5.8  months vs. 
GG genotype (dotted line) 2.6  months; p < 0.0001. b Overall sur-
vival (OS) according to HIF rs12434438 polymorphism: AA/GA 
genotype (continuous line) 13.5  months vs. GG genotype (dotted 
line) 6.6 months; p < 0.0001. c TTP according to VEGF-A rs2010963 
polymorphism: CC/CG genotype (continuous line) 7.6  months 
vs. GG genotype (dotted line) 3.9 months; p < 0.0001. d OS accord-

ing to VEGF-A rs2010963 polymorphism: CC/CG genotype (con-
tinuous line) 15.1 months vs. GG genotype (dotted line) 8.4 months; 
p < 0.0001. e TTP according to VEGF-C rs4604006 polymorphism: 
TT/TC genotype (continuous line) 9.7  months vs.CC genotype 
(dotted line) 4.6  months; p < 0.0001. f OS according to VEGF-
C rs4604006 polymorphism: TT/TC genotype (continuous line) 
16.6 months vs. CC genotype (dotted line) 10.5 months; p < 0.0001
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Further prospective trials would hopefully clarify the role 
of these potential biomarkers in the near future, thus allow-
ing clinicians to better select the right treatment strategy for 
the right patient. The prospective, multicentre INNOVATE 
trial [37], currently being conducted by our research group, 
aims at determining whether eNOS, HIF-1, VEGF, Ang2 
and VEGFR polymorphisms may play a role in predicting 
the objective response rate, PFS and OS of advanced HCC 
patients treated with sorafenib. The primary aim of the study 
is to validate the prognostic or predictive role of eNOS, HIF-
1, VEGF, VEGFR and Ang2 polymorphisms in relation to 
PFS of HCC sorafenib-treated patients; the secondary aim is 
to verify the prognostic value of the same polymorphisms in 

relation to OS and the basal level of lactate dehydrogenase, 
blood pressure, MELD, Ang2 plasma level, VEGF and Ang2 
in relation to PFS and OS in the same setting of patients. 
So, the results of our study will possibly give new insight 
into this area.
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Fig. 2   a Time to progression (TTP) according to rs2010963 VEGF-
A and rs4604006 VEGF-C polymorphisms: two favourable alleles 
10.8  months (dashed line) vs. one favourable allele 5.6  months 
(dash-dotted line) vs. 0 favourable alleles 3.7  months (dotted line); 

p < 0.0001. b Overall survival (OS) according to rs2010963 VEGF-
A and rs4604006 VEGF-C polymorphisms: two favourable alleles 
19.0 months (dashed line); one favourable allele 13.5 months (dash-
dotted line); 0 favourable alleles 7.5 months (dotted line); p < 0.0001

Fig. 3   a Time to progression (TTP) according to HIF rs12434438 
GG vs. AA/AG combined with VEGF-A rs2010963 and VEGF-C 
rs4604006 polymorphisms. HIF rs12434438 GG 2.6  months. (con-
tinuous line) vs. rs12434438 AA/AG + : + two favourable VEGF-
A/VEGF-C genotypes 10.8  months (dashed line); + one favour-
able VEGF-A/VEGF-C genotype 7.0  months (dash-dotted line); + 0 
favourable VEGF-A/VEGF-C genotype 4.0  months (dotted line); 
p < 0.0001. b Overall survival (OS) according to HIF rs12434438 

GG vs. AA/AG combined with VEGF-A rs2010963 and VEGF-C 
rs4604006 polymorphisms. HIF rs12434438 GG 6.6  months (con-
tinuous line) vs. rs12434438 AA/AG + : + two favourable VEGF-
A/VEGF-C genotypes 19.0  months (dashed line); + one favour-
able VEGF-A/VEGF-C genotype 14.6 months (dash-dotted line); + 0 
favourable VEGF-A/VEGF-C genotype 8.6  months (dotted line); 
p < 0.0001
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