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Abstract: The significance of statin treatment for the reduction of cardiovascular (CV) 
disease has been reported, whereas other reports have also described anti-cancer properties 
associated with the class effect of statins. However, the differences in anti-cancer effect of 
various types of statins have rarely been examined. Pitavastatin is a statin with a different 
chemical structure and pharmacokinetics from other statins, and the mechanism of the specific 
anti-cancer effect of pitavastatin has been reported in in vivo therapeutic models. We pre
viously revealed that pitavastatin therapy was superior to atorvastatin therapy in the prevention 
of CV events, despite similar LDL-cholesterol-lowering effect in the TOHO Lipid Intervention 
Trial Using Pitavastatin (TOHO-LIP). Furthermore, in subgroup analysis of the TOHO-LIP 
study, cumulative 240-week incidence of new cancer cases tended to be lower in the pitavas
tatin group compared to the atorvastatin group [0.32% (1/312) vs 1.94% (6/310), log-rank 
P=0.051]. This finding might reveal the superiority of pitavastatin to prevent carcinogenesis. 
The molecular mechanism by which pitavastatin suppresses the incidence of any-organ cancer 
is gradually elucidated, and new combination of cancer treatments with pitavastatin will be 
developed in the future to further enhance the anti-cancer activity and reduce the side effects. 
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Statins as Anti-Cancer Agents
Hydroxymethylglutaryl (HMG)-CoA reductase inhibitors, also known as statins, 
inhibit the production of mevalonic acid from HMG-CoA, leading to upregulation 
of hepatic low-density lipoprotein (LDL) receptor and resulting in potent LDL- 
cholesterol-lowering effect.1 Moreover, the significance of statin treatment for the 
reduction of cardiovascular (CV) disease has been reported.2,3 On the other hand, 
the BioBank Japan cohort study including 41,930 Japanese patients has indicated 
that statin treatment could potentially reduce mortality related to any-organ and 
colorectal cancer.4 Other reports have described anti-cancer properties associated 
with the class effect of statins, through inhibiting the HMG-CoA reductase pathway 
as well as cellular proliferation, migration, and survival of cancer cells by regulat
ing Rho, Ras, and Rac proteins.5 Statins have been demonstrated to inhibit Ras 
prenylation and downstream signaling of Ras, including extracellular signal- 
regulated kinase 1/2 (ERK1/2), Akt, and mammalian target of rapamycin 
(mTOR), thereby inducing apoptosis of cancer cells through suppression of gera
nylgeranyl diphosphate (GGPP) biosynthesis.6 However, the differences in anti- 
cancer effect of various types of statins have rarely been examined.
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Combined Pitavastatin and 
Capmatinib Enhances Tumor 
Growth Inhibition in in vivo 
Therapeutic Model
Pitavastatin is a statin with a different chemical structure and 
pharmacokinetics from other statins, and has been clinically 
available in Japan since 2003 for the treatment of primary 
hyperlipidemia or mixed dyslipidemia.7 The long-term 
safety and efficacy of pitavastatin is considered to be due 
to its low metabolism by CYP enzymes, resulting in mini
mal drug–drug interactions.8 Recently, Xu et al9 have 
reported the mechanism of the specific anti-cancer effect of 
pitavastatin in in vivo therapeutic models using oral and 
esophageal squamous cell carcinoma (OSCC and ESCC) 
cells. According to this report, pitavastatin inhibits tumor 
growth by downregulating AKT and ERK signals. In in vivo 
therapeutic models, pitavastatin enhanced the tumor growth 
inhibitory effect of capmatinib, a mesenchymal-epithelial 
transition (MET) specific inhibitor. In general, cancer cells 
invade basement membranes and metastasize to distant sites 
through MET. This study may provide new insight of the 
epigenetic change induced by pitavastatin as a sensitizer to 
overcome resistance to capmatinib monotherapy. Thus, 
research on the use of HMG-CoA reductase inhibitors, 
including pitavastatin, in cancer treatment is constantly evol
ving, and new combination therapies are expected in the 
future. Meanwhile, despite the promising basic research 
results, there are not enough reports on the status of carci
nogenesis in daily clinical practice.

TOHO-LIP Study Compared 
Pitavastatin and Atorvastatin
Atorvastatin is one of the most commonly used statins 
worldwide, and has been established to be effective for 
primary and secondary prevention of CV events in 
hypercholesterolemic patients.10 We previously conducted 
a multicenter, open-label, randomized controlled trial of 
head-to-head comparison between pitavastatin and ator
vastatin, named the TOHO Lipid Intervention Trial 
Using Pitavastatin (TOHO-LIP).11

This trial, which analyzed 622 hypercholesterolemic 
patients (mean age 65 years) with one or more CV risks, 
revealed that pitavastatin (2 mg/day) treatment was 
superior to atorvastatin (10 mg/day) treatment in the 
prevention of the primary end point which was 
a composite of CV death, sudden death of unknown 

origin, nonfatal myocardial infarction, nonfatal stroke, 
transient ischemic attack and heart failure requiring hos
pitalization, despite similar LDL-cholesterol-lowering 
effect of both statins. Furthermore, a subgroup analysis 
of TOHO-LIP suggests that increased preheparin (non- 
heparinized) serum level of lipoprotein lipase (LPL) 
mass by pitavastatin treatment may be associated with 
the preventive effect on CV events.12 We next conducted 
another subgroup analysis of the TOHO-LIP to compare 
the effects of both statins on carcinogenesis. This analy
sis showed that cumulative 240-week incidence of new 
cancer cases tended to be lower in the pitavastatin group 
compared to the atorvastatin group [0.32% (1/312) vs 
1.94% (6/310), log-rank P=0.051], as shown in Figure 1. 
The new cancer cases were as follows: (pitavastatin 
group) hepatocellular carcinoma 1, (atorvastatin group) 
lung carcinoma 2, hepatocellular carcinoma 1, prostate 
carcinoma 1, renal cell carcinoma 1 and gastric carci
noma 1. This finding revealed that pitavastatin treatment 
might be superior to atorvastatin treatment also for the 
prevention of carcinogenesis.

Molecular Biological Mechanisms 
for the Anticancer Effects of 
Pitavastatin
LPL, which is anchored on the surface of vascular 
endothelium and hydrolyzes triglyceride in the blood, is 
mainly produced in adipocytes and skeletal muscle cells.13 

We previously reported that pitavastatin enhances the 
expression of LPL protein and mRNA through activating 
adenosine monophosphate-activated protein kinase 
(AMPK) in skeletal muscle cells. AMPK activation is 
a pharmacological effect that is also shared by aspirin 
and metformin,14 which have been shown to have anti- 
cancer effects.15,16 Furthermore, the role of AMPK in 
suppressing MET by modulating the Akt signaling has 
been reported.17 When considered in conjunction with 
the aforementioned report showing interference with 
MET signaling by pitavastatin,7 the relationship between 
AMPK and MET may partially explain the effect of pita
vastatin in inhibiting carcinogenesis. Additionally, one of 
the major downstream signaling pathways regulated by 
AMPK is the mTOR pathway, which is consistently 
deregulated in cancer cells.18

Previous studies have revealed that pitavastatin induces 
apoptosis through the activation of caspases in in vitro and 
inhibits tumor growth in in vivo xenograft models in 
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OSCC and ESCC, glioblastoma, breast, liver, colon, ovar
ian and pancreatic cancers.19–25 These reports demon
strated that the effects of pitavastatin on the cell cycle 
arrest were enhanced through the upregulation of cell 
cycle regulators such as p53, p27 and p21. Furthermore, 
the activation of caspase-3/7 by pitavastatin and the pro
motion of expression of proapoptotic Bcl-2 family mem
bers support the notion that pitavastatin mediates apoptosis 
through the intrinsic apoptotic pathway. On a molecular 
level, pitavastatin treatment has also been demonstrated to 
upregulate the cell cycle regulator p21 and to inhibit 
nuclear factor-κB (NF-κB) in different cancer cells, 
which resulted in cell cycle arrest and apoptosis.26

The mechanisms of epigenetics have been shown to be 
deeply involved in the etiology of cancer. On the other 
hand, inhibition of the mevalonate pathway by statins 
directly or indirectly affects cancer cell growth, differen
tiation and apoptosis through epigenetic mechanisms. As 
described earlier, it has been revealed that the suppression 
of the MET signaling pathway via Golgi apparatus dys
function caused by pitavastatin was important for tumor 
growth inhibition in OSCC and ESCC,7 although other 
specific epigenetic change induced by pitavastatin as 
a sensitizer to overcome resistance to chemotherapy was 
not yet fully understood. On the other hand, non- 
epigenetic pathways modulated by pitavastatin have been 
reported. Otahal et al demonstrated the promising 

cytotoxic effects of the combination of pitavastatin and 
erlotinib using an EGFR-TKI-resistant human lung adeno
carcinoma cell line in which EGFR is mutated or 
overexpressed.27 In addition, Jiao et al found that admin
istration of pitavastatin to human MCF10A, one of the 
non-malignant breast epithelial cells, resulted in depletion 
of GGPP in the mevalonate pathway and starvation of 
amino acids, eventually leading to cell death.28

Conclusion
Pitavastatin treatment reduced the incidence of new cancer 
cases more efficaciously than atorvastatin treatment 
despite similar LDL-cholesterol-lowering effect of the 
two statins in the TOHO-LIP study. The molecular 
mechanism by which pitavastatin suppresses the incidence 
of any-organ cancer is gradually elucidated, and new 
combination cancer treatments with pitavastatin will be 
developed in the future to further enhance the anti-cancer 
activity and reduce the side effects.

Ethical Statement
The protocol of the TOHO-LIP study was prepared in 
accordance with Declaration of Helsinki and approved by 
the Ethics Committee of Toho University Sakura Medical 
Center (S18069). Informed consent was obtained in the 
form of opt-out on the website.

Figure 1 Incidence of new cancer cases in two statin groups. Kaplan–Meier curves for new cancer cases.
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