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Abstract

Purpose: The identification of biomarkers for predicting inter-individual sorafenib response variability could allow hepatocellular

carcinoma (HCC) patients stratification. SNPs in angiogenesis- and drug absorption, distribution, metabolism, and excretion

(ADME)-related genes were evaluated to identify new potential predictive biomarkers of sorafenib response in HCC patients.

Methods: Five known SNPs in angiogenesis-related genes, including VEGF-A, VEGF-C, HIF-1a, ANGPT2 and NOS3, were

investigated in 34 HCC patients (9 sorafenib responders and 25 non-responders). A subgroup of 23 patients was genotyped for

SNPs in ADME genes. A machine learning classifier method was used to discover classification rules for our dataset. Results: We

found that only VEGF-A (rs2010963) C allele and CC genotype were significantly associated with sorafenib response. ADME-

related gene analysis identified 10 polymorphic variants in ADH1A (rs6811453), ADH6 (rs10008281), SULT1A2/CCDC101

(rs11401), CYP26A1 (rs7905939), DPYD (rs2297595 and rs1801265), FMO2 (rs2020863) and SLC22A14 (rs149738, rs171248

and rs183574) significantly associated with sorafenib response. We have identified a genetic signature of predictive response

which could permit non-responder/responder patient stratification. Angiogenesis- and ADME-related genes correlation was

confirmed by cumulative genetic risk score and network and pathway enrichment analysis. Conclusions: Our findings provide

a proof of concept that need further validation in follow-up studies for HCC patient stratification for sorafenib prescription.

Introduction

Hepatocellular carcinoma (HCC) accounts for about 90% of liver cancers. Most patients with HCC are
diagnosed at an advanced tumor stage when treatment options are very limited. Until 2018, when lenvatinib
was approved, sorafenib was considered the gold standard in the first-line setting for the treatment of
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advanced HCC.1 However, choosing between these two agents remains challenging due to their low impact
on survival and their similar and well-tolerated safety profiles.2 Recently, the atezolizumab-bevacizumab
combination has emerged as the first-line systemic treatment, but sorafenib is still a relevant choice for
refractory patients and those ineligible for immunotherapy.3 Sorafenib exerts its action through the inhibition
of tumor cell proliferation and angiogenesis via the targeting of several oncogenic signaling pathways involving
serine/threonine and tyrosine kinases (RAF1, BRAF, VEGFR 1, 2, 3, PDGFR, KIT, FLT3, FGFR1, and
RET).4,5 However, sorafenib resistance remains a major challenge for improving the effectiveness of HCC
treatment. The underlying mechanisms for inter-individual variability in response to therapy have not been
fully elucidated, and no validated markers have been found that are capable of predicting clinical outcomes or
sorafenib tolerability.6,7 Thus, the identification of suitable biomarkers for patient stratification for sorafenib
response in HCC may potentially help physicians in guiding the selection of tailored treatments.

HCC is a hypervascular tumor in which angiogenesis plays an important role for tumor growth and pro-
gression. Among others, VEGF/VEGFR, angiopoietin (ANGPT), endothelial nitric oxide synthase (eNOS
or NOS3), and hypoxia-inducible factor-1α (HIF-1α) signaling play an important role in regulating tumor
angiogenesis.8 Single nucleotide polymorphisms (SNPs) in angiogenesis-related genes have been reported to
influence outcomes in HCC patients treated with sorafenib.9-11

In the present study, we selected 5 SNPs in these angiogenesis-related genes for the genotyping of 34 HCC
patients, of which 9 showed response (responders) to therapy and 25 no response (non-responders). Ad-
ditionally, in a subgroup of HCC patients, we evaluated 1,931 SNPs and 5 copy number variations in 231
genes involved in drug absorption, distribution, metabolism, and excretion (ADME) using the DMET Plus
microarray assay for the identification of new potential predictive biomarkers of response and outcome.12-14

Through a model learning process, we proceeded to apply rules to classify all patients in terms of the de-
tected SNPs and genotypes and according to sorafenib response in order to identify a predictive genetic
signature which could allow the stratification of non-responder/responder patients to sorafenib for tailored
prescriptions. Furthermore, the correlation between angiogenesis- and ADME-related genes was confirmed
by a cumulative genetic risk score (GRS) and by network and pathway enrichment analysis, which demon-
strated the association of 8/12 identified genes placed in topological key points of the interaction networks
involved in several key common biological pathways correlated to HCC and sorafenib. Our findings should
be considered as a “proof of concept” to be further validated in follow-up studies for the stratification of
HCC patients towards the improvement of therapeutic choices.

Patients and Methods

Study participants

Thirty-four patients with advanced HCC who had undergone sorafenib treatment were enrolled in our study
and distributed into two groups (responders vs non-responders) according to modified Response Evaluation
Criteria in Solid Tumors (mRECIST).15Among them, patients who showed partial response or stable disease
(SD) for more than 6 months were classified as responders, while patients with a progressive disease were
considered non-responders. Only two patients showed a complete response. We classified patients from
5 medical centers: the Department of Health Promotion, Mother and Child Care, Internal Medicine and
Medical Specialties, University Hospital of Palermo, Italy; the Oncology Unit, AOU Mater Domini, Catan-
zaro, Italy; the Department of Clinical and Experimental Medicine Policlinico ”G. Rodolico” University of
Catania, Italy; the Liver Unit of ARNAS Garibaldi-Nesima, Catania, Italy; and the Villa Sofia-Cervello Hos-
pital, Palermo, Italy. All patients were enrolled according to inclusion criteria provided by the clinical study
protocol. More in detail, since the regulatory approval of the use of sorafenib as a drug for the treatment
of HCC is not amenable to locoregional therapy, all the patients who met the inclusion criteria according
to international guidelines (AASLD and EASL)16,17 for medical therapy and had therefore started therapy
with sorafenib, were included in the study after signing the informed consent.

The study was approved by the Ethics Committees of the University Hospital of Palermo, and the Ethics
Committees of Section Area Centro (Region of Calabria), as spontaneous study No. 3/2017 and Prot. n. 387,
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respectively. All patients gave their approval and signed informed consent according to the recommendations
of the Declaration of Helsinki for biomedical research involving human subjects.18

Sample collection and genotyping

For each subject, a 5 ml peripheral blood sample was collected in EDTA anticoagulant tubes. The sample was
centrifuged, and then the plasma was replaced with an equal amount of physiological solution (0.9% sodium
chloride) and stored at -80°C. Genomic DNA was extracted from whole blood using QIAamp DNA Blood
Mini Kit (Qiagen, Valencia, CA), in accordance with the manufacturer’s instructions. For the evaluation of
selected SNPs in angiogenesis-related genes, DNA samples of 34 HCC patients were genotyped using the
TaqMan allelic discrimination method (StepOne Plus Real-Time PCR System, Applied Biosystems, Monza,
Italy) using commercial (VEGF-A rs2010963, VEGF-C rs4604006, HIF-1Α rs12434438, ANGP2 rs55633437,
NOS3 rs2070744) genotyping assays (ThermoFisher Scientific, Waltham, MA, USA). DMET Plus assay
(ThermoFisher Scientific, Waltham, MA, USA.) was performed as previously described.19-21

Genetic risk score

To build a GRS for sorafenib, we estimated the genetic profiles of patients depending on frequencies of geno-
types and alleles of examined gene polymorphisms. For each SNP, a score of 0 was defined for homozygous
non-responder alleles, 1 for heterozygous responder and non-responder alleles, and 2 for two homozygous
responder alleles.22-24 The response-increasing alleles were attributed based on their greater frequency in
response subjects according to the literature data for angiogenesis-related genes9-11,25 and by data obtained
in the present study for ADME-related genes. For each subject, a combined GRS was calculated as the sum
of these response-increasing alleles; the score was 0-10 for 5 variants.

Statistical analysis

Normally distributed continuous variables were expressed as mean ± SD, and the differences between the
two groups were assessed with the Mann Whitney U test.

DMET analysis of frequencies was calculated using Fisher’s exact test and Bonferroni’s correction for multiple
comparisons using the DMET-Analyzer tool.26 In all analyses, a p-value < 0.05 was considered statistically
significant. ADME genotyping calls from the intensity array were performed with DMET Console software
(version 1.1, ThermoFisher Scientific, Waltham, MA, USA). All alleles were tested for Hardy-Weinberg
equilibrium. Genotypes with a call rate [?] 96%, a high rate of “possible rare allele”/“no call,” and a
concordance of 100% were excluded from further analysis.

Classification rules

To discover classification rules for our dataset, starting from angiogenesis-related SNPs and identified SNPs
in ADME genes (sorafenib dataset), we applied a classifier for the identification of rules which could facilitate
the stratification of responder/non-responder patients in terms of sorafenib response. Classifiers belong to
the non-parametric supervised learning algorithm category, where the machines learn patterns buried in the
data using previously labeled training data which is mandatory for supervised learning. Supervised learning
aims to produce a model that predicts class variable values by learning simple patterns inferred from the
data features. The RandomTree’s output is a classification tree easily understandable even by non-domain
experts which can be quickly translated into classification rules in the ”IF (cond1 & cond2 & . . . & condn)
THEN class” format.

Network and pathway enrichment analysis

Network analysis was used to determine the influential role of the identified seed genes within the population
affected by HCC and treated with sorafenib.

To consolidate the seed genes, we conducted a gene network consolidation approach like the one proposed in
Agapito et al..27The consolidation approach consists of: i) mapping seed genes on the human protein-protein
interaction (PPI) network from the Integrated Interactions Database (IID);28 ii) for each mapped seed gene,
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the expansion process regards the computing of the community with a radius equal to one, allowing the
collection of all genes that share similar functions or involvement in similar biological processes with seed
genes.29 We used Cytoscape30 and the Cytoscape plugin CytoHubba31 to assess the mapped seed genes’
roles in the “seedGeneNetwork,” computing the degree of the seed genes. The node degree is the sum of all
edges connected to it. A node with a degree equal to d indicates that the neighbor radius nodes linking it is
d. To further investigate the seed genes list, we computed pathway enrichment analysis to gain insight into
the affected unknown underlying biological mechanisms associated with sorafenib response in the 34 HCC
patients.

Reactome enrichment analyses were performed using BiP and pathDIP.32,33

Results

Patient demographic and clinical characteristics

Supporting Information Table S1 shows some demographic and clinical characteristics in the patients studied.
The median age was 73 +- 6 years (range 57-89 years). Men were more prevalent with respect to women (24
males and 10 females). Hepatitis virus C (HCV) infection was present in 19 cases (56%), HBV infection in
6 (18%), and alcoholic- and cryptogenetic/metabolic-related HCC was present in 3 (9%) and 6 (18%) cases,
respectively. According to the Barcelona Clinic Liver Cancer (BCLC) classification, 3 patients were BCLC
stage A (9%), 21 patients were BCLC stage B (62%) and 10 patients were BCLC stage C (29%). As for the
Child-Pugh score, 26 patients (76%) were class A, 6 (18%) were class B, and 2 (6%) were class C. Alpha-
fetoprotein (AFP) was [?] 400 ng/dL in 4 cases (12%) and < 400 ng/dL in 30 cases (88%). Twenty-two
patients (65%) received locoregional treatments. Six patients (18%) had portal invasion. Finally, 19 (56%)
patients maintained their starting dose of sorafenib, whereas 15 (44%) underwent dose reduction.

Allele and genotype distributions

For the study of angiogenesis-related genes, 34 patients (9 responders and 25 non-responders) were genotyped
using the TaqMan allelic discrimination method. The distribution of rs2010963, rs4604006, rs12434438,
rs55633437, and rs2070744 alleles and genotypes in responder (R) and non-responder (NR) groups is shown
in Table 1. Only the C allele (p = 0.004) (Table 1), and CC genotype (p = 0.046) ofVEGF-A (rs2010963)
were significantly associated with sorafenib response.

The genotyping by DMETTM SNP panel allowed the identification, among 1,936 markers, of 10 SNPs
in seven genes as significantly associated with sorafenib response: ADH1A (alcohol dehydrogenase 1A),
ADH6 (alcohol dehydrogenase 6), SULT1A2/CCDC101 (Sulfotransferase Family 1A Member 2)/CCDC101
(Coiled-Coil Domain-Containing Protein 101), CYP26A (Cytochrome P450 Family 26 Subfamily A Member
1), DPYD (Dihydropyrimidine dehydrogenase), FMO2 (Flavin Containing Dimethylaniline Monoxygenase
2), and SLC22A14 (Solute Carrier Family 22 Member 14) (Table 2).

The heterozygous genotypes of SLC22A14 rs171248, rs149738, and rs183574 (p = 0.007), and the ho-
mozygous genotypes AA inSULT1A2/CCDC101 rs11401 (p = 0.019), DPYD rs2297595 (p = 0.011), and
FMO2 rs2020863 (p = 0.004), and TT in DPYD*9 rs1801265 (p = 0.0257), as well as the GG in ADH6
rs10008281 (p = 0.019) and CYP26A1 rs7905939 (p = 0.027), showed a significant association to a lack of
response to sorafenib. Instead, a significant correlation to sorafenib efficacy was found for the CC genotype
inADH1A rs6811453 (p = 0.005) and the heterozygous genotypes AG inSULT1A2/CCDC101 rs11401 (p =
0.019), DPYD rs2297595 (p = 0.011), and FMO2 rs2020863 (p = 0.004), and CT in DPYD*9 rs1801265 (p =
0.026). The rs11401 is located on 16p11.2 region which contains a splice site encompassing the SULT1A2 gene
(500B Downstream Variant), and the CCDC101 gene. In addition, the homozygous genotypes ofSLC22A14
rs171248 (TT), rs149738 (AA), and rs183574 (AA) were found to be significantly associated to responder
patients (p = 0.001).

SNPs and classification rules related to sorafenib response

Figure 1 shows the classification tree computed from the RandomTree’s classifier using the sorafenib dataset.
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Transforming the classification tree into classification rules (1-13) obtained by analyzing the input genotype
dataset, as shown in Table 3, makes it more straightforward to analyze and understand the meaning of
the multiple relations between the SNPs and genotypes responsible for a particular phenotype of sorafenib
response.

We identified ten classification rules by which to discriminate patients belonging to the non-responder setting,
and three rules for the responder ones, with an accuracy of 69.5652%: a subject could satisfy a rule only if
a correspondence existed between their own genotype and a detected SNPs, against every couple of alleles
within of a rule. For instance, to verify whether a subject matched, i.e., rule 6 in Table 3, it was necessary
that the SNPs (rs171248, rs6811453, rs2010963, rs12434438) assessed in the subject presented as detected
genotypes (TT, CT, CC, GG), respectively. Thus, only the subjects that matched all the genotypes within
a rule could be classified as “non-responder” according to the matching rule.

Afterwards, we examined the cumulative effects of SNPs obtained from the classification tree, developing a
GRS by summing the number of response alleles.22-24 The response-increasing alleles were attributed based
on their greater frequency in response subjects according to the literature data for angiogenesis-related
genes8,10,23 and data obtained in the present study for ADME-related genes. The rs7905939 SNP was
excluded from the analysis since a clear response allele was not identified. For each SNP, a score of 0 was
defined for homozygous non-response alleles, 1 for heterozygous response and non-response alleles, and 2 for
two homozygous response alleles. A higher mean GRS score was significantly associated with responders
compared to non-responders, when the sum of the 5 scores for the rs2010963, rs4604006, rs12434438, rs183574,
and rs6811453 variants was considered for each patient (p = 0.008) (Supporting Information Table S2). The
mean of the gene count score was 6.00 +- 0.81 in the responder group, and 4.37 +- 1.36 in the non-responder
group.

To explore whether the expression of angiogenesis- and ADME-related genes identified in the decision tree
(i.e., SLC22A4, ADH1A, VEGF-A, VEGF-C, HIF-1α, and CY26A1) might have a role in HCC disease
outcome in terms of response to sorafenib, we carried out a bioinformatic analysis of these genes using the
public dataset GSE109211, downloaded from GEO, in which data from a subset of HCC patients (n =
67) treated with sorafenib are reported. As shown in Figure 2, VEGF-A, HIF-1α, and ADH1A expression
were significantly lower in HCC tissues from sorafenib-responsive patients (n = 20), whereas SLC22A14
expression was significantly higher. No significant correlation was found between the expression of VEGF-C
and CY26A1 genes and sorafenib response.

Pathway enrichment results

The network analysis highlighted a total of 14 genes with a relevant node degree score. Figure 3 shows the
“seedGeneNetwork” with the key interactions among the 14 seed genes and other genes involved in several
canonical pathway.

The seed genes enriching multiple pathways highlighted the relationships between seed genes and the affected
biological functions involved in HCC and sorafenib. Among all genes, ADH1A and CYP26A1 , along with
VEGF-A and VEGF-C , showed a common involvement in the signal transduction pathways, which are
reported as dysregulated in HCC, leading to uncontrolled cell division and metastasis.34

Table 3 reports the top 21 degree-ranked seed genes among which, with a high degree value, are included
8/12 genes identified in the study (in bold). Analyzing Table 4, it is worth noting that a seed gene’s degree
is higher than the added genes and refers to the centrality of a node in the network. The higher centrality of
the degree reveals the crucial roles of genes in the network. Figure 4 shows the top ten degree-ranked seed
genes computed using CytoHubba.

Discussion

HCC patients treated with sorafenib show a highly variable response, and patients experience resistance
and adverse events in approximately 30% of cases. The molecular mechanisms underlying inter-individual
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variability in sorafenib response have yet to be fully elucidated, and a deeper knowledge of the underlying
mechanisms and associated gene variants would allow us to tailor treatment prescriptions for better outcomes.

Thus, with this aim, we studied 5 known candidate SNPs in genes controlling tumor angiogenesis, VEGF-
A (rs2010963), VEGF-C (rs4604006), ΗΙΦ-1α (rs12434438), ANGPT2 (rs55633437), andNOS3 (rs2070744),
and genotyped a subgroup of 23 HCC patients using the DMET plus platform to identify potential prognostic
biomarkers correlated to HCC patient responses to sorafenib treatment. Moreover, in a subgroup of patients
(n = 11), the serum/plasma concentration of sorafenib was determined. The average steady-state sorafenib
concentration was 4.13 mg/L in responders, and 4.41 mg/L in non-responders, independent of sorafenib
dosages. No significant correlation was detected between sorafenib concentration and clinical outcome (data
not shown), as already reported in the literature.35

In our study, the analysis showed that the allele and genotype frequencies of SNPs in angiogenesis-related
genes were significantly correlated with the response to sorafenib only for the rs2010963 C allele (p = 0.004)
and the CC genotype (p = 0.046) of theVEGF-A gene, in accordance with the results of the retrospective
multicenter study ALICE-2, in which the rs2010963 C allele and CC/CG genotype were significantly associ-
ated with a higher median overall survival of HCC patients receiving sorafenib.10 It is likely that VEGF-A
-related genetic variants could influence the level of circulating VEGF,36,37 therefore affecting sorafenib re-
sponse. Also, in the SHARP trial,38 it was reported that a low VEGF-A plasma baseline level, as a prognostic
independent factor, can predict outcomes in patients with advanced HCC, both in the entire patient popu-
lation and in the placebo cohort.37 Consistent with these results, in our GEO analysis, patients expressing
lower levels of VEGF-A mRNA showed a better response to sorafenib therapy (GSE109211 dataset). Our
findings confirmed the prominent role of the rs2010963 gene variant andVEGF-A expression as significant
predictive factors for sorafenib response in HCC patients.10,39

DMET genotyping showed a statistically significant association of the sorafenib “non-responder” pheno-
type with the heterozygous genotypes ofSLC22A14 rs171248, rs149738, and rs183574, and the homozygous
genotypes AA in SULT1A2/CCDC101 rs11401, DPYD rs2297595,FMO2 rs2020863, the TT in DPYD*9
rs1801265, the GG inADH6 rs10008281, and CYP26A1 rs7905939. Instead, the sorafenib “responder”
phenotype was associated with the genotypes CC in ADH1A rs6811453, the AG in SULT1A2/CCDC101
rs11401,DPYD rs2297595, FMO2 rs2020863, and CT in DPYD*9 rs1801265, as well as with the homozygous
genotypes of SLC22A14 rs171248 (TT), rs149738 (AA) and rs183574 (AA). These results demonstrate that
the ADME genotype is correlated with different responses to sorafenib, underlying the role of the reference
allele or variant in the effect on treatment response.

Moreover, to verify whether a correlation of SNPs in angiogenesis- and ADME -related genes might help to
discriminate responder/non-responder patients, we applied a classifier to mine classification rules able to fig-
ure out the principal signatures for discriminating among patients belonging to the responder/non-responder
to sorafenib phenotypes. The novelty of our study lies in the identification of 10 rules in different genotype
associations for the identification of the non-responder phenotype, and 3 rules for the responder type. These
rules may represent a genetic signature which could allow the stratification of patients who are fit for so-
rafenib treatment. We found that the genetic signature including 3 ADME-SNPs, SLC22A14 (rs171248),
ADH1A ( rs6811453) and CYP26A1 ( rs7905939), and 3 known SNPs in angiogenesis-related genes, VEGF-
A (rs2010963), VEGF-C (rs4604006), and HIF-1A (rs12434438), was correlated to sorafenib response in our
dataset, allowing the discrimination between responders/non-responders according to mRECIST criteria.
The signature of response, identified by a decision tree, was also validated by the GRS analysis.

However, while the role of angiogenesis related genes is well known in HCC patients treated with sorafenib,
little information is reported in the literature regarding the role of selected ADME genes in this context.
SLC22A14 , also known as organic cation transporter-like 2 (OCTL2), is a gene encoding a member of the
organic-cation transporter family and anions (OATs), whose expression is high in the liver. As for the other
SLCs, it is involved in regulating the homeostasis of metabolites and the uptake of a wide range of molecules
and the disposition of drugs, as well as in promoting cell proliferation, migration, and invasion in HCC.40

The function of SLC members in sorafenib resistance is not clear, and only recently have studies begun to
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investigate their role in chemoresistance,41-44 highlighting the role of aberrant variants or SNPs in organic
cation transporters during liver carcinogenesis, with effects on the ability of HCC to respond to sorafenib.

The ADH1A gene catalyzes the oxidation of alcohols to aldehydes and belongs to the superfamily of de-
hydrogenase enzymes. Several reports provide a correlation of ADH1A and other ADH s expression with
increased risk of liver cancer, with an impact on the prognosis for HCC patients.20,45

CYP26A1 , a member of the cytochrome P450 enzyme superfamily, is mainly involved in retinoic acid
metabolism and the synthesis of cholesterol, steroids, and other lipids, and it contributes to the development
and progression of multiple cancers.46-48Previous studies in HCC have shown that CYP26A1 mRNA is
downregulated in tumor tissue compared to paired-matched non-tumor tissues,49 but the role of CYP26A1
in HCC is not entirely clear despite being reported as hypovitaminosis. A, as potential result from a
CYP26A1 depletion, could be correlated to higher risk of carcinogenesis.50

To support the correlation between ADME- and angiogenesis-related genes, the network and PEA analysis
highlighted the association of 8/12 identified genes in topological key points with a relevant node degree score
in important pathways underlying biological mechanisms implicated in HCC and sorafenib. In fact, VEGF-
A, together with ADH1A ,CYP26A1 , and VEGF-C , showed a common interaction in “signal transduction
pathways” which are known to be dysregulated in HCC, with consequent uncontrolled cell division and
metastasis,44 alteration of intracellular regulators or extracellular signals with abnormal epigenetic modifica-
tion, and gene expression in the tumor microenvironment. Moreover, all seed genes identified were involved
in multiple pathways, showing their involvement in significantly affected by biological functions.

Given that the most recent AASLD guidelines on HCC systemic therapy have approved the use of drugs like
bevacizumab+atezolizumab and lenvatinib as first-line therapies, in addition to sorafenib, the opportunity
to verify a score like the GRS observed in our responder patients or the genetic signature identified in our
retrospective study might help clinicians to select patients with higher chances to benefit from sorafenib
treatment. In the presence of a favorable GRS, physicians could treat advanced HCC patients with sorafenib
as soon as possible. Conversely, patients with an unfavorable GRS might not be excellent candidates for
sorafenib.

Conclusion

The novelty of our study is the identification of genetic signatures through classification rules for SNPs
in angiogenesis and ADME genes associated with sorafenib responses in HCC patients, through which it
may be possible to personalize prescription. The application of GRS could allow a better stratification
of patients. In addition, the network analysis conducted in this study supports the association of 8/12
analyzed genes in topological key points involved in several common biological pathways correlated to HCC
and sorafenib. However, our study has some limitations. The sample size was relatively small, and further
investigations in a larger sample size may be needed. The opportunity to test the classification rules on
predictive biomarkers of response to sorafenib in an independent and larger validation set would give more
robustness to our findings. Therefore, our findings had an exploratory aim and are intended as a “proof-of-
concept” research to be further validated in a larger dataset to allow sorafenib-tailored prescriptions through
predictive biomarkers of response and outcome in HCC patients. The involvement of seed genes in multiple
biological pathways related to sorafenib and HCC, as well as the common interactions of ADH1A ,CYP26A1
, VEGF-A , and VEGF-C in signal transduction pathways, should allow future studies on the simultaneous
targeting of different signaling pathways or common downstream proteins involved in HCC control and
sorafenib response with the aim of personalizing treatment for this still uncurable disease.
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Merkabaoui G, Spagnoletti I, Pellegrino A, Gianni L, Sandri P, Cretella E, Vattemi E, Rocca A, Serra P,
Fabbri MA, Benedetti G, Foghini L, Medici M, Basso U, Amoroso V, Riccardi F, Baldelli AM, Clerico
M, Bonura S, Saggia C, Innocenti F, Toffoli G. A New Genetic Risk Score to Predict the Outcome of
Locally Advanced or Metastatic Breast Cancer Patients Treated With First-Line Exemestane: Results
From a Prospective Study. Clin Breast Cancer . 2019; 19:137-145. doi: 10.1016/j.clbc.2018.11.009

25. Faloppi L, Casadei Gardini A, Masi G, Silvestris N, Loretelli C, Ulivi P, Vivaldi C, Bianconi M,
Giampieri R, Bittoni A, Andrikou K, Del Prete M, Scartozzi M, Cascinu S. Angiogenesis polymorphisms

9



P
os

te
d

on
5

J
u
l

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
68

85
83

40
.0

37
48

04
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

profile in the prediction of clinical outcome of advanced HCC patients receiving sorafenib: Combined
analysis of VEGF and HIF-1α Final results of the ALICE-2 study. J Clin Oncol . 2016; 34:280. doi:
10.1200/jco.2016.34.4 suppl.280

26. Guzzi PH, Agapito G, Di Martino MT, Arbitrio M, Tassone P, Tagliaferri P, Cannataro M. DMET-
Analyzer: automatic analysis of Affymetrix DMET Data. BMC Bioinformatics . 2012; 13:258. doi:
10.1186/1471-2105-13-258

27. Agapito G, Milano M, Cannataro M. A statistical network pre-processing method to improve relevance
and significance of gene lists in microarray gene expression studies. BMC Bioinformatics . 2022; 23:1-
20. doi: 10.1186/s12859-022-04936-z

28. Kotlyar M, Pastrello C, Malik Z, Jurisica I. IID 2018 update: context-specific physical protein-protein
interactions in human, model organisms and domesticated species. Nucleic Acids Res . 2019; 47:581-
589. doi: 10.1093/nar/gky1037

29. Lee S, Liu Y, Li J, Friedman C, Lussier YA. Discovery of protein interaction networks shared by
diseases. Pac Symp Biocomput . 2007; 76-87.

30. Paul S, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N, Schwikowski B, Ideker T. Cy-
toscape: a software environment for integrated models of biomolecular interaction networks. Genome
Res . 2003; 13:2498-2504. doi: 10.1101/gr.1239303

31. Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin CY. Cytohubba: identifying hub objects and sub-
networks from complex interactome. BMC Syst Biol. 2014;8 Suppl 4(Suppl 4):S11 doi: 10.1186/1752-
0509-8-S4-S11

32. Agapito G, Cannataro U. Using BioPAX-Parser (BiP) to enrich lists of genes or proteins with pathway
data. BMC Bioinformatics . 2021; 22:1-35. doi: 10.1186/s12859-021-04297-z

33. Rahmati S, Abovsky M, Pastrello CM, Kotlyar M, Lu R, Cumbaa CA, Rahman P, Chandran V, Jurisica
I. pathDIP 4: an extended pathway annotations and enrichment analysis resource for human, model
organisms and domesticated species. Nucleic Acids Res . 2020; 48:479-488. doi: 10.1093/nar/gkz989

34. Farzaneh Z, Vosough M, Agarwal T, Farzaneh M. Critical signaling pathways governing hepatocel-
lular carcinoma behavior; small molecule-based approaches. Cancer Cell Int . 2021; 21: 208 doi:
10.1186/s12935-021-01924-w

35. Kobayashi K, Higai K, Matsuo K, Bannai Y, Horie H, Otakara Y, Li W, Koike K, Yanagino S, Watanabe
K, Yoshio T, Wakui N, Nagai H. Quantitative Measurements of Sorafenib in Patients with Advanced
Hepatocellular Carcinoma. Int J Res Stud Med Health Sci. 2018; 3:14-19.

36. Ruggiero D, Dalmasso C, Nutile T, Sorice R, Dionisi L, Aversano M, Bröet P, Leutenegger AL, Bourgain
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Figure legends

Figure 1 . The Decision Tree computed from the RandomTree classifier, available in Weka, using the
sorafenib dataset. The RandomTree’s parameters were set up as follows: weka.classifiers.trees. RandomTree
-K 0 -M 1.0 -V 0.001 -S 1, the selected Test models 10-fold cross-validation, reaching an accuracy of 69.5652%.

Figure 2. Expression of genes identified by decision tree analysis in HCC patients treated with sorafenib.
Data are expressed as mean ± SD, and the differences between the two groups were assessed with the Mann
Whitney U test.

Figure 3. The consolidated network obtained for each seed gene by computing the neighborhoods with a
radius of one.

Figure 4 . Top 10 genes by their degree of relevance in the seed network, computed using CytoHubba: high
significance values are represented by red, orange, and yellow, while all bluish colors represent less significant
values.
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