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The aim of this work was to systematically compare the differences between sorafenib and lenvatinib for pa-
tients with hepatocellular carcinoma (HCC) from genetic and clinical perspectives.

The mRNA and miRNA sequencing information of patients with HCC treated with either sorafenib or lenvatinib
was analyzed using differential expression and a protein—protein interaction assay. The clinical manifestations
and adverse events of the 2 drugs were also investigated.

Compared with patients with HCC treated with sorafenib, patients treated with lenvatinib developed 8 differ-
entially expressed genes (DEGs, FGF4, FGF23, UNC13C, RIMBP2, STXBP5L, PHOX2B, NEUROD4, and POU4F2)
and 3 miRNAs (DEMs, has-miR-548ah, has-miR-888, and has-miR-196a-1), of which hsa-miR-548 regulated 4
target genes, the largest number among the 3 miRNAs. The functions of these DEMs and DEGs were verified
by external experiments in the HCC cell line Hep3B2.1-7. We further investigated the adverse events of the
drugs for patients with advanced HCC in clinical treatment. The patients in the sorafenib group developed less
frequent symptoms of hypertension and diarrhea. Also, the frequency of hand-foot skin reactions in patients
treated with lenvatinib was lower than that of patients treated with sorafenib (P<0.05). There were no signif-
icant differences in nausea, fatigue, frequent urination, and dizziness (P>0.05).

In a time of increasing interest in chemotherapy drug treatments for patients with HCG, this study provided a
better understanding of the clinical evaluations of sorafenib and lenvatinib.
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Background

Hepatocellular carcinoma (HCC) is the most frequent prima-
ry malignancy of the liver, comprising 75% to 85% of cases of
liver cancer [1], creating a critical medical problem worldwide.
There were 782 000 cases diagnosed and 746 000 deaths in
2012, giving HCC the rank as the sixth most common neoplasm
and the second leading cause of cancer-related deaths [2]. The
worldwide incidence of HCC is heterogeneous owing to the prev-
alence of risk factors. The formation of HCC is closely associ-
ated with the presence of chronic liver disease [3]. The hepa-
titis B virus (HBV) and hepatitis C virus (HCV) are the primary
causes, which subsequently lead to chronic liver disease [4].
The pathogenesis of virus-induced HCC has been suggested to
be associated with various mechanisms, including the integra-
tion of HBV-DNA into the host’s genetic machinery, selective
immunosuppression for virus presentation, down regulation of
viral protection gene expression, virus-specific T-cell suppres-
sion for recognizing HBV antigens, and DNA methylation [5].
In addition to virus-induced HCC, growing evidence from ret-
rospective studies supports the connection between HCC and
other non-viral risk factors, such as diabetes, alcoholism, and
dyslipidemia, especially in developed regions [6]. For most pa-
tients, the disorder is diagnosed at an advanced stage, when
surgical treatment is no longer an option. Clinically, patients
with advanced HCC need chemotherapy to improve treatment.
Based on decades of efforts, researchers have provided sever-
al potential systemic therapies targeting advanced HCC, name-
ly sorafenib, lenvatinib, regorafenib, cabozantinib, atezolizum-
ab plus bevacizumab, and ramucirumab in phase Ill trials [7].

Until 2008, there was still no effective therapy for patients
diagnosed with advanced-stage HCC or patients who transi-
tioned into it as other therapies failed. Sorafenib, developed
by the Bayer and Onyx companies, was initially approved by
the FDA for advanced HCC treatment in 2006 [8]. A year later,
it proved to be a unique target drug for HCC [9,10]. Sorafenib
is a small polytyrosine kinase inhibitor, which dominantly sup-
presses Raf kinase, vascular endothelial growth factor, and
platelet-derived growth factor function [11]. Sorafenib was the
first systemic therapy approved in HCC as the result of 2 pos-
itive randomized placebo-controlled trials, with 1 multicenter
trial done predominantly in Europe and the United States, and
the other trial done in the Asia-Pacific area. Lenvatinib is a re-
ceptor tyrosine kinase oral small-molecule inhibitor, which was
recently approved for first-line treatment in patients with un-
resectable advanced HCC in the United States, the European
Union, Japan, and China [12]. Lenvatinib was clinically initiated
as a substitution for sorafenib. However, the molecular mech-
anism of lenvatinib is poorly understood. Meanwhile, it is still
controversial whether lenvatinib could replace sorafenib since
both of them cause diverse adverse events, including hand-foot
skin reactions, arterial hypertension, fatigue, and diarrhea [13].
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Currently, immune-based combinations of drugs (mainly tar-
geting the immune checkpoint PD L-1) seem to have shifted
the direction of future first-line therapies [14]. For instance,
the combination of lenvatinib and pembrolizumab is now be-
ing evaluated as a front-line treatment in patients with ad-
vanced HCC, and the early phase clinical trials have already
reported promising results [15,16].

Although new types of drugs have been discovered gradual-
ly, sorafenib and lenvatinib are still the mainstream therapies
for patients with advanced HCC. However, the overall effects
of sorafenib and lenvatinib are far from satisfactory, and the
clinical therapy selection is still an issue owing to the unknown
molecular mechanisms. To address these issues, in this study,
a differential expression analysis was performed on patients
with HCC treated with either sorafenib or lenvatinib. The profile
of target mRNAs and associated miRNAs was also developed.
The clinical symptoms and adverse reactions in patients with
HCC for the 2 different drug administrations were further ex-
plored. This study provides potential guidance for the precise
administration of sorafenib and lenvatinib in HCC treatment.

Material and Methods

Participants

This study was a follow-up analysis of our previous study, which
was given ethics approval, and all patients gave informed con-
sent to participate [17]. All analyses of human data were car-
ried out in strict compliance with relevant ethics regulations.
Overall, 120 patients with advanced HCC who were admit-
ted to our hospital from September 2019 to December 2020
were randomly selected to participant in the study. The medi-
cal records of all the recruited individuals were retrospective-
ly reviewed. All individuals in this study were randomly select-
ed based on the following inclusion criteria: (1) age from 40
to 80 years; (2) for laboratory measurement, the expression
level of alpha-fetoprotein was greater than 400 pg/L over 1
month or 200 to 400 ug/L lasting for over 2 months; and (3)
for imaging examination, the liver mass displayed more than
2 cm in diameter and typical HCC characteristics based on ei-
ther computed tomography (CT) or magnetic resonance im-
aging (MRI) analysis. If the liver mass was 1 to 2 cm in diam-
eter, CT and MRI were required. Participants were excluded if
they had chronic liver disease or the presence of a malignan-
cy other than HCC. The recruited individuals were untreated
with chemotherapy for the previous 3 months.

The treatment rationale was as follows: 70 patients were treat-
ed with sorafenib, 40 patients were treated with lenvatinib,
and 10 patients had no chemotherapy drug treatment, start-
ing at the same time point. There was no significant difference

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€934936-2




Wang L et al:
Sorafenib vs lenvatinib for hepatocellular carcinoma
© Med Sci Monit, 2022; 28: €934936

in basic clinical data between these groups. For sorafenib ad-
ministration, hospitalized patients with advanced HCC were
treated with sorafenib tosylate tablets (Bayer, Germany) at a
dosage of 0.4 g twice daily on an empty stomach or with a
low-fat or medium-fat diet for 6 months. At the same time,
for lenvatinib administration, hospitalized patients with ad-
vanced HCC were treated with lenvatinib mesylate capsules
(Merck & Co, Inc, USA) at a dosage as 12 mg once daily on an
empty stomach or with food for 6 months.

Differentially Expressed mRNA and miRNA Analysis

According to a previous report [18], the cancerous tissues of
all patients with HCC were dissected and snap-frozen during
surgery after the chemotherapy treatment and stored in lig-
uid nitrogen immediately. The total RNA was extracted using
an RNAiso Plus kit (Takara, Beijing, China). The total RNA sam-
ples were collected and the mRNA and miRNA expression were
analyzed by Geneseed Co (Guangdong, China). The expression
analysis was conducted using the Affymetrix GeneChip Pico
kit and hybridized to Affymetrix Clariom S arrays as described
by the manufacturer (Affymetrix, USA).

The robust multi-array average method was first utilized to
normalize the original data measured by the chip. After that,
the normalized value was calculated using the log2 logarithm
to provide the data after normalization, following differential
expression analysis. The edgeR package in R language was de-
veloped to analyze differentially expressed genes (DEGs) and
differentially expressed miRNAs (DEMs) between different
treatments. The absolute values of logarithmic transformed
differential expression multiples (Log2FC) (used for DEGs and
DEMs screening) were the indications of absolute values for
different selected targets. The values of Log2FC >1 and P<0.05
were used as criteria for screening [19]. The P value in the re-
sults represented the adjusted P values (false discovery rate)
with considering multiple comparison criterion, which was be-
tween all the genes and miRNA together in expression analysis.

Protein-Protein Interaction Networks and Analysis of
miRNA Target Genes

The STRING (https://string-db.org/, version 11.0) was gener-
ated to analyze the functional connections and interactions
of candidate proteins [20]. Cytoscape (https://cytoscape.org/,
version 3.7.2) analysis was performed to visualize the protein—
protein interaction (PPI) network [21].

The target genes of miRNAs were predicted through the
miRDB (http://mirdb.org/index.html, version 6.0) database
[22]. Meanwhile, Cytoscape was used to visualize the miRNA-
mRNA regulatory network.

CLINICAL RESEARCH

Cell Culture

The human HCC cell line Hep3B2.1-7 was purchased from
American Type Culture Collection Co (China). The cells were
cultured at 37 °Ciin 5% CO, in Eagle’s minimum essential medi-
um supplemented with 10% fetal bovine serum, 100 units/mL
penicillin, and 100 pg/mL streptomycin, based on the manufac-
turer’s instruction. As previously reported [23], the cells were
treated with either sorafenib or lenvatinib at 3 pM for 4 days.

For functional experiments, a specific has-miR-548ah mim-
ic/inhibitor (Ambion) (50 nmol/L) and a corresponding nega-
tive control (Ambion) were transfected into the Hep3B2.1-7
cells. The transfection was achieved using Lipofectamine 2000
(Sigma-Aldrich, Beijing, China).

Quantitative Real-Time Polymerase Chain Reaction

The total RNA from the cancerous tissues of patients with
HCC were extracted using an RNAiso Plus kit (Takara, Beijing,
China). The TRIzol reagent was used to extract total RNA from
the HCC cell line Hep3B2.1-7. The diverse expression activities
of potential target genes were compared using the quantita-
tive real-time polymerase chain reaction (qPCR) method. The
high-capacity RNA to cDNA kit (Applied Biosytems) was used to
reversely transcribe RNA (1000 ng) to cDNA, and gPCR ampli-
fication was performed with SYBR Green (Qiagen). The result-
ing value was normalized according to the internal reference
gene GAPDH of each parallel sample. For miRNA expression
analysis, the TagMan advanced MicroRNA assay kit (Applied
Biosystems) and miRNA-specific primers reverse transcription
RNA (100 ng) were used in this study. PCR conditions were set
up according to the instructions: 1 cycle at 95°C 5 min; 40 cy-
cles at 95°C for 15 s; followed by 60°C for 40 s. The relative
expression was measured based on the 2-AACt method. All
experiments were performed in triplicate. The DEGs primers
were designed based on the PrimerBank site (https://pga.mgh.
harvard.edu/primerbank/) as follows:

FGF4 Forward (5’-3’): CTCGCCCTTCTTCACCGATG;

Reverse (5’-3"): GTAGGACTCGTAGGCGTTGTA;

FGF23 Forward (5’-3’): CAGAGCCTATCCCAATGCCTC;

Reverse (5’-3"): GGCACTGTAGATGGTCTGATGG;

UNC13C Forward (5’-3"): GAGTATCGTCAGCAGAAAAAGGA;
Reverse (5’-3"): CTCAGTGGATAAGTTGTGAGTGG;

RIMBP2 Forward (5°-3"): CAGAAGTCCAAGGTTCGAGAGC;
Reverse (5’-3"): GAGGTGGCTAGGCCATTCAT;

STXBP5L Forward (5°-3"): GCTGGAAGTGGTTCCGTACAT;
Reverse (5’-3"): GAACTGGATCAAAGGCTAATGCT;

PHOX2B Forward (5’-3'): AACCCGATAAGGACCACTTTTG;
Reverse (5’-3"): AGAGTTTGTAAGGAACTGCGG;

NEUROD4 Forward (5’-3"): GAGAGCTAGTCAACACACCATG;
Reverse (5’-3’): GCATCCCATAAGTACCTGGTCTG;

POU4F2 Forward (5°-3"): CAAGCAGCGACGCATCAAG;
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Reverse (5’-3"): GGGTTTGAGCGCGATCATATT;

has-miR-548ah Forward (5’-3’): ATTGGAACGATACAGAGAAGATT,
Reverse (5’-3"): GGAACGCTTCACGAATTTG;

has-miR-888 Forward (5’-3’): GAAGTTCCATCGAAAAGTGATTG;
Reverse (5’-3"): TATGCTTGTTCTCGTCTCTGTGTC;
has-miR-196a-1 Forward (5’-3’): GCCCTGCTTGCCTTTGCCCTG;
Reverse (5’-3"): TGCAGGGTCGTAGGT.

The final PCR conditions were set up as follows: 1 cycle at
95°C 5 min; 40 cycles at 95°C for 15 s; followed by 60°C for
40 s. The RT-PCR relative expression analysis was conducted
using the 2-AACt method with GAPDH as an internal control
gene. All experiments were performed 3 times independently.

Statistical Analysis

SAS 9.4 and SPSS 19.0 statistical software were used for data
analysis. The continuous variables were tested for normal dis-
tribution, and the variables conforming to the normal distri-
bution were expressed as meantstandard deviation. The t
test was used for data comparison. The comparison of safe-
ty and adverse reactions of the 2 groups was done using the
chi-squared and Fisher’s accurate probability test. The P<0.05
was considered as a significant difference.

Results

Comparisons of DEGs and DEMs for the 2 Drugs

Following the previously reported procedure [18], RNA sam-
ples from 10 patients treated with either sorafenib (sorafenib
group, 10 patients) or lenvatinib (lenvatinib group, 10 pa-
tients), and 10 control patients without any chemothera-
py drug treatment (control group, 10 patients) were extract-
ed and analyzed. At the same time, the edgeR package in R
language was performed to analyze the DEGs and DEMs be-
tween the 2 different treatments. Firstly, we compared the ex-
pression levels of all mRNAs of the patients with HCC treated
with sorafenib alone and patients with HCC without any che-
motherapy. Simultaneously, we compared the expression lev-
els of all mRNAs in patients treated with lenvatinib alone with
those without any chemotherapy drugs. The sorafenib-treated
patients displayed 466 DEGs, including 57 upregulated genes
and 409 downregulated genes, compared with control group
(Figure 1A). Meanwhile, lenvatinib-treated patients displayed
471 DEGs, including 65 upregulated genes and 406 downreg-
ulated genes (Figure 1B). By taking the intersection between
sorafenib and lenvatinib, 8 genes were selected as the primary
significant DEGs for lenvatinib: FGF4, FGF23, UNC13C, RIMBP2,
STXBP5L, PHOX2B, NEUROD4, and POU4F?2 (Figure 1E). FGF4
and FGF23 were primary DEGs for 95% of the lenvatinib-treat-
ed patients with HCC.
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The miRNA expression was analyzed using the same meth-
od. Compared with the control group, patients treated with
sorafenib alone displayed 12 DEMs, including 6 upregulated
miRNAs and 6 downregulated miRNAs (Figure 1C); while the
lenvatinib-treated group showed 12 differentially expressed
DEMs, including 7 upregulated miRNAs and 5 downregulated
miRNAs (Figure 1D). The miRNAs has-miR-548ah, has-miR-888,
and has-miR-196a-1 were specific to lenvatinib and were all up-
regulated (Figure 1F). The miRNA has-miR-548ah was the pri-
mary DEM for 90% of the lenvatinib-treated patients with HCC.

Establishment of miRNA-mRNA Regulatory Network

We utilized the STRING database to construct a PPI network for
the 8 genes. The MCODE plug-ins were used to identify signif-
icant clustering modules for the gene interactions (Figure 2A).
At the same time, the 3 candidate miRNAs and 8 mRNAs were
further investigated for a regulatory network and visualized
with Cytoscape software. Of the miRNAs, hsa-miR-548 regu-
lated the largest number of target genes, at 4. Meanwhile, the
number of target genes regulated by hsa-miR-888 and hsa-
miR-196a-1 were both 2 (Figure 2B). Based on these facts, the
3 DEMs and 8 DEGs were suggested to be the potential hub
genes for lenvatinib treatment in patients with HCC.

External In Vitro Experiments Verification of Potential
DEGs and DEMs for Lenvatinib

Next, we sought to verify the functions of potential DEGs and
DEMs for lenvatinib based on in vitro analysis. The HCC cell
line Hep3B2.1-7 was treated with either sorafenib or lenva-
tinib at 3 pM for 4 days. Compared with that of the untreated
control, the expression levels of DEGs (FGF4, FGF23, UNC13C,
RIMBP2, STXBP5L, PHOX2B, NEUROD4, and POU4F2) were de-
creased based on the RT-PCR measurement (Figure 2C); while
the activities of DEMs (has-miR-548ah, has-miR-888, and has-
miR-196a-1) were enhanced (Figure 2D). At the same time,
sorafenib treatment did not show significant differences for
the DEGs and DEMs of lenvatinib (data not shown). These re-
sults were consistent with the results of the differential ex-
pression analysis (Figure 1).

Moreover, given the expression level of FGF4 as a read-out, the
mimic transfection of has-miR-548ah in Hep3B2.1-7 cells signif-
icantly reduced the activity of FGF4. Reversely, has-miR-548ah
inhibitor transfection elevated the activity of FGF4. Meanwhile,
the has-miR-548ah inhibitor attenuated the function of lenva-
tinib for the expression level of FGF4 (Figure 2E). Collectively,
these outcomes suggested that has-miR-548ah was a cen-
tral downstream factor of lenvatinib for FGF4 gene regulation.
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Figure 1. The differential analysis of mRNA and miRNA. (A, B) Volcano diagram of differentially expressed genes (DEGs) for Sorafenib

treatment and Lenvatinib treatment, respectively. The horizontal axis is the log2FC value, while the vertical axis is -log10

(P value). Red color represents upregulation, green represents downregulation, and black represents no significant difference
respectively. (C, D) The volcano diagram of differentially expressed miRNAs (DEMs). (E, F) The Venn diagrams of DEGs and
DEMs for Sorafenib treatment and Lenvatinib treatment, respectively.
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Comparison of Clinical Tumor Markers and Hepatobiliary
Function Between the 2 Drugs

In addition to the molecular mechanism network, we further
compared the clinical manifestations of the 2 treatments for
advanced patients with HCC. There was no obvious difference
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in the first month between sorafenib and lenvatinib treat-
ment. However, there were significant differences in alpha-
fetoprotein, carbohydrate antigen 19-9, alanine aminotrans-
ferase, aspartate aminotransferase, total bilirubin, and direct
bilirubin among patients in the lenvatinib group (P<0.05) from
the third month, which suggested that lenvatinib had a better
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Table 1. Comparison of tumor markers and hepatobiliary function between 2 groups.

Start point >1000 >1000 129.6+31.6  127.1+32.3 47.3+7.8 51.2+7.8 52.2+9.1 54729
Cimonth »1000  >1000 11876303 10158244 312558 260457 474481 413461
| 3months 58234918 395.4:67.2° S874174 104320 300866  241s36* 341468 273143%
| Gmonths 6044168 179452 428489  S77416° 234554  141s310 317469  265452%

Start point 27.8+6.3 30.7+6.5
Ctmonth 22153 25473
Csmomhs 188:42 13506
Cemonths 16838 1218310

12.314.2 13.1+4.1 6017.7+£593.8 6143.7+896.4
Corm1 81132 5713818963 5611819168
7100 47812 5412219817 5321848979
67425 43116 5198849174 5233918983

S indicates sorafenib treatment and L indicates lenvatinib treatment. * Represents P<0.05 compared with sorafenib treatment group.
AFP — alpha-fetoprotein; CA19-9 — carbohydrate antigen 19-9; ALT — alanine aminotransferase; AST — aspartate aminotransferase;

TBIL — total bilirubin; DBIL — direct bilirubin; CHE — cholinesterase.

Table 2. Comparison of safety and adverse reactions of the 2 groups (case%).

Hand-foot skin

. Diarrhea
reaction

Group

Hypertension

S 21 (30.0%) 10 (14.3%) 19 (27.1%)

16 (40.0%)*

4 (10.0%)*

Nausea Fatigue Fr?qut'ent Dizziness
urination

2 (2.9%) 2 (0.4%) 2 (0.4%) 6 (8.6%)

1 (2.5%) 1 (0.0%) 1 (0.0%) 4 (10.0%)

S indicates sorafenib treatment and L indicates lenvatinib treatment. * Represents P<0.05 compared with sorafenib treated group.

therapeutic effect than sorafenib (Table 1). During the obser-
vation period, the cholinesterase levels of the sorafenib and
lenvatinib groups remained similar (P>0.05).

Comparison of Clinical Adverse Reactions Between the 2
Drugs

Adverse effects of both drugs occurred frequently. To address the
advantages and disadvantages of the 2 treatments in terms of
adverse effects, we further investigated the adverse events as-
sociated with the treatments, including hand-foot skin reaction,
arterial hypertension, diarrhea, fatigue, nausea, frequent urina-
tion, and dizziness, for patients with advanced HCC. As shown
in Table 2, no serious adverse events occurred for the patients
in the 2 groups. However, patients in the sorafenib group devel-
oped hypertension and diarrhea less frequently than the lenva-
tinib group. At the same time, the frequency of hand-foot skin
reaction in patients treated with lenvatinib was relatively low-
er (P<0.05). There were no significant differences in nausea, fa-
tigue, frequent urination, and dizziness in this study (P>0.05).
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Discussion

The mortality of HCC was reported to be the third among all
solid tumors, just behind carcinomas of the lung and colon [24].
Sorafenib was previously the first choice for HCC in the clinical
setting. However, owing its adverse effects and drug resistance,
the overall outcomes of sorafenib have been greatly restrict-
ed [25]. Lenvatinib was firstly initiated in 2008 as a multitar-
geted RTK inhibitor capable of inhibiting multiple kinases in a
nanomole concentration (half the maximal (Baune et al., 2018)
inhibiting concentration, 4-100 nM) [26]. Showing angiogenesis
inhibition in animal experiments, lenvatinib was subsequently
developed as an orally available TKI in solid tumors, including
thyroid cancer, hepatocellular carcinoma, and renal cell carci-
noma, as a single agent or in combination [27,28]. Since len-
vatinib was used in the treatment of advanced HCC, its advan-
tages over sorafenib have gradually emerged. However, it is
worth noting that lenvatinib is not specific for HCC treatment
and its underlying molecular mechanisms remain unclear. In
this study, we developed a comprehensive specific expression
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profile for lenvatinib treatment. Different from previous re-
ports, the results hypothesized potential DEGs and DEMs for
lenvatinib treatment compared with sorafenib. In respect to
the 2 different drug administrations, we have proposed sev-
eral new insights.

One striking finding of the present study was that 3 DEMs, has-
miR-548ah, has-miR-888, and has-miR-196a-1, displayed specif-
ic expression patterns in lenvatinib-treated patients with HCC,
which were all upregulated. Xing et al suggested that has-miR-
548ah is significantly upregulated in peripheral blood mono-
nuclear cells, which are involved in immune tolerance and im-
mune activation stages of chronic hepatitis B in liver disease by
targeting IFN-yR1 [29]. The miRNA has-miR-888 is a multifunc-
tional DEM, which has been shown to participate in the devel-
opment and formation of HCC, lung cancer, and colorectal can-
cer [30-32]. In HCC, has-miR-888 promoted cell migratory and
invasive abilities and suppressed the expression of SMAD4 for
the HCC process [28]. In addition, has-miR-196a-1 was dem-
onstrated to promote gastric cancer cell invasion and metas-
tasis by targeting SFRP1 [33]. With the activation of 3 DEMs,
it was reasonable to hypothesize that 8 DEGs (FGF4, FGF23,
UNC13C, RIMBP2, STXBP5L, PHOX2B, NEUROD4, and POU4F2)
could be repressed in the lenvatinib treatment, which was fur-
ther supported by our present results (Figure 2B). Fibroblast
growth factors (FGFs) play a non-redundant autocrine/para-
crine function in multiple human cancers. FGF2, FGF4, FGF7,
and FGF20 were shown to be representative of paracrine FGFs
binding to heparan-sulfate proteoglycan and fibroblast growth
factor receptors (FGFRs), while FGF19, FGF21, and FGF23 were
indicated as endocrine FGFs binding to Klotho and FGFRs. With
other key factors, such as regulatory T cells, cancer-associated
fibroblasts, endothelial cells, and myeloid-derived suppressor
cells, FGF proteins form a tumor microenvironment for HCC for-
mation [34,35]. UNC13C was found to be a novel tumor sup-
pressor and an essential regulator of the EMT signaling path-
way during oral squamous cell carcinoma progression [36].
PHOX2B stands for paired-like homeobox 2B, which is a min-
imal residual disease marker of neuroblastoma, functioning
as a suppressor of neuroblastoma progression [37]. Except
for these findings, the relation between these genes and HCC
have not yet been fully explored. Therefore, it would be ben-
eficial to further investigate these genes for better evaluat-
ing lenvatinib treatment. However, since the targets for len-
vatinib were FGF4, FGF23, and has-miR-548ah based on our
findings, we hypothesized that the patients with advanced
HCC with low expression levels of these targets might display
a better respond to lenvatinib. Further investigation is neces-
sary to make a final conclusion.

Lenvatinib was approved by the FDA as a first-line setting for
unresectable HCC based on the pivotal trial REFLECT [38]. In this
study, a total of 154 sites across 20 countries were involved,
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enrolling 954 eligible patients. Lenvatinib was taken as 12 mg
(>60 kg of body weight) or 8 mg once daily (<60 kg), while
sorafenib was taken as 400 mg twice a day. It was reported
that the lenvatinib arm had an increased median overall sur-
vival of 13.6 months and the sorafenib arm had a median over-
all survival of 12.3 months [39].

Collectively, in the light of increasing necessity of lenvatinib
as a substitution for sorafenib in HCC, we comprehensively
summarized the differential expression patterns of DEGs and
DEMs between the 2 drug administrations. Interesting, even
with the high similarities of chemical structures between the
2 therapies, they still demonstrated several DEGs and DEMs,
most of which belonged to the FGF gene family. Together with
the external verification of the cellular experiments, it could be
suggested that the differences of the 2 chemical compounds
were closely associated with FGF-dependent signaling path-
ways. Additionally, the clinical manifestations and adverse
events were also deeply explored in this study. Since the mo-
lecular mechanisms underlying the therapies were connect-
ed with FGF signaling cassettes, interfering with the signaling
axis might be a primary direction to restrict the drug adverse
effects. Together, these results offered a meaningful guide-
line for future clinical HCC chemotherapeutic drug utilization.

Limitations

This study was based on the medical records from a single cen-
ter and the sample size was limited, which could affect the ac-
curacy of the results. Also, we did not recruit patients with im-
mune-based combinations of drugs for treatment of advanced
HCC because the number of patients is small in our hospital
and therefore, we could not investigate the differences be-
tween single-drug and combined-drug therapy. Moreover, we
could not provide a conclusion for long-term clinical manifes-
tations of lenvatinib vs sorafenib for patients with advanced
HCC after 3 months of continuous drug treatment. These is-
sues may be worth exploring in the next study.

Conclusions

In this study, we systematically compared the differences be-
tween sorafenib and lenvatinib for patients with advanced HCC
from genetic and clinical perspectives. Patients treated with
lenvatinib developed 8 DEGs (FGF4, FGF23, UNC13C, RIMBP2,
STXBP5L, PHOX2B, NEUROD4, and POU4F2) and 3 DEMs (has-
miR-548ah, has-miR-888, and has-miR-196a-1). Simultaneously,
the regulatory network of the 3 DEMs and 8 DEGs was estab-
lished in depth, as we verified the functions of the DEGs and
DEMs by external experiments.
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