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Abstract

BACKGROUND

Liver cancer is among the top five most common cancers globally. Lipid-
lowering drugs such as statins can lower the risk of liver cancer, but may also
cause liver damage. LipoCol Forte capsules (LFC), a red yeast rice product,
have demonstrated significant antihypercholesterolemic effects and a good

safety profile in clinical studies.

AIM
To evaluate whether LFC lowers the risk of liver cancer in adults in this

propensity score-matched, nationwide, population-based cohort study.

METHODS

We used data from Taiwan’s National Health Insurance Research Database,
which includes electronic medical records for up to 99.99% of Taiwan's
population. LFC users and LFC non-users were matched 1:1 by propensity
scores between January 2010 and December 2017. All had follow-up data for at
least 1 year. Statistical analyses compared demographic distributions including
sex, age, comorbidities, and prescribed medications. Cox regression analyses
estimated adjusted hazard ratios (aHRs) after adjusting for potential

confounders.

RESULTS
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We enrolled 33231 LFC users and 33231 non-LFC users (controls). No
significant differences between the study cohorts were identified regarding
comorbidities and medications [standardized mean difference (SMD) < 0.05].
At follow-up, e overall incidence of liver cancer was significantly lower in the
LFC cohort compared with controls [aHR .91; 95% confidence interval (CI):
0.86-0.95; P < 0.001]. The risk of liver cancer was significantly reduced in both
females (HR 0.87;95%ClI: 0.8-0.94; P <0.001) and males (aHR 0.93; 95%CI: 0.87-
0.98; P < 0.01) in the LFC cohort compared with their counterparts in the non-
LFC cohort. The antitumor protective effects applied to patients with
comorbidities (including hypertension, ischemic stroke, diabetes mellitus,
hyperlipidemia, hepatitis B infection and hepatitis C infection). Those using
LFC for more than 84 drug days had a 0.64-fold lower risk of liver cancer
compared with controls (P < 0.001). Compared with controls, the risk of
developing liver cancer in the LFC cohort progressively decreased over time;
the lowest incidence of liver cancer occurred in LFC users followed-up for more
than 6 years (27.44 vs 31.49 per 1,000 person-years; R 0.75; 95%CI: 0.68-0.82;

P <0.001).

CONCLUSION
This retrospective cohort study indicates that LFC has a significantly protective
effect on lowering the risk of liver cancer, in a dose-dependent and time-

dependent manner.
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Core Tip: LipoCol Forte capsules (LFC), a red yeast rice product, have lipid-
lowering effects and good safety reports. Lipid-lowering therapies such as
statins can lower the risk of liver cancer, but may also cause liver damage. We
evaluated whether LFC lowers the risk of liver cancer in adults in this
propensity score-matched, nationwide, population-based cohort study. The
LFC cohort had a 9% lower incidence of liver cancer compared with controls;
this lower risk was dose-dependent and time-dependent, with a 0.64-fold lower
risk found in those using LFC for more than 84 drug days. The lowest incidence

of liver cancer occurred in LFC users followed-up for more than 6 years.

INTRODUCTION

LipoCol Forte capsules (LFC) are a product of red yeast rice, which is made by
fermenting rice with yeasts, mainly Monascus purpureuslll. Asian countries and
territories, including China, Japan and Taiwan, have traditionally used red

yeast to make rice wine, increase the intensity of food flavoring and as a food
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coloring. Traditional Chinese medicine uses red yeast rice as a digestive aid, to
promote blood circulation and alleviate dampness. This fermented rice
contains several types of monacolins, gamma-aminobutyric acid, flavonoids,
pigments (e.g., rubropunctamine and monascorubramine), polyketides, and
dimerumic acidl%3l. Monacolins are known for their lipid-lowering qualities. In
particular, monacolin K lowers cholesterol levels by inhibiting hydroxymethyl
taryl coenzyme A reductase (HMG-CoA), the rate-controlling enzyme of the
cholesterol synthesis pathwaylll. The renowned lipid-lowering drug,
lovastatin, is mainly monacolin K. LFC has received approval from the Taiwan
Food and Drug Administration for the indication of antihyperlipidemial*l. Each
600 mg capsule of LFC contains the equivalent of 5.76 mg of lovastatin and the
recommended oral dose is twice dailyll. In a Taiwanese study involving 79
patients with hyperlipidemia, twice-daily dosing with Monascus purpureus
Went rice therapy (600 mg) LFC significantly reduced levels of Ew-density
lipoprotein (LDL) cholesterol, total cholesterol, triglycerides and
apolipoprotein B levels after 4 and 8 weeks compared with placebo therapy,
without any major side effectsl®l. In another study involving 1530 elderly
patients with hypertension and istory of myocardial infarction enrolled in
the Chinese Coronary Secondary Prevention Study, a partial extract of red
yeast rice reduced the incidence of cardiovascular events and all-cause
mortality by lowering LDL and total cholesteroll®l.

e Global Burden of Diseases, Injuries, and Risk Factors Study 2019
reported that liver cancer was among the leading five cancers globally.by

29

disability-adjusted life yearsll. Risk factors for liver cancer include viral

hepatitis (e.g., hepatitis B and hepatitis C), parasitic infestation, alcohol, toxins
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(e.¢., aflatoxin, pesticides) and insulin resistancelsl. In East Asia, hepatitis B and
C infections are major contributors to the development of liver cancer!sl.
Nonalcoholic fatty liver disease (NAFLD) has been reported by several studies
to be an important risk factor for liver cancer’l. Metabolic dysfunction related
to oxidative stress and lipotoxicity promote the development of chronic liver
inflammation and fibrosis, and consequently increase the risk of NAFLD-
related hepatocellular carcinoma (HCC)I®l. Recently, lipid-lowering therapies
such as statins have been linked to a lower risk for HCCI. However, these
drugs are associated with unwanted side effects such as elevated liver
enzymes, myalgia and diabetogenic effectsl™]. The risk of adverse drug
reactions can increase when statins are co-administered with cytochrome P450
3A4 inhibitors, so some patients discontinue statins in order to decrease the risk
of myopathy and other drug-related toxicities!!1l.

Similar lipid-lowering effects have been reported with red yeast rice
products, with a safety advantagel!2l. Up until now, no research has reported
the preventive effects of red yeast rice on the risk for liver cancer. We are the
first to propose that LFC, a red yeast rice extract, decreases the incidence of
liver cancer via lipid-lowering benefits. In view of the time-consuming nature
of cancer development, we decided to conduct a population-based
retrospective cohort study using data from the Taiwan National Health
Insurance Research Database (NHIRD) for this investigation into the

association between LFC use and liver cancer occurrence.

MATERIALS AND METHODS

Data source and ethics approval
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The data analyzed in this study were extracted from Taiwan’s NHIRD, which
was established in 1995 and now includes up to 99.99% of Taiwan’s population
with their electronic medical records. The database includes demographic data,
mprehensive inpatient and outpatient health care information, diagnostic
codes, and prescription details for each beneficiary. Prior to 2016, diagnoses in
the NHIRD used the International Classification of Diseases, Ninth Edition,
Clinical Modification (ICD-9-CM); since 2016, the Tenth Edition (ICD-10) has
been used. is study was approved by the Central Regional Research Ethics
Committee of China Medical University, Taichung, Taiwan [CMUH109-REC2-

031(CR-2)]. The encrypted nature of all individual information contained in the

NHIRD meant that informed patient consent could be waived.

Study population

The case cohort consisted of the LFC users (ATC: A047152) during the period
from January 2010 through December 2017. For the case cohort, e index date
was defined as the first date with a prescription of LFC, whereas for the LFC
non-users the index date was a random date within the study period. Patients
aged less than 20 years, who had been diagnosed with liver cancer or any other
cancer before the index date, or diagnosed with liver cancer within 1 year of
LFC use and withdrew from the insurance programfore the index date were
excluded. Each patient in the case cohort was frequency-matched with the
controls (randomly selected from all NHI beneficiaries aged 20 years and more)

%ﬁ 1:1 ratio by sex, age (every 5 years span), baseline comorbidities, medicine

and the index year (Figure 1).
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Main outcome and relevant variables

The main outcome of this cohort study was Ver cancer (ICD-9-CM codes 155.0,
155.1, 155.2; ICD-10-CM codes C220, C221, C228, C229). The end date of this
study was the date when the patients were diagnosed with liver cancer, were
lost to follow-up due to withdrawal from the NHIRD or death, or until
December 31, 2017. All disease codes including main outcomes and baseline
comorbidities were defined as at least 2 clinic visits or 1 inpatient admission.
Comorbidities included ypertension (ICD-9-CM codes 401-405; ICD-10-CM
codes 110, 111.0, 111.9, 112.0, 112.9, 113.0, 113.10, 113.11, 115.0, 115.1, 115.8, 115.9),
coronary heart disease (ICD-9-CM codes 410-414; -lU-CM codes 120.0,120.1,
120.8, 120.9, 121. 122, 124.1, 124.8, 124.9, 125.1, 125.2), hemic stroke (ICD-9-CM
codes 433, 434, 436, 437; ICD-10-CM codes 163, 165, 166, 167, 168, G46.3-G46.8),
hemorrhagic stroke (ICD-9-CM codes 430, 431, 432; D-lO-CM codes 160-162),
diabetes mellitus (ICD-9-CM code 250; ICD-10-CM codes EO08-E13),
hyperlipidemia (ICD-9-CM code 272; ICD-10-CM code E78), renal insufficiency
(ICD-9-CM codes 585, 586, 588.8, 588.9; ICD-10-CM codes N18, N19, N25.8,
N25.9), rrhosis (ICD-9-CM codes 571.2, 571.5, 571.6; -l 0-CM codes K70.2,
K70.30, K70.31, K74.0, K74.1, K74.2, K74.3, K74.4, K74.5, K74.60, K74.69),
coholic liver damage (ICD-9-CM codes 571.0, 571.1, 571.3; ICD-10-CM codes
K70.0, K70.10, K70.11, K70.40, K70.41, K70.0), NAFLD (D-9-CM code 571.8;
ICD-10-CM codes K74.4, K75.81, K76.0, K76.89), epatitis B virus (HBV)
infection (ICD-9-CM codes V02.61, 070.20, 070.22, 070.30, 070.32; ICD-10-CM
codes Z22.51, B16.2, B16.9, B18.1, B19.10, B19.11) and hepatitis C virus (HCV)
infection (ICD-9-CM codes V02.62, 070.41, 070.44, 070.51, 070.54; ICD-10-CM

codes 72252, B17.10, B17.11, B18.2, B19.20, B19.21) were matched. We also
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compared medication use between the study groups for statins (simvastatin,
lovastatin, fluvastatin, atorvastatin, pravastatin, and rosuvastatin), non-statin
lipid-lowering drugs (cholestyramine, colestipol, colesevelam, nicolar, lipo-
nicin, acipimox, probucol, gemfibrozil, bezafibrate, etofibrate, fenofibrate, and
ezetimibe), aspirin, HBV treatments (lamivudine, adefovir, entecavir,
telbivudine, tenofovir and peg-interferon a-2a) and HCV treatments (Harvoni,
Sovaldi, Zepatier, Maviret, Epclusa, Viekirax plus Exviera, Daklinza, Daklinza
plus Sunvepra and Interferon plus Ribavirin), metformin and
thiazolidinedione (TZD) (Pioglitazone and Rosiglitazone).

Statistical analysis

We used the Chi-square test to compare baseline demographic characteristics,
comorbidities and medication status between the LFC and non-LFC cohorts.
Categorical variables are listed as counts and percentages; the differences in
continuous variables are presented as the means and standard deviations, and
were evaluated using the unpaired Student’s t-test. The standardized mean
difference (SMD) was calculated to assess the difference of each variable
between the LFC users and non-LFC users. An SMD value of less than 0.05
indicated a negligible difference between the two cohorts. In this study, we
calculated the zard ratios (HRs) and 95% confidence intervals (CIs) in
univariate and multivariate Cox proportional hazard regression models.
Multivariate analysis adjusted for the variables of age, sex, comorbidities and
medications. %e Kaplan-Meier method was used to estimate the cumulative
incidence of liver cancer; the cumulative incidence curve was plotted by R

2
software. SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC,
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United States) was used for all statistical analyses. Statistical significance was
set as a P-value of less than 0.05.

RESULTS

Baseline demographics and comorbidities of the study population are shown
in Table 1. We enrolled 33231 tients in the LFC cohort and 33231 controls in
the non-LFC cohort. Similar proportions in the LFC cohort and non-LFC cohort
were male (52.46% and 52.25%, respectively); corresponding mean ages were
62.75 + 13.62yearsand 63.22 + 13.60 years, respectively. The study subjects
were predominantly aged 50 years and over. No significant differences
between the study cohorts were observed for the distributions of comorbidities
and medications (SMD < 0.05).

Analyses stratified for demographic characteristics, comorbidities and
medications in the patients with liver cancer are shown in Table 2. In analyses
adjusting for age, sex, comorbidities and medications, the overall incidence of
liver cancer was significantly lower in the LFC cohort than in the non-LFC
cohort (19.26 vs 20.62 per 1000 person-years; HR 0.91; 95%CI: 0.86-0.95; P <
0.001). The risk of liver cancer was significantly reduced in both females (HR
0.87; 95%CI: 0.8-0.94; P < 0.001) and males (aHR 0.93; 95%CI: 0.87-0.98; P <0.01)
in the LFC cohort compared with their counterparts in the non-LFC cohort. In
the subgroup aged over 50 years, LFC users d a significantly lower risk of
liver cancer compared with LFC non-users (aHR 0.91; 95%CI: 0.87-0.95; P <
0.001). In comorbidity-specific analysis, LFC users with hypertension (aHR
0.89; 5%CI: 0.84-0.94; P < 0.001), ischemic stroke (aHR 0.9; 95%CI: 0.81-0.99; P

< 0.05), diabetes mellitus (aHR 0.92; 95%CI: 0.86-0.98; P = 0.01), hyperlipidemia
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(aHR 0.93; 95%CI: 0.87-1; P < 0.05), HBV infection (aHR 0.91; 95%CI: 0.84-0.99;
P < 0.05), or HCV infection (aHR 0.9; 95%CI: 0.82-0.98; P < 0.05) were
significantly less likely to develop liver cancer compared with their
counterparts in the non-LFC cohort. Among patients with LFC using other
medications, those on aspirin (aHR 0.93; 95%CI: 0.87-1; P < 0.05) or metformin
(aHR 0.92; 95%CI: 0.85-0.99; P < 0.05) had a significantly uced risk of liver
cancer compared with patients on aspirin or metformin in the non-LFC cohort.

As shown in Table 3, when analyses assessed the risk of developing liver
cancer stratified by days of LFC use and adjusted for demographic factors,
comorbidities and medications, the risk of liver cancer was 0.94-fold lower
among patients using LFC for fewer than 28 drug days; 0.79-fold lower among
those using LFC for any time between 28 and 84 drug days and 0.64-fold lower
among those using LFC for more than 84 drug days with medication
consumption. After adjusting for age, sex, all comorbidities and medications
listed, stratified with each dose of LFC treatment, we found that a higher
cumulative dosage of LFC and longer duration had the most protective effects
against the development of liver cancer (aHR 0.46; 95%CI: 0.39-0.55) (Table 4).
When we further stratified the patients by duration of follow-up into three
groups including 2-3 years, 4-6 years and beyond 6 years (Table 5), the risk of
developing liver cancer in the LFC cohort progressively decreased over time
compared with the risk in the non-LFC cohort; the lowest incidence of liver
cancer occurred in LFC users followed-up for more than 6 years (27.44 vs 31.49
per 1000 person-years; aHR 0.75; @%CI: 0.68-0.82; P < 0.001). Figure 2 shows
the significantly lower cumulative incidence of liver cancer in the LFC cohort

compared with the non-LFC cohort after 8 years of follow-up (P < 0.001).
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DISCUSSION

Although previous studies have shown a benefit with statins in reducing the
risk of HCC, is is the first study using a population-based database to show
that LFC use significantly decreased the risk of liver cancer by 9% (aHR 0.91)
in analyses adjusted for sex, age, comorbidities and medication use.
Furthermore, the protective effect of LFC use was dose-dependent, with a
progressively lower risk of liver cancer seen with prolonged LFC use.

LFC is a product of yeast rice. Red yeast rice is a traditional Chinese food
that is created by fermenting a red yeast strain (most commonly Monascus
purpureus) with rice. The major active component in red yeast rice is monacolin
K (lovastatin), which has demonstrated good oral bioavailability in red yeast
rice products, including LFC['3], and has proven efficacy in the management of
dyslipidemia and prevention of steatohepatitisl!*15l. The ability of LFC to
prevent metabolic dysfunction suggests that this product may reduce oxidative
stress, chronic inflammation and lipid toxicities, and thus prevent liver cancer
developmentl®l. Other research has also suggested that red yeast rice helps to
prevent coronary heart disease, diabetes mellitus and cancer!'?l. Rice fermented
with Monascus purpureus reportedly inhibits prostate cancer by decreasing gene
expression of androgen-synthesizing enzymes and inducing autophagy!17.18l.
Other research also claims beneficial effects of red yeast rice in colon cancer,
breast cancer and liver cancers’®2ll. In another study, ankaflavin extracted
%m Monascus-fermented red rice inhibited the growth of human cancer cell

lines Hep G2 and A549 by cell cycle arrest and appeared to induce apoptosis/21l.

Monascus  purpureus CWT715 fermented extract has demonstrated
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antioxidation activity in the BNL cell line (mouse liver cancer) and
antimigratory, antiinvasive activities in SK-Hep-1 human hepatocarcinoma
cells by inducing nm23-H1 (non-metastasis protein 23-H1) protein
expression(2223]. Rubropunctamine and monascorubramine, the red Monascus
pigments, reportedly induce antimitotic effects on immortalized human kidney
epithelial cellsi?!l. Interestingly, azaphilone compounds extracted from rice
fermented with Monascus purpureus have shown selective cytotoxicity in
human cancer cells and not in normal cells at equivalent concentrationsl2526].
Dysbiosis is  correlated to liver carcinogenesis. A  higher
Firmicutes/Bacteroidetes ratio might be associated with a higher liver cancer
risk and lower response rate to nivolumab treatment/?’]. Red yeast rice can
modulate gut microbiota by decreasing Firmicutes, Bacteroidetes, and Clostridium
species and increasing Lactobacillus and Ruminococcacea?31l. This amelioration
of gut microbiota composition shows that red yeast rice has the potential to
prevent liver cancer occurrence. Thus, we hypothesized that LFC can prevent
liver cancer not only by lowering cholesterol levels, but also via direct
antitumor effects with possible mechanisms including cell cycle arrest,
antimitotic and gut microbiota modulation.

In subgroup analysis, the benefit of LFC use was significant in both males
and females, although LFC appeared to be more protective in females (aHR
0.87) than in males (@HR 0.93). This might be due to sex differences in liver
cancer, as for instance is the case with inflammation-driven HCC, which occurs
more often in males than in females32l. Moreover, gender differences exist in
the association between metabolic factors and HCC risk(®l. However, we

observed significant benefits with LFC treatment only in the over-50-year-old
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age group, reflected by the larger numbers of cases diagnosed with liver
cancers in older-aged patients. Our analyses adjusted for important
confounding factors including all lipid-lowering drugs, aspirin, metformin and
TZD. Statins have been shown in previous studies to reduce the occurrence of
liver cancer, with HRs ranging from 0.4 to 0.72[103436] A 2013 population-based,
case-control study conducted in Taiwan using NHIRD data revealed that statin
use reduced the likelihood of HCC by 28% (aHR 0.72)[36]. The same study also
identified that the individual statins lovastatin, simvastatin and atorvastatin all
significantly lowered the risk of HCCI3I. In our study, the fact that LFC shares
a similar pharmacological pathway to that of statins meant that LFC use
protected against the development of liver cancer in atients with
comorbidities including hypertension, coronary heart disease, ischemic stroke,
hemorrhagic stroke, diabetes mellitus, HBV and HCV infection. In patients
without major liver cancer risks such as cirrhosis, alcoholic liver damage,
NAFLD, HBV or HCV infection, LFC showed protective effects against liver
cancer (aHRs 0.83-0.9). Our results suggest that LFC use is also appropriate for
patients who are considered to be at “low risk” of liver cancer. LFC use was
beneficial in users of both statin and non-statin lipid-lowering drugs. However,
statistical significance was achieved only by the non-users (aHR 0.91 in the
statin cohort and aHR 0.9 in the non-statin lipid-lowering drug cohort), due to
limited case numbers or fewer synergistic effects because of similar
mechanisms between the different classes of lipid-lowering agents. Aspirin has
previously been reported to reduce the risk of HCC with increasing dose and
durationl?”l, which is similar to what we observed, with aHRs ranging from 0.61

to 0.73. Notably, patients not receiving HBV or HCV treatment still derived
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significant benefit from LFC use (aHR 0.83 in the HBV non-treatment cohort
and aHR 0.91 in the HCV non-treatment cohort). However, the HBV and HCV
treatment groups did not reach statistical significance, which is likely due to
the treatment of HBV and HCV reducing the progression of liver cancer and
potentially masking the LFC-induced protective effect. Moreover, Taiwan’s
NHIRD did not cover direct-acting antiviral agents in HCV treatment until
2016. Consequently, we only enrolled 8 cases in our cohort study and are
therefore unable to formulate any meaningful conclusion. Studies have
reported that metformin and TZD lower the risk of HCC, with aHRs ranging
from 0.49 to 0.72%%-41, Thus, we included these drugs in our analyses of
confounding factors, to exclude the possibility of an interaction. We observed
ignificant dose-dependent association between LFC use and the incidence of
liver cancer, with aHRs of 0.94, 0.79 and 0.64, respectively, for patients who
used LFC for up to 28 d, 28-84 d, or more than 84 d. Our result is similar to
reports from other drug-HCC prevention investigations ¢ 38, We also report
progressively wer cumulative incidence values of liver cancer among LFC
users compared with non-LFC users in the 4-6-year subgroup (aHR 0.92; P <
0.05) and in the over 6 years subgroup (aHR 0.75; P < 0.001). These findings
indicate that LFC use reduces the risk of liver cancer development in the long-
term.

Taiwan’s NHI is a universal healthcare system that covers nearly all of the
country’s population. The large database enhances the possibility of producing
conclusive patient data, with adjustment for sex, age, comorbidities and

medication use. However, several limitations must be noted with this study.

a
First, we used the ICD-9-CM (from 2010 to 2015) and the ICD-10-CM (from 2016
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to 2017) algorithms to define diseases diagnosed by clinical physicians. We
included only patients with correct ICD-9-CM or ICD-10-CM oding after a
single inpatient admission, or after two outpatient clinical visits, to increase the
validity and accuracy of comorbidity diagnoses. The major outcome of liver
cancer diagnosis was double-checked using the Registry for Catastrophic
Illness Patient Database. Second, the NHIRD data lack important information
on potential confounding factors, including body mass index, cirrhosis
severity, hepatitis viral load, alcohol consumption, environmental/chemical
exposure, and family history. Furthermore, biochemical data, abdominal
ultrasound reports, computed tomography reports, grading and staging of
liver cancer, cannot be defined in Taiwan’'s NHI database studies. The
demographic characteristics of our patients, the proportions with cirrhosis,
alcoholic liver damage or HBV/HCV infection, were not significantly different
between the groups. Thus, the background risk of liver cancer occurrence was
likely similar for each group. However, by highlighting potential confounding
factors, especially the aspect of drug interactions, our analysis is more
advanced than previous NHIRD studies. Third, although we took all potential
confounding factors into account, a causal relationship between LFC and liver
cancer risk could not be directly inferred owing to the observational nature of
this study. Thus, we excluded liver cancers diagnosed within 1 year of study
commencement. We also considered potential mechanisms in the management
of dyslipidemia, direct antitumor effects and microbiota theories as
explanations of our findings, as mentioned earlier. Longer-term, prospective

clinical studies are needed to confirm our findings.
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CONCLUSION
This is the first study to show that LFC use significantly decreases the risk of

liver cancer by 9% in analyses adjusted for sex, age, comorbidities, and
medication use. The protective effect of LFC was dose-dependent. Thus, our
results of this cohort study suggest that LFC therapy may be associated with
reducing risk of liver cancer over an 8-year follow-up. However, long-term
studies are needed to confirm our findings. Since LFC is a cheap and commonly
used product, prospective clinical trials are feasible and necessary to confirm

its beneficial effects on the prevention of liver cancer.
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