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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide, but has the second highest
mortality rate. China has a high incidence of hepatocellular carcinoma, with approximately half of the
global cases of hepatocellular carcinoma being diagnosed in China. The main treatment options for
hepatocellular carcinoma include liver transplantation, surgical resection and local ablation. Most patients
miss the opportunity for surgery at the time of diagnosis. Local ablation therapy has a five-year recurrence
rate of up to 70%, and some patients terminate liver transplantation due to tumor progression. That is
why it is crucial to investigate methods of preventing and treating hepatocellular carcinoma.

In the 1970s, Japanese researchers discovered 3-hydroxy-3methylglutaryl coenzyme A reductase
inhibitors in fungal culture, which inhibit cholesterol synthesis. Since then, varieties of statins have been
developed and have made a major contribution to the prevention of cardiovascular diseases. In recent
years, it has been found that statins can inhibit the development of hepatocellular carcinoma, in addition
to lowering blood lipids [1]. The following section summarizes the research progress of statins in the
prevention and treatment of hepatocellular carcinoma.

Preventive Effect on Hepatocellular Carcinoma by Statins

Hepatocarcinogenesis is mainly associated with viral hepatitis, aflatoxin exposure, alcoholic fatty liver
disease, non-alcoholic fatty liver disease and genetic factors. Non-alcoholic fatty liver disease (NAFLD)
involves a range of conditions, ranging from simple steatosis to cirrhosis and ultimately, hepatocellular
carcinoma. Park et al. fed mice with a diet lacking methionine and choline and found that a variety of
statins can prevent hepatic steatosis and non-alcoholic steatohepatitis. The specific mechanism is that
statins can promote PPAR a on the oxidative capacity of mitochondrial and peroxidase fatty acids and the
preventive effect of statin is independent of its cholesterol-lowering capacity [2]. Tao Zheng et al. used
diethylnitrosamine to induce the establishment of a hepatocellular carcinoma model in rats and found
that atorvastatin exerts different degrees of anti-tumor effects in the hepatitis-cirrhosis-hepatocellular
carcinoma trilogy and inhibits the development of tumourigenesis mainly through the regulation of the
tumour microenvironment [3], which is specifically manifested in the following ways: Atorvastatin inhibits
hepatic stellate cell activation and proliferation, downregulates TGF-f3 levels, promotes tumor cell
apoptosis, and downregulates VEGFa to inhibit angiogenesis.

Inhibition of Hepatocellular Carcinoma by Statins Alone

Hepatocarcinogenesis is mainly associated with viral hepatitis, aflatoxin exposure, alcoholic fatty liver
disease, non-alcoholic fatty liver disease and genetic factors. Non-alcoholic fatty liver disease (NAFLD)
involves a range of conditions, ranging from simple steatosis to cirrhosis and ultimately, hepatocellular
carcinoma. Park et al. fed mice with a diet lacking methionine and choline and found that a variety of
statins can prevent hepatic steatosis and non-alcoholic steatohepatitis. The specific mechanism is that
statins can promote PPAR a on the oxidative capacity of mitochondrial and peroxidase fatty acids and the
preventive effect of statin is independent of its cholesterol-lowering capacity [2]. Tao Zheng et al. used
diethylnitrosamine to induce the establishment of a hepatocellular carcinoma model in rats and found
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that atorvastatin exerts different degrees of anti-tumor effects in the hepatitis-cirrhosis-hepatocellular
carcinoma trilogy and inhibits the development of tumourigenesis mainly through the regulation of the
tumour microenvironment [3], which is specifically manifested in the following ways: Atorvastatin inhibits
hepatic stellate cell activation and proliferation, downregulates TGF- levels, promotes tumor cell
apoptosis, and downregulates VEGFa to inhibit angiogenesis.

Inhibition of Hepatocellular Carcinoma by Statins Alone

Effects on the Regulation of Proliferation Signaling Pathways in Hepatocellular Carcinoma Cells
TGF-B1 is a multifunctional cytokine primarily produced by hepatocytes. TGF-B1 is widely involved in
various pathophysiological processes and has biological activities, including the regulation of cell
proliferation, differentiation, migration, and apoptosis. Ridruejo E et al. discovered that both atorvastatin
and simvastatin reversed the pro-proliferative effects of HCB on HepG2 hepatocellular carcinoma cell lines
by the mechanism of statin inhibition of the TGF-B1/c-Src pathway and involvement in the regulation of
thyroid hormone dynamic homeostasis [4]. As cell cycle protein-dependent kinase inhibitors, p21 and p27
participate in cell proliferation and apoptosis by regulating the cell cycle. Sin-Ting Wang et al. constructed
HepG2, Hep3B, and HepG2 hepatocellular carcinoma cell line xenografts in nude mice tumor models, and
found that the growth of tumor cells in the simvastatin-treated group was restricted, and the specific
mechanism was that statin promotes the expression of p21 by activating AMPK and inhibited the
degradation of p27 by negatively modulating the STAT3-Skp2 axis, which ultimately induced the blockage
of GO/G1 phase of the hepatocellular carcinoma cell cycle [5].

The Wnt/B-catenin signaling pathway can be involved in various physiopathological processes in the liver,
with specific effects depending on downstream target molecules [6]. Xia et al. used different
concentrations of simvastatin to act on SMCC-7721 hepatocellular carcinoma cell line, and found that
statin significantly inhibited the proliferation of tumor cells in a dose-dependent manner, and the specific
mechanism may be that statin down-regulates the expression of c-myc and cyclinD1 through regulating
the RIP140/Wnt/B-catenin/TCF4 axis, and ultimately inhibits the liver cancer cell cycle [7]. When Wang et
al. used atorvastatin to act on a mouse xenograft model of hepatocellular carcinoma cell lines, they
observed that the statin induced GO/G1 phase cell cycle block to promote tumour cell growth inhibition
and induced senescence of hepatocellular carcinoma cells, and the mechanism may be related to the
down-regulation of hTERT expression by the statin through the inhibition of the IL-6/STAT3 signalling
pathway [8].

Modulation of Invasive Metastasis in Hepatocellular Carcinoma Cells

Tumor metastasis is the leading cause of cancer-related deaths, and epithelial-mesenchymal transition
(EMT) plays an important role. Integrins are cell surface receptors which mediate cell-to-cell and cell-
extracellular matrix interactions. They play a crucial role in tumor cell metastasis and target organ capillary
endothelial cell adhesion. Rho-dependent kinase (ROCK) is a Rho GTPase target protein, involved in tumor
cell metastasis and invasion. When Borna et al. used simvastatin to act on hepatocellular carcinoma cell
lines, they found that statin inhibited tumor cell proliferation and decreased the adhesion rate of tumor
cells to human umbilical vein endothelial cells, thus inhibiting tumor invasion and metastasis, and the
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mechanism may be related to statin's down-regulation of integrins and ROCK expression [9]. Matrix
metalloproteinases (MMPs) comprise a group of zinc-dependent endoproteinases that facilitate the EMT
process in malignant tumors. Danie et al. used diethylnitrosamine to induce the establishment of rat
hepatocellular carcinoma model, and found that pravastatin can significantly reduce the volume of rat
liver tumors, reduce the incidence of lung metastasis and the scope of metastasis, and the mechanism
may be related to the reduction of MMP-2 and MMP-9 expression by statin [10]. Osman et al. found that
fluvastatin dose-dependently inhibited TGF-B1-induced invasion and metastasis in Hep3B hepatocellular
carcinoma cell lines [11].

Regulation of Programmed Cell Death in Hepatocellular Carcinoma Cells

Apoptosis is the most common programmed cell death, which relies on caspase family activation to induce
extensive cleavage of hundreds of substrates and rapid cell death. Depending on the different activation
pathway, apoptosis can be categorized into endogenous apoptosis and exogenous apoptosis, in which the
Bcl-2 protein family is crucial in endogenous apoptosis. Huang et al. demonstrated a marked rise in tumor
cell death through simvastatin treatment in HepG2 and Huh7 hepatocellular carcinoma cell lines. This
mechanism may be linked to statin-induced up-regulation of Notch1 expression, leading to the promotion
of transcription of p53 and Bax and down-regulation of Bcl-2 expression [12]. Zhang et al. used fluvastatin
to act on HepG2, SMMC-7721 and MHCC-97H hepatocellular carcinoma cell lines, and found that tumor
cell apoptosis was increased in the statin-treated group, with a blockage of the cellular G2/M cycle, and a
decrease in invasive metastasis. The mechanism of behind these effects may be related to the activation
of the cytochrome c/Caspase-9/Caspase-3 pathway by statin leading to mitochondria-dependent tumor
cell apoptosis [13]. You et al. also found that pitavastatin promoted Caspase-9 and Caspase-3 activation
to induce apoptosis in hepatocellular carcinoma cells [14].

Inhibition of Hepatocellular Carcinoma by Statins in Combination with Other

Treatments

There are numerous treatment options for liver cancer, including surgical resection, liver transplantation,
local ablation, radiotherapy and targeted therapy. However, each treatment has its limitations. As liver
cancer is susceptible to recurrence and metastasis, patients frequently require a combination of
treatments to prolong survival, and a sensible combination of treatments and effective adjuvant therapies
are particularly important.

Combined with Surgical Treatment

Surgical resection represents the most effective radical therapy for patients with early-stage
hepatocellular carcinoma. Nevertheless, the high recurrence rate after surgery poses a persistent
challenge. Takahiro et al. retrospectively analyzed 643 patients with hepatocellular carcinoma who
underwent initial radical hepatectomy at Kyoto University Hospital from January 2000 to December 2014
and found that perioperative application of statins prolonged recurrence-free survival after radical
hepatectomy [15]. Liver transplantation has the advantage of low recurrence rate and high quality of
survival compared to other treatments, however, once recurrence occurs the 5-year survival rate is
extremely low. Cho et al. performed a time-dependent Cox regression analysis of 347 patients who
underwent liver transplantation for hepatocellular carcinoma and found that receipt of statin therapy was
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associated with a significantly lower risk of recurrence of hepatocellular carcinoma after correction for
other risk factors (hazard ratio = 0.32, 95% Cl = 0.11-0.89) [16].

Combined with Chemotherapy

Chemotherapy is one of the most important treatments for advanced hepatocellular carcinoma. As a
downstream effector of the hippopotamus signaling pathway, high expression of YAP1 is believed to be
associated with hepatocellular carcinoma progression and chemotherapy resistance. GUO et al. used
atorvastatin in combination with cisplatin to treat HepG2 and Huh-7 hepatocellular carcinoma cell lines
and found that statin significantly increased the sensitivity of tumor cells to cisplatin. The specific
mechanism may be that statin induces tumor cell apoptosis by downregulating YAP1 to activate Caspase-
9 and Caspase-3[17]. For unresectable hepatocellular carcinoma lesions, hepatic artery
chemoembolization (TACE) is a minimally invasive surgery with the characteristics of low systemic toxicity,
strong local effects, and excellent overall efficacy. In a prospective study of 183 patients with
hepatocellular carcinoma treated with palliative trans arterial chemoembolization (52 TACE combined
with pravastatin and 131 TACE alone), Hannah et al. found that 5-year survival was significantly longer in
the combination group (20.9 months, 95% Cl 15.5-26.3, p=0.003) [18].

Combined with Targeted Therapy

Sorafenib is a first-line targeted drug for treating advanced hepatocellular carcinoma, which works as a
multikinase inhibitor. However, its clinical efficacy is poor, with frequent cases of drug resistance and
adverse reactions. The mechanism of sorafenib resistance is complex and unclear, and has been reported
to be associated with increased EGFR expression, activation of the c-Jun and Akt pathways in
hepatocellular carcinoma cells, EMT activation, increased tumor stem cells, and a hypoxic
microenvironment [19]. Anaerobic glycolysis is characteristic of malignant tumor cells, and sorafenib
inhibits glycolysis in hepatocellular carcinoma cells [20]. PKM2 is a glycolysis rate-limiting enzyme and is
highly expressed in most tumors [21]. Feng et al. found that sorafenib combined with simvastatin could
re-sensitize sorafenib-resistant LM3 cell lines to sorafenib, and the specific mechanism might be related
to the fact that statin reduces the efficiency of glycolysis inhibits the proliferation of hepatocellular
carcinoma cells, and promotes apoptosis of tumor cells by inhibiting the HIF1a/PPAR-y/PKM2 signaling
pathway [22]. As an important cell membrane receptor that recognizes lipopolysaccharide (LPS), TLR4 can
activate hepatic stellate cells and promote hepatic fibrosis, in which NF-kB and MAPK are the important
conductor proteins downstream of TLR4, which are the key stimulators of hepatocellular carcinoma cell
proliferation and apoptosis inhibitors [23]. Yang et al. used sorafenib and fluvastatin to co-treat HepG2
and SK-Hep-1 hepatocellular carcinoma cell lines as well as diethylnitrosamine-induced rat hepatocellular
carcinoma models, and found that fluvastatin synergistically inhibited hepatocellular carcinoma cell
proliferation and promoted tumor cell apoptosis in vitro and in vivo in a synergistic manner with sorafenib.

The specific mechanism behind this effect may be that statin inhibits the LPS/TLR4-activated NF-kB/MAPK
signaling pathway in hepatocellular carcinoma cells [24]. Dasatinib is a potent second-generation BCR-
ABL1 tyrosine kinase inhibitor that has been shown to have therapeutic effects on a variety of tumors
[25]. El et al. used rosuvastatin in combination with dasatinib to treat HepG2 hepatocellular carcinoma
cell lines and diethylnitrosamine induced mouse hepatocellular carcinoma models. They found that the
combination therapy group was more effective in inhibiting tumor cell growth and promoting tumor cell
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apoptosis than the single therapy group. The mechanism may be that statin inhibits many target proteins
and signaling pathways downstream of VEGF, MMP-9, Survivin, Ras/Raf/ERK, and PI3K/Akt by inhibiting
the FAK/Src signaling pathway [26]. Xia et al. found that simvastatin combined with
sorafenib/gemfetinib/trametinib more significantly inhibited the proliferation of hepatocellular
carcinoma cells, and the mechanism included that statin inhibited the YAP-dependent
EGFR/PI3K/PDK1/YAP signaling pathway and inhibited the YAP-independent EGFR signaling pathway [27].

Combined with Other Drugs

Cyclooxygenase 2 (COX2) is widely expressed in malignant tumors and is involved in tumorigenesis and
development as well as resistance of tumor cells to chemotherapy. NS-398 is a highly selective COX2
inhibitor, and Sun et al. found that simvastatin synergized with NS-398 to produce stronger
antiproliferative and pro-apoptotic effects on hepatocellular carcinoma cells, and the main mechanism
was that statin inhibited the NF-kB and Akt pathways and activated the Caspase cascade reaction to
promote tumor cell apoptosis [28]. Celecoxib also belongs to the highly selective COX2 inhibitors, Gao et
al. used fluvastatin combined with celecoxib in male nude mice xenograft BEL-7402 cell hepatocellular
carcinoma model, and found that statin enhanced the anti-tumor ability of celecoxib, and the main
mechanism was that statin can inhibit the expression of VEGF to reduce the density of microvessels, up-
regulate the expression of cell-cycle protein-dependent kinase inhibitors p21Waf1/Cip1l to inhibit the
proliferation of tumors, and down-regulate the expression of Mcl-1 and Survivin to promote the apoptosis
of tumor cells [29]. Jian Gao et al. also found in their in vivo studies that fluvastatin can promote tumor
cell apoptosis and enhance the anti-tumor ability of celecoxib by inhibiting Akt activation and Survivin
expression [30].

Clinical Study on the Prevention and Treatment of Liver Cancer with Statin Drugs
Kim et al. conducted a nationwide nested case-control study by counting the Korean National Health
Insurance Service physical examination data from 2002-2013 and found that the risk of hepatocellular
carcinoma was significantly decreased in statin users compared with non-users (risk ratio = 0.44, 95% Cl =
0.33-0.58) [31]. Tracey et al. conducted a prospective propensity score-matched cohort study of 16,668
adults (6,554 on fat-soluble statins, 1,780 on hydrophilic statins, and 8,334 without statins) in Switzerland
from 2005-2013 and found that fat-soluble statins reduced the risk of hepatocellular carcinoma in a time-
and dose-dependent manner, whereas this effect was not found for hydrophilic statins, suggesting that
fat-soluble statins have a unique preventive effect against hepatocellular carcinoma [32]. Adeel et al.
followed 7,248 HCV-infected veterans in the United States for more than 2 years and found that statins
increased the rate of virologic response to antiviral therapy, decreased the progression of hepatic fibrosis
as well as inhibited the incidence of hepatocellular carcinoma [33]. Goh et al. analyzed 7713 chronic HBV-
infected patients in Korea between January 2008 and December 2012 and found that the use of statins
was inversely connected with the development of hepatocarcinogenesis [1]. Thrift et al. conducted a
retrospective cohort study of 15,422 veterans in the United States who were diagnosed with
hepatocellular carcinoma between 2002 and 2016 and found that statins reduced all-cause mortality in
patients with hepatocellular carcinoma [34]. Yoshikuni et al. analyzed 734 patients who underwent first-
time hepatectomy for hepatocellular carcinoma in Japan from 2003-2013 and found that the recurrence
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survival rate was significantly lower in the group taking statins than in the control group (P<0.001), and
the complete remission rate was higher than that in the control group (P=0.008) [35]. A prospective cohort
study in the United States found that the use of statins is associated with a significant reduction in
hepatocellular carcinoma related mortality in patients with non-alcoholic fatty liver disease [36]. A
retrospective study in the United States demonstrated that statins significantly reduced the risk of
hepatocellular carcinoma in patients with cirrhosis from non-alcoholic steatohepatitis and that this
protective effect of statin was dose-dependent [37].

Controversy about Statins against Hepatocellular Carcinoma

An increasing number of basic and clinical studies have shown that statins have a preventive effect on
hepatocellular carcinoma, but there are scholars who do not support the above view. Yi et al. followed
400,318 Koreans for an average of 8.4 years, with 1,686 ultimately diagnosed with hepatocellular
carcinoma, and found that total cholesterol levels had a strong negative correlation with the risk of
hepatocellular carcinoma, and that statins had no preventive effect on hepatocellular carcinoma [38].
Jeon et al. performed a multivariate Cox regression analysis of 1036 patients with stage | or Il
hepatocellular carcinoma diagnosed between 2007 and 2009 in the United States and found that statins
did not improve survival time in patients with early-stage hepatocellular carcinoma [39]. Kazuki et al. used
a variety of lipid-lowering drugs fed to STAM mice and found that Rosuvastatin neither inhibited the
progression of non-alcoholic steatohepatitis induced by streptozotocin and a high-fat diet in STAM mice,
nor reduced the incidence of hepatocellular carcinoma [40].

Summary

In summary, statins can play a tumor-suppressive role in many aspects of hepatocellular carcinoma
development. However, more randomized controlled double-blind, multicenter, prospective clinical trials
are needed for further evidence. As the prevention of cardiovascular and cerebrovascular first-line drugs,
statins or old drugs can be used for new purposes, adding a new highlight for the prevention and
treatment of tumors
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