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Abstract: The progression of atherosclerosis and thus risk of cardiovascular disease is influenced by a variety of risk factors, including
high levels of low-density lipoprotein cholesterol (LDL-C) and low levels of high-density lipoprotein cholesterol (HDL-C). Lowering
the serum cholesterol level with diet or drug therapy slows the progression of angiographically documented coronary atherosclerosis
in patients with arterial bypass grafts. Statins, inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A reductase, are the most potent
pharmacologic agents for lowering total cholesterol (TC) and LDL-C.

We conducted a review analyzing clinical efficacy and safety of pitavastatin, the latest statin to be commercialized, including the most
important studies about pitavastatin published in the last ten years. Pitavastatin proved to be as effective as atorvastatin, and a little
inferior to rosuvastatin in improving lipid profile, it also proved to be safe and well tolerated. Because of its positive pleiotropic effects
on coronary plaque volume and fibro-fatty composition, pitavastatin could be a valid option for the treatment of hypercholesterolemia
and combined dyslipidemia.
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Introduction

The progression of atherosclerosis and thus risk of
cardiovascular disease is influenced by a variety of
risk factors, including high levels of low-density
lipoprotein cholesterol (LDL-C) and low levels of
high-density lipoprotein cholesterol (HDL-C).!? In
particular elevated LDL-C plays a pivotal role in
atheromatous plaque development and in progression
and rupture of the plaque which causes most of
the acute symptoms of acute coronary heart disease.’
The other risk factors, such as hypertension, diabetes,
smoking, male gender, and possibly inflammatory
markers appear to accelerate the disease driven by
atherogenic lipoproteins, the first of which being low-
density lipoprotein (LDL). The association between
serum cholesterol levels and the risk of coronary
heart disease is continuous;** it has also already been
proved that familiar hypercholesterolemia causes
premature coronary heart disease.®’

Familiar hypercholesterolemia is a disorder
characterized by the presence of high levels of
cholesterol in the blood caused by an absent or defec-
tive LDL receptor.® There is evidence that decreasing
serum cholesterol levels with cholesterol-lowering
drugs or dietary modification slows or reverses the
progression of coronary atherosclerosis and reduces
coronary events as showed by many randomized trials
that include more than 40,000 subjects.”!! Lowering
the serum cholesterol level with diet or drug therapy
also slows the progression of angiographically
documented coronary atherosclerosis in patients
with arterial bypass grafts.” Aggressive lowering of
the serum cholesterol level in patients with recent
myocardial infarction results in a rapid decrease in the
risk of subsequent ischemic cardiac complications, the
need for surgical revascularization, and death rates.'*!
The overall guidelines on cardiovascular disease
prevention in clinical practice strongly recommend
modulating the intensity of the preventive intervention
according to the level of the total cardiovascular risk.
Therefore, the targets should be less demanding when
the total cardiovascular risk decreases from very high
to high or moderate.!'*

Statins, or inhibitors of 3-hydroxy-3-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase, are the
most potent pharmacologic agents for lowering TC
and LDL-C. They have become an accepted stan-
dard of care in the treatment of patients with known

atherosclerotic cardiovascular disease (secondary
prevention) and also those at increased risk of car-
diovascular events. Until 2009 there were six statin
drugs commercially available in the US; although they
were chemically similar and had the same primary
mechanism of action in lowering TC and LDL-C,
there were differences in their efficacy or potency,
metabolism, drug-drug interactions, and individual
tolerability. Of the six statins available, three were
isolated from fungi (lovastatin, simvastatin, pravas-
tatin) and three were synthesized in the laboratory
(fluvastatin, atorvastatin, rosuvastatin).”” In August
2009, Food and Drug Administration approved
another statin, pitavastatin, for the primary treatment
of hypercholesterolemia and combined dyslipidemia
in patients where diet and exercise failed to lower
their cholesterol levels.

We have already written a review about HMG-
CoA reductase inhibitors, in particular about the
effect of a combination therapy with atorvastatin
plus amlodipine, observing that the combination of
amlodipine plus atorvastatin is more effective than
the single drugs alone in reducing blood pressure
and in improving lipid profile.'® Furthermore, the
combination of amlodipine plus atorvastatin also
improved small-artery compliance, inflammatory
markers, left ventricular hypertrophy and reduced
uric acid faster and more effectively than the single
drugs taken alone.

However, as already noted by Alagona, even if
statins are all HMG-CoA reductase inhibitors, each
one is unique and can exhibit significant differences
in chemical structure, bioavailability, enzyme-binding
characteristics, tissue penetration and retention, half-
life, metabolism and elimination, potency, dosage and
efficacy, drug-drug interactions, and safety."’

For this reason we decided to conduct a review to
test the efficacy and safety of pitavastatin in clinical
practice, both compared to placebo and to other
HMG-CoA reductase inhibitors.

Material and Methods

A systematic search strategy was developed to iden-
tify randomised controlled trials in both MEDLINE
(National Library of Medicine, Bethesda, MD; 2010
through July 2011), and the Cochrane Register of
Controlled Trials (The Cochrane Collaboration,
Oxford, United Kingdom). The terms “pitavastastin”,
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hypercholesterolemia”, “treatment of combined dys-
lipidemia”, “adverse events” were incorporated into
an electronic search strategy that included the Dick-
ersin filter for randomised controlled trials.'® The
bibliographies of all identified randomised trials
and review articles were reviewed to look for addi-
tional studies of interest. We reviewed all of the cita-
tions retrieved from the electronic search to identify
potentially relevant articles for this review. We sub-
sequently reviewed the potential trials to determine
their eligibility. To qualify for inclusion, clinical tri-
als were required to meet a series of predetermined
criteria regarding study design, study population,
interventions evaluated, and outcome measured.
Studies were required to be randomised trials com-
paring pitavastatin at any dosage with any other
anti-hypocholesterolemic drugs for the treatment of
hypercholesterolemia and combined dyslipidemia.
Eligible trials had to present results on lipid profile
variations or adverse events. Variations of total cho-
lesterol (TC), triglycerides (Tg), HDL-C, and LDL-C
that occurred during various trials were primary out-
comes of interest, as was the frequency of patients
having one or more adverse events such as myalgia.
The following data were abstracted onto standardized
case report forms: authors, year of publication, coun-
try of study, source of funding, study goal, means of
randomisation and blinding, duration of treatment,
treatment characteristics, sex, quantity of and rea-
sons for study withdrawal, age characteristics of the
treatment and control groups, outcomes, and adverse
event data. A validated, 3-item scale was used to eval-
uate the overall reporting quality of the trials selected
for inclusion in the present review. This scale pro-
vided scoring for randomisation (0-2 points), double-
blinding (0-2 points), and account for withdrawals
(1 point). Scores ranged between 0 and 5, and scores
3 indicated a study of high quality,'” and study selec-
tion was restricted to randomised controlled trials to
ensure the inclusion of only high quality evidence.

Mechanism of Action, Including

Key PK/PD Data

Pitavastatin belongs to the class of statins or HMG-
CoA reductase inhibitors. The enzyme HMG-CoA
reductase plays a central role in the production of
cholesterol in the liver. About 20%-25% of total

daily cholesterol production, in fact, occurs in the
liver; other sites of higher synthesis rates include the
intestines, adrenal glands, and reproductive organs.
Synthesis within the body starts with one molecule
of acetyl CoA and one molecule of acetoacetyl-
CoA, which are dehydrated to form HMG-CoA.
This molecule is then reduced to mevalonate by
the enzyme HMG-CoA reductase. This passage is
the regulated, rate-limiting and irreversible step in
cholesterol synthesis and is the site of action for the
statin drugs. Pitavastatin has a characteristic structure
with a quinoline ring at the core, a cyclopropyl
moiety, and a fluorophenyl group, similar to other
statins, especially fluvastatin and rosuvastatin.?® This
structure improves pharmacokinetics, with better
absorption and activity.”! After oral administration
of Cl4-labeled pitavastatin, the concentration is
54 times greater in the liver than in serum. The unique
cyclopropyl group on the base structure contributes
to a more effective inhibition of the HMG-CoA
reductase enzyme to inhibit cholesterol production,
and potentially affords greater LDL-C clearance
and reduction of plasma cholesterol. Pitavastatin
is only minimally metabolized by the liver through
the cytochrome P450 pathway, through which many
other medications are metabolized, reducing the risk
of interactions with other drugs.

The pKa values of pitavastatin were 5.36 (nitro-
gene of quinoline ring), and 4.40 (carboxyl moiety of
side chain); its empirical formula is C,,H, FNO,

Clinical Recommendations
Food and Drug Administration approved pitavastatin
for the primary treatment of hypercholesterolemia
and combined dyslipidemia in patients where diet and
exercise fail to lower their cholesterol levels.

Pitavastatin is available in three different dosages:
1,2 and 4 mg daily administered at any time of the day
without regard to meals. Therapy is usually initiated
at 2 mg daily and increased after 4 weeks up to a
maximum dose of 4 mg daily ifthe LDL-C target is not
reached. Doses greater than 4 mg daily are associated
with severe muscle toxicity. The recommended dose
for individuals with moderate renal dysfunction or on
dialysis is 1-2 mg daily.

Pitavastatin is contraindicated in patients with
a known hypersensitivity to any component of this
product, in patients with acute liver disease which
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may include unexplained persistent elevations of
hepatic transaminase levels, and during pregnancy.

Adverse Events

Common side effects of pitavastatin are similar to the
ones related to other statins and include back pain,
muscle pain, joint pain, constipation, diarrhea, and
abnormal liver function tests. In particular, according
to several large databases, the incidence of myopathy
is reported to be 0.08% with lovastatin and simvasta-
tin, while elevations of creatine kinase greater than ten
times the upper limit of normal have been reported in
0.09% of people treated with pravastatin. All currently
marketed statins appear to have a similar potential for
causing this adverse effect. Elevated hepatic transami-
nases, instead, are more frequent, and generally occur
in 0.5%-2.0% of cases and are dose-dependent.’>*
Liver function tests should be performed before, and at
12 weeks following both the initiation of therapy and
any elevation of dose and periodically (for example,
semiannually) thereafter. Like other statins, pitavas-
tatin may cause fatal rhabdomyolysis at any dose, but
most often at higher doses, or when used in combina-
tion with other drugs that increase its blood levels. All
patients should promptly report unexplained muscle
pain, tenderness, or weakness, especially if associated
with malaise or fever. Pitavastatin should be discon-
tinued if rhabdomyolysis is diagnosed or suspected.

Clinical Practice Evidences
For a summary of all the following studies, see
Tables 1 and 2.

Pitavastatin Compared to Placebo

Nakamura et al conducted a prospective, randomised,
placebo-controlled study to determine time course of
stabilization of echolucent carotid plaques by statin
therapy in patients with acute coronary syndrome
(ACS).** The study enrolled 65 patients with ACS,
the presence of carotid plaque [intima-media thick-
ness (IMT) =1.1 mm], and hypercholesterolemia.
Treatment with pitavastatin 4 mg/die or placebo
was initiated within 3 days after onset of ACS in
65 patients with echolucent carotid plaque. Vulner-
able carotid plaques were assessed by measuring
plaque echolucency using carotid ultrasound with
integrated backscatter (IBS) analysis before, and
1 month after treatment in all patients. The levels
of TC, Tg, LDL-C, C-reactive protein (CRP), vas-
cular endothelial growth factor, and tumor necro-
sis factor-o. were significantly decreased, and the
HDL-C levels were increased during treatment with
pitavastatin (P < 0.05 vs. baseline, and P < 0.01 vs.
placebo for all), but not with placebo. The fasting
insulin and glucose levels, and BMI did not change
during treatment in either group. The calibrated IBS
value of vulnerable carotid plaques did not change

Table 1. Summary of the studies cited in the review where pitavastatin is compared to placebo.

Study Duration Drugs involved Aim Results
Nakamura 1 month Pitavastatin To determine time course Pitavastatin improved carotid
et al** 4 mg/day or of stabilization of echolucent  plaque echolucency, in association
placebo carotid plaques by statin with decrease in the inflammatory
therapy in patients with biomarkers related to vulnerable plaques.
acute coronary syndrome.
Takashima 6 months  Pitavastatin To investigate the effect Pitavastatin induced significant coronary
et al?® 2 mg/day or of pitavastatin on regression  plaque regression, associated with a
placebo of human coronary plaque. significant reduction in the LDL-C level.
Yoshida 1 month Pitavastatin To investigate if pitavastatin Pitavastatin restores endothelial function,
et al? 2 mg/day or may improve endothelial even in chronic smokers, possibly through
placebo function in chronic smokers its antioxidative properties.
via its antioxidant properties.
Nagashima 2 weeks Pitavastatin To determine whether Pitavastatin might prevent endothelial
et al”’ 2 mg/day or pitavastatin might have an dysfunction caused by post-prandial
placeb effect on post-prandial hypertriglyceridemia within 2 weeks of
hypertriglyceridemia, and therapy in obese subjects.
thereby on endothelial
function in obese subjects.
314 Clinical Medicine Reviews in Therapeutics 2011:3
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Table 2. Summary of the studies cited in the review where pitavastatin is compared to other statins.

Study Duration Drugs involved Aim Results

Lee et al?® 2 months Pitavastatin To compare the Pitavastatin and atorvastatin
2 mg/day or efficacy and tolerability ~ did not differ significantly in
atorvastatin of pitavastatin and terms of the proportions of
10 mg/day atorvastatin in patients achieving the LDL-C

hypercholesterolemic goal; reductions in LDL-C,

Korean adults. TC, and Tg; or increases in
HDL-C. Both drugs were well
tolerated.

Toi et al® 2-3 weeks Pitavastatin To evaluate the Fibro-fatty composition and
2 mg/day or quantitative and plaque volume decreased
atorvastatin qualitative early effects  significantly following
10 mg/day of 2 statins on coronary  treatment with pitavastatin,

lesions using VH-IVUS.  which suggests that
pitavastatin might have a
higher affinity for fibro-fat
compared with atorvastatin.

Kawashiri 5 months Pitavastatin To compare pitavastatin  Pitavastatin and atorvastatin

et al*® 4 mg/day of or and atorvastatin efficacy caused significant and almost
atorvastatin and safety, especially comparable reductions in

20 mg/day regarding plasma levels serum levels of TC, LDL-C,
of coenzyme Q10. and Tg and significantly

increased serum levels of
HDL-C. Plasma levels of
CoQ10 were reduced by
atorvastatin, but not by
pitavastatin.

JAPAN ftrial®?>  8-12 months Pitavastatin To evaluate the effects The administration of
4 mg/day of or of aggressive lipid- pitavastatin or atorvastatin in
atorvastatin lowering therapy with patients with acute coronary
20 mg/day atorvastatin or syndrome equivalently

pitavastatin on resulted in significant
coronary plaque volume regression of coronary plaque
in patients with acute volume.

coronary syndrome.

Shimabukuro 6 months Pitavastatin To evaluate the effects Between the pitavastatin

et al* 2 mg/day or of pitavastatin and and atorvastatin groups,
atorvastatin atorvastatin on the lipid  changes in TC, LDL-C,

10 mg/day profile and lipoprotein non-HDL-C, LDL-C/HDL-C
subclasses in patients ratio were equivalent after
with type 2 diabetes 1, 3 and 6 months, but
with dyslipidemia. only pitavastatin increased

cholesterol of medium HDL
subclass. Serum triglyceride
and triglyceride contents in
VLDL and LDL subclasses
were decreased only by
atorvastatin.

CHIBA trial®* 3 months Pitavastatin To compare the efficacy Pitavastatin and

2 mg/day or
atorvastatin
10 mg/day

and safety of pitavastatin
and atorvastatin in
Japanese patients with
hypercholesterolemia

atorvastatin were equally
effective in improving the
lipid profile and were

well tolerated in

Japanese patients

with hypercholesterolemia.

(Continued)
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Table 2. (Continued)

Aim Results

Study Duration Drugs involved
Sasaki et al®®* 13 months Pitavastatin
2 mg/day or
atorvastatin
10 mg/day

Maruyama 19 months Pravastatin
et al* for placebo, (average dose: 10.3 mg),
39 for pravastatin, or atorvastatin
26 for atorvastatin, (average dose: 11.3 mg),
27 for pitavastatin.  or pitavastatin
(average dose: 2.3 mg),
or placebo
PATROL 4 months Atorvastatin

trial®” 10 mg/day, or
rosuvastatin
2.5 mg/day, or
pitavastatin

2 mg/day.
Yanagi 8 months Pitavastatin
et al®® (2 mg daily) or
rosuvastatin
(2.5 mg daily)

Pitavastatin was associated
with significantly greater
increases in HDL-C and Apo
A-l levels than atorvastatin.
Both treatments were well
tolerated.

To compare the effects
of pitavastatin and
atorvastatin on HDL-C
and other lipids and
glucose metabolism in
Japanese patients with
elevated LDL-C levels
and glucose intolerance.
To compare the efficacy
of statins on serum lipid  prevented major adverse
levels and to explore cardiac events compared with
the association between no statin, and pitavastatin
those changes and was the most effective of all.
cardiac events in patients

after percutaneous

coronary intervention.

To compare the safety The safety and efficacy of
and efficacy of these 3 strong statins are
atorvastatin, equal.

rosuvastatin and
pitavastatin head to
head in patients with
hypercholesterolemia.
To evaluate the
percentage changes

in LDL-C, HDL-C, Tg,
and LDL-C/HDL-C ratio
in patients with type 2
diabetes.

Each statin significantly

Both statins improved lipid
profile, and reduced pro-
inflammatory responses;
however, 2.5 mg of
rosuvastatin have a potent
LDL-C-lowering and hs-CRP
lowering effect compared
with 2 mg of pitavastatin in
patients with diabetes.

at 1 week, but it was favorably changed at 1 month
after treatment in both groups (P < 0.05 in both).
The echolucency at 1 month decreased more in the
pitavastatin than in the placebo group (P < 0.01). In
contrast, the IMT max did not significantly change
during treatment in either groups. In conclusion,
pitavastatin improved carotid plaque echolucency
within 1 month of therapy in patients with ACS, in
association with decrease in the inflammatory bio-
markers related to vulnerable plaques.

Similar results were recorded by Takashima
et al:* eighty-two patients undergoing intravascular
ultrasound (IVUS) guided percutaneous coronary
intervention were retrospectively assigned to either
pitavastatin 2 mg/day, or diet only. Serial volumetric
IVUS analyses of a matched left main coronary
arterial site were performed. The pitavastatin group

showed significantly lower values of TC (-21.8% vs.
baseline), and LDL-C (—=33.2% vs. baseline) compared
with the control group at follow-up (P < 0.001, for
both). No significant changes in these variables
were observed in the control group. Plaque volume
index was significantly reduced in the pitavastatin
group (—10.6% * 9.4%) compared with the control
group (+8.1% £ 14.0%, P < 0.001 vs. pitavastatin).
Furthermore there were positive correlations between
the percent change in the plaque volume index and
follow-up LDL-C level (r=0.500, P < 0.001), and the
percent change in LDL-C level (r=0.479, P < 0.001).
This study demonstrates that lipid-lowering therapy
with pitavastatin induced a significant regression of
the coronary atherosclerotic plaque burden in the left
main coronary artery, as assessed by serial 3D-IVUS
analysis.
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Yoshida et al enrolled 30 male chronic smokers,
with newly diagnosed mild hypercholesterolemia and
randomised them to take 2 mg once daily of pitavastatin
or to only continue lifestyle management for 4 weeks
(control group).? In the pitavastatin group, the percent
reductions in TC and LDL-C levels and oxidative stress
markers, such as the malondialdehyde-LDL-C (MDA-
LDL-C) level, and serum free radical activity, were
significantly larger compared with the control group:
there was a decrease of TC of —24.4% + 2.9% with
pitavastatin vs. —1.9% =+ 2.7% with diet; a decrease
of LDL-C of —32.3% £ 3.6% vs. =3.9% * 4.1%; a
decrease of MDA-LDL-C of —16.6% + 8.5% vs.
+7.5% * 7.2%; and a decrease of serum free radical
activity of —1.8% = 3.1% vs. 49.7% £ 4.5% in the
pitavastatin vs. the control group.

Nagashima et al enrolled twenty-four obese
male subjects and randomized them to receive
pitavastatin 2 mg/day or placebo for 2 weeks.”
An oral fat loading test was performed pre- and
post-treatment, in which the lipid profile and flow-
mediated dilation (FMD) were assessed before
and 4 h after the oral fat load. In the pitavastatin
group, significant decreases of the serum TC
(-16.4%), LDL-C (—19.5%), and Tg (-17.6%) were
observed. In addition, FMD increased significantly
from 10.4% £ 2.4% to 11.2% £ 2.1%. Significant
decreases of the post-prandial serum TC and LDL-C
by pitavastatin treatment were observed, similar to
the case in the fasting state. Post-prandial serum
Tg was markedly decreased (—36%), indicating
that the increase in post-prandial serum Tg was
attenuated by pitavastatin treatment (P < 0.001).
Concomitantly, the decrease in post-prandial FMD
noted pre-treatment was also completely abolished
following pitavastatin treatment (—1.1% + 1.2% vs.
0.1% = 1.0%, P < 0.001). No significant changes
were noted in the placebo group.

Pitavastatin Compared to Other Statins

Pitavastatin vs. atorvastatin

Lee et al compared the efficacy and tolerability of
pitavastatin and atorvastatin in hypercholesterolemic
Korean adults for 8 weeks.”® Two hundred and sixty
eight patients were randomised to receive either
pitavastatin 2 mg/daily or atorvastatin 10 mg/daily.
Patients who had not reached the LDL-C goal by week
4 received a double dose of the assigned medication

for an additional period of 4 weeks. At week 8, there
was no significant difference between the pitavastatin
and atorvastatin groups in the proportion of patients
achieving the LDL-C goal (92.7% with pitavastatin
and 92.0% with atorvastatin). In addition, there were
no significant differences between the pitavastatin
and atorvastatin groups in terms of the percent change
in LDL-C at the end of the study (—42.9 £ 12.7 vs.
—44.1 = 11.1 mg/dl), or in the percent changes in TC
(—28.2£10.7 vs. —29.6 = 8.4 mg/dl), Tg (-9.9 £ 41.7
vs. —11.0 £ 56.9 mg/dl), and HDL-C (7.1 = 17.4
vs. 6.7 = 15.9 mg/dl). Regarding high sensitivity
C-reactive protein (hs-CRP), at week 8, mean hs-CRP
concentrations decreased of —32.9% in the pitavastatin
group and of —15.4% in the atorvastatin group;
the between-group difference was not statistically
significant. Both pitavastatin and atorvastatin were
well tolerated.

Toi et al compared the effects of atorvasta-
tin compared to pitavastatin in patients with ACS
who underwent emergency percutaneous coronary
intervention (PCI).” Patients were randomised to
receive pitavastatin (n = 80; 2 mg/day) or atorvas-
tatin (n = 80; 10 mg/day) immediately after PCI for
2- to 3-weeks. The levels of TC and LDL-C were
significantly reduced after drug administration in
both groups (P < 0.001 in each). Both baseline and
follow-up TC and LDL-C were lower in the pitavas-
tatin group, but the percentage changes did not differ
significantly between the two groups. Tg was also
lower in the pitavastatin group at baseline and follow
up, but there was also no significant difference in the
percentage change between the two groups. HDL-C
did not change significantly after treatment in either
group. Plaque volume index, and fibro-fatty volume
index were significantly reduced in the pitavastatin
group, but not in the atorvastatin group. This study
showed that the plaque fibro-fatty composition was
significantly reduced and plaque volume was also
reduced by pitavastatin compared to the respective
values found with atorvastatin, suggesting that fibro-
fat is more sensitive to pitavastatin than to atorvasta-
tin in the early stage.

Kawashiri et al conducted an open, randomised,
crossover study using 4 mg of pitavastatin or 20 mg
of atorvastatin to compare their efficacy and safety,
especially regarding plasma levels of coenzyme Q10
(CoQ10) in 19 Japanese patients with heterozygous
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familial hypercholesterolemia.’® Both pitavastatin and
atorvastatin significantly decreased the serum levels
of TC (—35.4% with pitavastatin, P < 0.0001; -33.8%
with atorvastatin, P < 0.0001), LDL-C (—42.8% with
pitavastatin, P < 0.0001, —40.7% with atorvasta-
tin, P < 0.0001), and Tg (-26.1% with pitavastatin
P < 0.0001, —29.4% with atorvastatin, P < 0.0004),
and significantly increased the serum levels of HDL-C
(+12.1% with pitavastatin, P < 0.0001, and +11.4%
with atorvastatin, P < 0.002). Similarly, serum lev-
els of apolipoprotein A-I and A-II were significantly
increased, and those of apolipoprotein B, C-II, C-III,
and E were significantly decreased by both pitavas-
tatin and atorvastatin. However, there was no signif-
icant difference in the changes in serum lipids and
apolipoproteins between pitavastatin and atorvastatin
treatment. Regarding CoQ10, it is an essential cofac-
tor in the mitochondrial electron transport chain and
exists in almost all human tissues. Ubiquinol-10, the
reduced form of CoQ10, is a potent lipophilic antioxi-
dant, and the ratio between ubiquinol-10 and ubiqui-
none-10 is considered to be a good marker of oxidative
stress.’! Administration of pitavastatin did not change
plasma levels of total CoQ10 significantly (838.6 to
737.3 nmol/l (=7.7%, P < 0.39), whereas atorvasta-
tin significantly reduced plasma levels of total CoQ10
(864.6 to 599.9 nmol/l (-26.1%, P < 0.0007). The
reduction rate of plasma CoQ10 by atorvastatin
treatment was significantly greater than that by
pitavastatin treatment (P < 0.03). Plasma levels of
the reduced form of CoQ10, ubiquinol-10, showed
similar changes as total CoQ10 after pitavastatin and
atorvastatin treatment: from 659.9 to 572.2 nmol/l
(=7.4% P < 0.14) by pitavastatin and from 692.9 to
467.2 nmol/l (-23.0%, P < 0.006) by atorvastatin.
Interestingly, the reduction rate of plasma levels of the
oxidized form of CoQ10, ubiquinone-10, by pitavas-
tatin (15.4%) was not significantly different from that
by atorvastatin (8.3%) (P < 0.4). No adverse events
or abnormalities of liver and muscle enzyme were
observed after either statin treatment.

The JAPAN-ACS (Japan Assessment of Pitavas-
tatin and Atorvastatin in Acute Coronary Syndrome)
trial evaluated the effect of intensive statin therapy on
regression of coronary atherosclerosis in patients with
ACS.?*? In this prospective, randomised, open-label,
parallel group study, 252 patients were randomly
assigned to receive either 4 mg/day of pitavastatin

or 20 mg/day of atorvastatin. LDL-C decreased
from 130.9 £ 33.3 mg/dl (3.39 =+ 0.86 mmol/l) at
baseline to 81.1 + 23.4 mg/dl (2.10 = 0.61 mmol/l,
P < 0.001) in the pitavastatin group and from
133.8 £ 31.4 mg/dl (3.47 £ 0.81 mmol/l) to
84.1 £27.4 mg/dl (2.18 £ 0.71 mmol/l, P < 0.001) in
the atorvastatin group. HDL-C, as well as Tg, showed
comparable increase between the two groups. The per-
cent change in coronary plaque volume showed a sig-
nificant regression for both groups (—16.9% * 13.9%
in the pitavastatin group, —18.1% = 14.2% in the
atorvastatin group, and —17.5% + 14.0% for total
patients). Non-inferiority of pitavastatin to atorvas-
tatin and also atorvastatin to pitavastatin in terms of
percent change in plaque volume was proved show-
ing that pitavastatin provided a comparable benefit to
reduce plaque volume in such patients.

Shimabukuro et al randomised patients with
type 2 diabetes mellitus with hypercholesterolemia
and/or hypertriglyceridemia to receive pitavas-
tatin 2 mg or atorvastatin 10 mg for 6 months.*
As compared with baseline, serum levels of TC,
LDL-C, non-HDL-C and LDL-C/HDL-C ratio were
decreased after 1, 3, and 6 months of treatment in
the atorvastatin and pitavastatin groups. Serum lev-
els of Tg were decreased after 1, 3, and 6 months
of treatment with atorvastatin and after 3 months of
treatment with pitavastatin. Serum levels of HDL-C
were increased after 1, 3, and 6 months of pitavas-
tatin treatment, while HDL-C was not changed in
the atorvastatin group after 1, and 3 months of treat-
ment, and even decreased after 6 months. Between
the pitavastatin and atorvastatin groups, changes in
TC, LDL-C, non-HDL-C, and LDL-C/HDL-C ratio
were equivalent after 1, 3, and 6 months. By con-
trast, a significant difference was seen in change of
HDL-C after 6 months of treatment (+0.09 mmol/I
with pitavastatin vs. —0.06 mmol/l with atorvastatin,
P =0.006), and in apolipoprotein A1 levels (+0.10 g/l
with pitavastatin vs. +0.06 g/l with atorvastatin,
P < 0.05). Cholesterol levels of most VLDL and LDL
subclasses were decreased equally in both groups,
however, only pitavastatin increased cholesterol of
medium HDL subclass. Serum Tg and Tg contents in
VLDL and LDL subclasses were decreased only by
atorvastatin.

In the CHIBA study, 251 Japanese patients
with TC = 220 mg/dL were randomised to receive
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pitavastatin 2 mg or atorvastatin 10 mg for 12 weeks.*
Both pitavastatin and atorvastatin significantly reduced
non-HDL-C levels after 12 weeks of treatment by
39.0% £ 11.1% (P < 0.001) and 40.3% =+ 11.3%
(P < 0.001), respectively. Both drugs similarly and
significantly reduced TC, LDL-C and Tg. HDL-C
significantly increased in the pitavastatin group
(+3.2% £ 13.0%, P=10.033), but not in the atorvastatin
group (+1.7% £ 12.7%, P=0.221), without significant
intergroup differences. The efficacy of the two statins
in a subgroup of patients with metabolic syndrome (28
patients on pitavastatin, 25 patients on atorvastatin)
was further compared. Percent change from baseline
in LDL-C was significantly greater in the pitavastatin
(—45.8% + 8.8%) compared to the atorvastatin group
(—39.1% £ 12.1%, P = 0.0495 vs. pitavastatin). There
were no significant differences between pitavastatin
and atorvastatin in Tg and HDL-C, but pitavastatin sig-
nificantly reduced Tg (—25.2% * 22.1%, P < 0.001),
and increased HDL-C (+6.7% = 13.1%, P = 0.019)
compared to baseline. Both pitavastatin and atorvas-
tatin were well tolerated, with a similar low incidence
of treatment-emergent adverse events.

Sasakietal conducted astudy where 207 patients with
LDL-C levels = 140 mg/dL and glucose intolerance
were randomly assigned to receive either pitavastatin
2 mg/daily or atorvastatin 10 mg/daily for 52 weeks.*
Levels of serum lipids, lipoproteins and measures of
glucose metabolism [fasting insulin, fasting glucose,
glycated hemoglobin (HbA, ), and homeostasis model
assessment for insulin resistance (HOMA-IR)] were
obtained at baseline, and at 8, 26, and 52 weeks of
treatment. The percent increase in HDL-C levels was
significantly greater in the pitavastatin group than in
the atorvastatin group (+8.2 vs. +2.9, respectively;
P = 0.031). The percent change in Apo A-I was
also significantly greater in the pitavastatin group
compared with the atorvastatin group (+5.1 vs. +0.6;
P =0.019). The atorvastatin group had significantly
greater reductions compared with the pitavastatin
group in terms of the percent change in LDL-C
(—-40.1 vs. —33.0, respectively; P = 0.002), non-
HDL-C (-37.4 vs. =31.1; P = 0.004), Apo B (-35.1
vs. —28.2; P < 0.001), and Apo E (-28.1 vs. —17.8;
P <0.001). HDL-C levels were significantly higher in
the pitavastatin group compared with the atorvastatin
group at 8 weeks (P=0.013) and 52 weeks (P=10.034).
Pitavastatin was associated with consistently higher

levels of Apo A-I compared with the atorvastatin group
at each time point evaluated (8 weeks: P = 0.026;
26 weeks: P = 0.013; 52 weeks: P = 0.031). There
was no significant difference between pitavastatin and
atorvastatin in the percent changes in fasting plasma
insulin, fasting plasma glucose, HbA, , or HOMA-IR.
No differences regarding adverse events were recorded
between the two groups.

Pitavastatin vs. atorvastatin or pravastatin
Maruyama et al retrospectively investigated 743
consecutive patients who underwent PCI from 2001
to 2008.3 The patients had received pravastatin
(average dose: 10.3 mg), atorvastatin (average
dose: 11.3 mg), pitavastatin (average dose: 2.3
mg), or no statin; the endpoint was a composite of
cardiac sudden death, fatal or nonfatal myocardial
infarction (MI), death from worsening of chronic
heart failure (CHF), bypass surgery, target lesion
revascularization (TLR) and repeated PCI for de
novo lesion. As expected, compared with the no
statin treatment, each statin treatment showed a
significant reduction in LDL-C: -23.7% =+ 15.7%
with pravastatin (P < 0.001), —32.8% * 14.4% with
atorvastatin (P < 0.001), and —34.2% =+ 16.6% with
pitavastatin (P < 0.001). On the other hand, the
HDL-C level was increased of +13.4% + 22.9% in
the pitavastatin group (P =0.010, compared with the
no statin group, and P = 0.029 vs. atorvastatin). A
total of 88 major adverse cardiac events occurred
in the no statin group; among the patients treated
with a statin, a total of 41 events were recorded in
the pravastatin group, 31 events in the atorvastatin
group and 15 events in the pitavastatin group.

Pitavastatin vs. atorvastatin

or rosuvastatin

The PATROL (Randomised Head-to-Head Compari-
son of Pitavastatin, Atorvastatin, and Rosuvastatin for
Safety and Efficacy (Quantity and Quality of LDL)
Trial compared the safety and efficacy of atorvastatin,
rosuvastatin and pitavastatin head to head in patients
with hypercholesterolemia.’” Three hundred and two
patients with risk factors for coronary artery disease
and elevated LDL-C levels were randomised to receive
atorvastatin (10 mg/day), rosuvastatin (2.5 mg/day), or
pitavastatin (2 mg/day) for 16 weeks. Pitavastatin was
non-inferior to both atorvastatin and rosuvastatin with
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regard to efficacy in lowering LDL-C. There were no
differences in the rate of adverse drug reactions among
the 3 groups, but CRP decreased in the atorvastatin and
pitavastatin groups (P < 0.01); HbA  was significantly
increased in the atorvastatin and rosuvastatin groups
(5.68% £ 1.06% to 5.75% % 1.01%, 5.52% = 0.91%
to 5.58% % 0.80%, P < 0.01, respectively), but there
was no change in the pitavastatin group. Uric acid was
decreased in the atorvastatin and rosuvastatin groups
(5.19£1.23mg/d1t04.99+£1.12mg/dl,5.42+1.48 mg/dl
to 5.24 + 1.54 mg/dl, P < 0.05, respectively). Serum
creatine kinase was increased in the atorvastatin group
(116 £ 64 mg/dl to 132 £ 113 mg/dl, P < 0.05), and
estimated glomerular filtration rate was increased
only in the rosuvastatin group, while urine albumin
and o-microglobulin did not change statistically. The
changes of CRP, HbA , creatine kinase, uric acid, and
estimated glomerular filtration rate, however, were not
clinically significant.

Pitavastatin vs. rosuvastatin

Yanagi et al enrolled a total of 90 Japanese
type 2 diabetic patients with hyperlipidemia LDL-C
(=140 mg/dL) and randomly assigned them to four
groups with open-label treatment with rosuvastatin
2.5 mg daily or pitavastatin 2 mg daily; two
groups were sequentially treated with both drugs,
with crossover of medication after 12 weeks, and
the other two groups underwent treatment with
either rosuvastatin or pitavastatin for 24 weeks.*®
A significantly greater decrease in serum LDL-C
levels from the baseline occurred with rosuvastatin
(—44.1%) than with pitavastatin (—=36.9%, P < 0.01)
in the rosuvastatin-pitavastatin group, and a
significantly greater decrease with rosuvastatin
(—44.7%) than with pitavastatin (—-34.8%, P < 0.01)
in the pitavastatin-rosuvastatin group. A significant
reduction in serum LDL-C levels from the baseline
was also observed with rosuvastatin (—44.6% at
12 weeks and —5.5% at 24 weeks) in the rosuvastatin-
rosuvastatin group and there were no significant
differences between data at 12, and 24 weeks. A
significant reduction in serum LDL-C levels from
the baseline was also observed with pitavastatin
(—38.8% at 12 and 24 weeks) in the pitavastatin-
pitavastatin group and there were no significant
differences between data at 12 and 24 weeks. The
proportion of patients achieving LDL-C levels

< 120 mg/dL during the first 12-week period of
rosuvastatin treatment was significantly greater
(76.7%) than that with pitavastatin (51.2%, P=0.02).
Both rosuvastatin and pitavastatin significantly
increased serum HDL-C levels, and decreased Tg
levels without significant differences between the
four groups. Regarding inflammatory parameters,
both drugs significantly decreased plasma tumor
necrosis factor-o (P < 0.01), and plasminogen
activator inhibitor-1 levels (P < 0.01) from baseline
and there were no significant differences between
the four groups. A significantly greater decreases
in plasma hs-CRP levels occurred with rosuvastatin
(—20.1%) than with pitavastatin (—12.3%, P < 0.01)
in the rosuvastatin-pitavastatin  group, and
significantly greater decreases with rosuvastatin
(—28.8%) than with pitavastatin (—11.9%, P < 0.01)
in the pitavastatin-rosuvastatin group. A significant
reduction in plasma hs-CRP levels was observed
with rosuvastatin (-28.1% at 12 weeks [P < 0.01
vs. baseline] and —29.8% at 24 weeks [P < 0.01 vs.
baseline]) in the rosuvastatin-rosuvastatin group.

Discussion

The studies reported above proved that, as expected,
pitavastatin was more effective than placebo in
improving lipid profile.**?” Compared to other
previously commercialized statins, pitavastatin
proved to be as effective as atorvastatin in terms of
the proportions of patients achieving the LDL-C goal,
reductions in LDL-C, TC, and Tg,?*** but to be inferior
to rosuvastatin in lowering LDL-C, and hs-CRP
in patients with type 2 diabetes mellitus,*® placing
between atorvastatin and rosuvastatin in terms of
effectiveness (Table 3). Moreover, compared to other
statins, pitavastatin treatment was also associated
with a significant greater increase in HDL-C levels
(Table 3).*° The effects of statins on levels of HDL-C
have become a focus of research interest, because
it has been reported that individuals with a =7.5%
increase in HDL-C levels had a statistically significant
regression in coronary atherosclerosis (P < 0.001),
independent of LDL-C levels.** In a post hoc analysis
of the Treating to New Targets study,* HDL-C levels
during statin treatment were inversely related to the
risk of cardiovascular events, even among patients
with LDL-C levels < 70 mg/dL. Giving a major
increase of HDL-C** and of apolipoprotein Al,*
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Table 3. Effects of various statins on LDL-C, HDL-C, and their features.

Statin Dosage Average expected Average expected Reduction of the Mortality Metabolism
LDL-C reduction HDL-C increase risk of heart attack reduction
Fluvastatin 20 mg 22% Likely Likely CYP2C9
40 mg 25%
80 mg 35% 10%
Lovastatin 10 mg 21% Likely Likely CYP3A4
20 mg 24%—27%
40 mg 31% 5-8%
Pravastatin 80 mg 30%—37% 10% Yes Yes NonCYP
Simvastatin 10 mg 20%—-30% 4.2% Yes Yes CYP3A4
20 mg 30%—40% 5.0%
40 mg 35%—45% 5.0%
80 mg 40%—-50% 5.3%
Atorvastatin -~ 10 mg 30%—40% 5.5% Yes Yes CYP3A4
20 mg 42%—46% 6.0%
40 mg 47%—-51% 6.0%
80 mg 46%—-54% 8.0%
Pitavastatin 1mg 30%—35% Yes Yes CYP2C9
2mg 35%—40% 10%-15%
4 mg 40%—-48%
Rosuvastatin - 5 mg 30%—40% 5.5% Yes Likely CYP2C9
and CYP2C19
10 mg 43%—50% 6.1%
20 mg 52%—55% 7.0%
40 mg 55%—60% 8.0%

pitavastatin has a further positive effect on reducing
coronary atherosclerosis. This was confirmed by
Maruyama et al that observed that, despite giving
a similar reduction of LDL-C, pitavastatin resulted
superior to atorvastatin in reducing major adverse
cardiac events, due to their differing HDL-C raising
ability.’

Furthermore, differently from the majority of
other statins, pitavastatin appears to be a substrate of
CYP2C9, and not CYP3A4; as a result, pitavastatin is
less likely to interact with drugs that are metabolized
via CYP3A4, which might be important for elderly
patients who need to take multiple drugs.*’ A big
advantage of pitavastatin regards also the use in
patients with type 2 diabetes mellitus: in the JUPITER
trial, in fact, rosuvastatin significantly prevented
vascular events in men and women with elevated
hs-CRP, but increased the incidence of new-onset
diabetes more than the placebo,”” and a previous
published meta-analysis showed that statin therapy
was associated with a significantly increased risk
(9%) of the development of diabetes;* differently
from other statins, pitavastatin proved to not affect
glycemic control, or insulin resistance in patients with

diabetes.*** No differences regarding adverse events
were recorded between the various statins.

Other than these advantages, pitavastatin also
proved to have many pleiotropic effects: several stud-
ies, in fact, have shown that echolucent plaques are
histologically rich of lipids and macrophages, and,
for this reason, are unstable;**" pitavastatin proved
to improve carotid plaque echolucency, in associa-
tion with a decrease in the inflammatory biomarkers
related to vulnerable plaques such as vascular endothe-
lial growth factor and CRP.** Vascular endothelial
growth factor is an angiogenic growth factor, has pro-
inflammatory action and it is intimately associated
with plaque echogenicity and the extent of stenosis in
the carotid artery.*#

Similar results were obtained by Takashima et al*®
that demonstrated that lipid-lowering therapy with
pitavastatin induced a significant regression of the
coronary atherosclerotic plaque burden in the left
main coronary artery, as assessed by serial 3D-IVUS
analysis. A previous observational study showed a
relationship between left main coronary artery plaque
progression and adverse cardiac events; based on
these data, we can assert that plaque volume index
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regression by pitavastatin has the potential to reduce
cardiovascular events.”® Furthermore in a study by
Mizuguchi et al pitavastatin treatment improved
not only carotid arterial stiffness, but also regional
left ventricular systolic and diastolic function in
patients with hypercholesterolemia and preserved left
ventricular ejection fraction.’’

Another pleiotropic effect is that pitavastatin did
not significantly reduce plasma CoQ10, whereas
atorvastatin did, despite the fact that changes in
serum lipid and apolipoprotein parameters, including
detailed lipoprotein lipid distribution analysis and the
short-term safety after both statin treatments, were
almost comparable.’® CoQ10 is an essential cofactor
in the mitochondrial electron transport chain, and
60% of plasma CoQI10 is endogenous. Although
statins are generally well tolerated and safe, myopathy
and an asymptomatic increase in hepatic enzymes
are relatively frequent.’' It has been speculated that
depletion of tissue levels of CoQ10 may be at least a
potential cause of myositis or liver toxicity in humans,
so, not changing CoQ10, pitavastatin could be also
better tolerated compared to other statins.

Moreover,otherthanreducinghs-CRP, pitavastatin
also reduced resistin secreted by macrophages, that
is associated with high risk in patients with athero-
sclerosis.*® Pitavastatin also increased the plasma
adiponectin levels after 6 months of treatment.*
Adiponectin is exclusively expressed in and secreted
by the adipose tissue, it suppresses the attachment of
monocytes to endothelial cells, and also stimulates
nitric oxide production in vascular endothelial cells,
which ameliorates endothelial function and occurs
in abundance in the circulation,>* suggesting
the possibility of preventing the progression
of atherosclerosis by pitavastatin. Moreover,
pitavastatin also proved to be safe in patients with
chronic kidney disease, giving a significant increase
of the estimated glomerular filtration rate (+5.4 mL/
min/1.73 m?) after 104 weeks of pitavastatin
treatment (P < 0.001).¢

Conclusion

Pitavastatin proved to be as effective as atorvasta-
tin, and a little inferior to rosuvastatin in improving
lipid profile, it also proved to be effective in reducing
major adverse cardiac events, and to be safe and well
tolerated. Promising effects, such as reductions of

coronary plaque volume and fibro-fatty composition
that may translate to better clinical outcomes, make
pitavastatin a valid option for the treatment of hyper-
cholesterolemia and combined dyslipidemia.
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