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Abstract: Statins, inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A reductase,
are the most potent pharmacologic agents for lowering total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C). They have become an accepted standard of care
in the treatment of patients with known atherosclerotic cardiovascular disease (secondary
prevention) and also those at increased risk of cardiovascular events. There are currently six
statin drugs commercially available in the US. Although they are chemically similar and have
the same primary mechanisms of action in lowering TC and LDL-C, there are differences
in their efficacy or potency, metabolism, drug—drug interactions, and individual tolerability.
Considering the numbers of patients who need LDL-C-lowering therapy and questions of
individual tolerance and therapeutic response, having a variety of agents to choose from is
beneficial for patient care. This paper presents background information on statin treatment
and reviews data regarding a new agent, pitavastatin, which has recently been approved for
clinical use.
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Outcome measure

Evidence

Implications

Disease-oriented
evidence

Patient-oriented
evidence

Competitive lipid-modifying
efficacy

Documented anti-
atherosclerosis

effects

Beneficial metabolic differences
compared to other available
statins (non-CYP type) and
lack of known drug—drug
interactions to date

No randomized clinical trial
outcome data

Provides another therapeutic choice

for a large patient population.
Considered a surrogate marker for
clinical outcomes and may provide
additional impetus for clinical use.

May provide an important choice in
certain patients or subgroups with statin
contraindications or prior documented
problematic drug—drug interactions.

Considering lack of significant outcome
data (even in light of class effect)
compared to other available statins as
well as the massive amount of clinical
experience with other products
pitavastatin uptake and use may be
limited.
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(Continued)
Outcome measure

Evidence

Implications

Economic
evidence

Lack of a large, diverse
clinical experience

Statin use in appropriately
defined patient populations
is considered cost-effective
and universally covered

by third party payers

Medical professionals are often wary

of new products and concerned over
potential side-effects and toxicity.

There is always concern over potential
problems not exposed in initial trials and
larger clinical experience (post-marketing
surveillance) is always helpful. This was
clear with the first statin, lovastatin, even
after FDA approval, as well as the last
one, rosuvastatin, especially regarding
potential muscle toxicity.

Although pitavastatin has convincing
efficacy and safety data available, as
much as other commercially available
statins at the time of their FDA
approval, cost considerations have
become a constant in day to day
practice. The presence of multiple
other competitive statins, including
generic “equivalent” products, and

the anticipated higher cost of a new
brand-name drug will present significant
challenges to this pharmaceuticals use.

Introduction

Dr Akira Endo at Sankyo Laboratories in Japan is credited
with isolating and identifying ML-236B from the fungus
Penicillium citrinum more than 30 years ago.! Named mevas-
tatin, this was the first 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitor. However, due to question-
able toxicity in experimental animals, it was never developed
commercially. Merck & Company later isolated MK803, or
mevinolin, from Aspergillus terreus in 1976. This drug was
found to lower total cholesterol (TC) and low-density lipo-
protein cholesterol (LDL-C) significantly, with an acceptable
safety profile, and resulted in the approval and commercial
release of lovastatin. Subsequently, a series of HMG-CoA
reductase inhibitors were developed and approved for clinical
use. These drugs are now known simply as statins.

Dozens of major clinical trials, with hundreds of thousands
of subjects enrolled, have consistently revealed not only signifi-
cant LDL-C-lowering efficacy and outstanding safety, but more
importantly, major reductions in almost all clinical manifestations
of atherosclerotic disease including coronary events, stroke,
and incidence of revascularization. As a result, morbidity and
mortality in every patient group studied has been significantly
decreased. Statins have revolutionized the prevention and
treatment of atherosclerotic cardiovascular disease.

Of'the six statins available, three were isolated from fungi
(lovastatin, simvastatin, pravastatin) and three synthesized
in the laboratory (fluvastatin, atorvastatin, rosuvastatin).
All contain a dihydroxy heptanoic acid moiety similar to

HMG-CoA and competes with it for binding with HMG-CoA
reductase (Figure 1). There are other chemical groups or
moieties which also participate in this competitive binding?
and enzyme inhibition.

The synthesis of sterols, including cholesterol, begins
with acetyl CoA. However, the rate-limiting enzymatic
reaction is two steps further down the chain with the conver-
sion of HMG-CoA to mevalonate by HMG-CoA reductase.
Statins inhibit this reaction and the production of mevalonate,
thereby reducing cholesterol synthesis (Figure 2). The num-
ber and type of chemical bonds a statin can establish with
HMG-CoA reductase determines its potency and therefore
determines its effects on cholesterol production.? Decreased
production of cholesterol decreases the hepatic intracellular
pool and subsequently provokes increased transcription of
LDL receptors on the surface of hepatocytes. These receptors
bind with apoproteins B (apoB) and E (apoE) on the surface
of very low-density lipoprotein (VLDL) and its remnant
particles, including LDL, intermediate density lipoprotein
(IDL), and lipoprotein (a) [Lp(a)],’ resulting in increased
uptake and decreased plasma levels of these particles. This
is the major mechanism leading to significant reduction of
not only LDL-C but all apoB particles (Figure 3). Statins also
decrease VLDL and apoB production in the liver.* Powerful
reduction of plasma TC and apoB lipoproteins does not
appear to lead to any known harmful structural (cellular,
tissue) or metabolic perturbations in adults. A variety of
nonstatin treatments resulting in TC-lowering, including ileal
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Figure | Statins share a number of chemical similarities. They all contain a dihydroxy heptanoic acid HMG-CoA like moiety, which competes for binding to HMG-CoA
reductase. The fungal statins all have a naphthalenyl ester base structure. The synthetic statins share a fluorinated phenyl group with a methylethyl side chain and a base
structure with five or six-member ring with one or more carbon atoms replaced by nitrogen. All these structural elements participate in binding to HMG-CoA reductase.
Copyright © 2009. Adapted with permission from McKenney JM, Ganz P, Wiggins BS, et al. In: Ballantyne CM, editor. Clinical Lipidology A Companion to Braunwald’s Heart

Disease. Philadelphia, PA: Saunders Elsevier; 2009.

bypass® and use of the bile acid sequestrant, cholestyramine,
have also led to decreased cardiovascular events.

Major clinical benefits from statin treatment appear
secondary to lowering of LDL-C.” However, numerous
experimental and clinical studies have revealed a number
of other actions or pleiotropic effects that may also affect
atherosclerosis and outcomes including:

Acetle-CoA Statins
HMG-CoA l

[ Mevalonate |— [Isopentenyl-PP]

HMG-CoA
reductase

Geranyl-PP

Farnesyl-pp

Squalene

Cholesterol

Figure 2 The rate limiting step in the conversion of Acetyl CoA to cholesterol
is 3-hydroxy-3-methylglutaryl-CoA to mevalonate. This reaction is mediated by
the enzyme HMG-CoA reductase and HMG-CoA reductase inhibitors, or statins,
competitively inhibit this activity.

e Reduction of inflammatory markers, including
high-sensitivity C-reactive protein (hsCRP) and evidence
of vascular inflammation® !

e Rapid improvement in endothelial function'>'?

e Plaque stabilization and atherosclerosis regression.®!?

Statin pharmacokinetics

The term “class effect” is now used to describe groups of
drugs which have the same basic mechanism of action.
Statins are all HMG CoA reductase inhibitors, however,
as with all drugs in any class, each 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.

Drugs in a class are not identical, and it should not
be assumed that they will behave identically in differ-
ent individuals. Some drugs in a class have a wealth of
data including outcomes supporting their use and others
little. Class effect is a simplistic term and its use, unfor-
tunately at times, may inappropriately affect therapeutic
choices.
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Figure 3 HMG-CoA reductase inhibitors (statins) reduce TC and LDL-C via a number of mechanisms: Decreased hepatic synthesis of cholesterol, decreased hepatic
intracellular cholesterol pool stimulating upregulation of LDL receptor activity, reduced VLDL secretion from hepatocytes leading to decreased remnant lipoproteins and

increased tissue uptake of apoB particles from the circulation.

Table 1 summarizes a number of pharmacokinetic features
of all currently available statins including pitavastatin.

Lovastatin and simvastatin are prodrugs which
require metabolic modification in the gut and liver with
hydrolysis of a lactone group to produce the active acid
form. Statins vary in their tissue solubility, some being
predominantly lipophilic or fat soluble, and others being
more hydrophilic or water soluble. Although the lipophilic
agents penetrate cell membranes more readily, there is
no evidence that this affects lipid-modifying efficacy,
outcomes, or toxicity.

These drugs exhibit limited bioavailability, with <25% of
an orally administered dose reaching the circulation. Because
muscle toxicity is directly related to serum statin levels, this
limited bioavailability may actually simplify clinical use by
creating a large therapeutic:toxicity ratio at all commercially
available doses. Greater than 80% of their dose is excreted via
the liver and gut with only a minimal amount by the kidneys.
Half-lives vary, being 1-3 hours for lovastatin, simvastatin,
pravastatin, and fluvastatin, and 14—19 hours for atorvastatin
and rosuvastatin.

Simvastatin and lovastatin are metabolized by cytochrome
(CYP) 3A4 enzymes, part of the CYP450 system in the liver,
and also undergo glucuronidation followed by lactonization
in the liver. They are then converted to an open-acid form
and excreted in bile and urine. Atorvastatin metabolism is
less dependent on this system. Fluvastatin and rosuvastatin
are eliminated mainly as the parent compound without major
modification, via bile and urine. Pravastatin is not metabo-
lized by the P450 system.

Because serum lipoproteins have half-lives of 203 days,
even short-acting statins can be administered on a daily
basis. Because cholesterol synthesis peaks at night, statins
are usually dosed in the evening, although this may be less
important for those agents with longer half-lives. However,
no significant differences in efficacy have been documented
when they are administered at different times of day.

Table 2 provides a list of drugs that may affect statin
metabolism. The most concerning interaction involves
drugs that compete for CYP3A4 enzyme metabolism in the
liver. Elimination of atorvastatin, simvastatin, and lovastatin
may be affected when administered with other drugs that
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compete for CYP3A4 metabolism. The result is increased
area-under-the-curve (AUC) and peak concentration for these
statins, potentially increasing the risk of muscle toxicity. The
most important drug groups are the azole antifungals (except
for fluconazole), macrolide antibiotics (except azithromycin),
protease inhibitors, some antidepressants, and grapefruit
juice.'®!8 The nondihydropyridine calcium channel blockers
(diltiazem, verapamil) are also metabolized by this same
system, and may increase serum lovastatin and simvastatin
levels. There is considerable concern with regard to statin-
fibrate combinations, but data reveal that the risk is basically
limited to statin-gemfibrozil combinations and is not due to
CYP interactions but to competition for glucuronidation with
certain statins. To date, there are no cogent data indicating a
significantly increased risk of muscle or liver toxicity with
fenofibrate, and a newer fenofibric acid product has Food and
Drug Administration (FDA) approval for use with low- and
moderate-dose statin therapy.'® Atorvastatin is less dependent
on CYP3A4 metabolism and there is less risk of significantly
increased plasma levels. Because pravastatin, fluvastatin, and
rosuvastatin are not metabolized using this pathway, there is
less concern when combining these agents with other selective
CYP3A4 inhibitors. Although the statins are all in the same
class, they have significant differences in their metabolism
and elimination, as well as drug—drug interactions.

Clinical efficacy and outcomes

Statins exhibit different lipid/lipoprotein-modifying effects,
and the most significant clinically is LDL-C-lowering potency.
There are substantial trial data indicating fairly predictable
lipid-modifying efficacy for each statin. Response and efficacy
may be affected by patient nonadherence, genetic mutations
affecting LDL structure (apoB) and receptor activity, as well
as initial lipid values prior to treatment. The STELLAR (Statin
Therapies for Elevated Lipid Levels Compared Across Doses
to Rosuvastatin) trial was a six-week, randomized, parallel-
group, open-label, comparator-controlled trial in 2431 adults
with hypercholesterolemia. STELLAR was adequately pow-
ered to compare lipid and lipoprotein responses for all statins
tested.?’ The results revealed that, on a milligram per milligram
basis, rosuvastatin was the most potent at LDL-C-lowering fol-
lowed by atorvastatin, simvastatin, and pravastatin. STELLAR
also showed greater attainment of the National Cholesterol
Education Program Adult Treatment Panel 111 (NCEP ATP
III)*' goals using rosuvastatin in patients with known coro-
nary heart disease (CHD) and risk equivalents. This included
goals for LDL-C, triglycerides (TG), and non-high-density
cholesterol (non-HDL-C).

Patients with atherosclerotic cardiovascular disease and
even mildly elevated TG > 200 mg/dL can have the athero-
genic dyslipidemia® characterized by decreased HDL-C
and increased TG. The presence of elevated TG may lead to
increased levels of atherogenic apoB lipoproteins, including
VLDL and remnant particles IDL, Lp(a), and small dense
(Pattern B) LDL. Although LDL-C, as defined by NCEP
ATP 11, is the primary target of therapy in these patients, cal-
culated LDL-C levels may not accurately reflect the number
and atherogenic potential of all apoB particles. Increased LDL
particle number can occur even with relatively unremarkable
calculated LDL-C levels. In this population, LDL particle
number may be a better predictor of cardiovascular risk than
calculated LDL-C, and treatment might also be directed at low-
ering the number of apoB particles. Statins lead to removal of
VLDL and LDL from plasma, leading to reduction in particle
number. Smaller denser particles appear to be preferentially
removed.”? The STELLAR trial also revealed that statins
are effective at lowering non-HDL-C? by all the mechanisms
noted. Non-HDL-C, a simple calculation (TC-HDL-C), may
be a more accurate way of estimating apoB and atherogenic
potential. NCEP ATP III indicates non-HDL-C as a secondary
target of therapy and recommends a goal of 30 mg/dL above
the chosen LDL-C goal.

Statins usually lead to minimal or modest increases in
HDL-C which are not as predictable as their LDL-C-lowering
effects. However, even modest increases in HDL-C may be
important. In the Scandinavian Simvastatin Survival Study
(4S) a mean dose of 27 mg of simvastatin led to a mean
increase in HDL-C of 6%, which was enough to contribute
to improved outcomes.?® Currently, rosuvastatin provides
the greatest increase in HDL-C levels, frequently >10% at
higher doses. When HDL-C levels are decreased, it might be
beneficial to consider using statins that increase HDL-C in a
more predictable fashion.

There are a massive amount of clinical trial data
regarding the benefits of statin treatment across a spectrum
of cardiovascular disease and risk reduction, including CHD,
death, nonfatal myocardial infarction (MI), acute coronary
syndrome (ACS), and stroke. There are significant reductions
in morbidity and mortality with relative risk reduction of
approximately 30% in the secondary population.?** An anal-
ysis of 14 trials with 90,056 subjects enrolled determined
that, for every 1% LDL-C-lowering with statins, there is a
0.88% reduction in first CHD events. This relationship begins
when LDL-C reduction is >20% over the baseline because
all the statin trials evaluated achieved this level of reduction.
The elderly obtain similar benefit from LDL-C-lowering
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with statins, as noted in the PROSPER (PROspective Study
of Pravastatin in the Elderly at Risk)? and Cholesterol
Treatment Trialists Collaborators studies.” Diabetic patients
treated with statins achieve great benefit with significant
reductions in events.?®3%3! It should be noted that even
with the most aggressive, higher-dose statin studies, there
is significant residual risk of cardiovascular events.'*3
These are the events that continue to take place in treated
patients, even when LDL-C goals are achieved. However,
ATP III LDL-C goal attainment remains unsatisfactory
at <40% in diabetic patients and <<60% for those with known
CHD.3} The availability of more potent statins improves goal
attainment. Statins appear safe in the pediatric (>two years
of age) and adolescent population.** However, there are no
published outcome studies in this population.

Pitavastatin

Pharmacokinetics

Pitavastatin is a potent HMG-CoA reductase inhibitor which
induces a substantial increase in LDL receptor activity and
lowers LDL-C. It has a characteristic structure (Figure 4) with
a quinoline ring at the core, a cyclopropyl moiety, and a flouro-
phenyl group, similar to other statins, especially fluvastatin and
rosuvastatin.®® This structure improves pharmacokinetics, with
better absorption and activity (Table 1).*¢ After oral administra-
tion of C-14-labeled pitavastatin, the concentration is 54 times
greater in the liver than in serum. Pitavastatin is more potent
at inhibiting cholesterol synthesis in vitro and is more effec-
tive at induction of LDL receptor expression and activity than
any other statin.?” In isolated rat liver microsomes, pitavastatin
inhibited HMG-CoA reductase activity in a concentration-
dependent manner, with an IC_; of 6.8 nmol/L, 2.4-fold higher

OH OH o

Figure 4 Chemical structure of pitavastatin. Note commonality to other statins
in Figure |.

than simvastatin and 6.8-fold higher than pravastatin. Similar
results were obtained in a cultured human hepatoma cell line,
with pitavastatin having a two-fold higher affinity for HMG-
CoA reductase inhibition than simvastatin and a 5.7-fold higher
affinity than atorvastatin. These data imply that pitavastatin is
a stronger inhibitor of HMG-CoA reductase activity than any
other statin, including rosuvastatin.*® Using the same cultured
human hepatoma cell model, pitavastatin was found to have a
superior ApoA-1 secretion-promoting effect compared with
simvastatin and atorvastatin.*

Pitavastatin has >80% bioavailability in rats and dogs,
and is selectively taken up by the liver.*® Figure 5 illustrates
the metabolic pathway for pitavastatin. Numerous lipophilic
drugs are metabolized in the liver by the CYP450 system.
Statins also utilize this pathway, simvastatin and atorvas-
tatin via CYP3 A4 and fluvastatin by CYP2C9. Pitavastatin
is lipophilic, but only minimally metabolized by CYPs. It
undergoes rapid glucuronidation by a series of enzymes and
is then converted to its inactive lactone form by elimina-
tion of glucuronic acid.**“*? There is minimal metabolism
by CYP2C9 which does not appear significant.*> Metabolic
properties of pitavastatin are similar to the hydrophilic
statins, pravastatin and rosuvastatin, and it is classified as
anon-CYP type. Administering pitavastatin 4 mg and ator-
vastatin 20 mg with grapefruit juice (a CYP3A4 inhibitor)
revealed an 83% increase in the AUC for atorvastatin and
only 13% for pitavastatin,®® consistent with insignificant
CYP interaction. Another study concluded that pitavas-
tatin compared with other statins did not significantly
inhibit CYP metabolism of a number of other substrates.*
These data indicate that pitavastatin has little drug—drug
interaction via CYP competition, especially CYP3A4, and
therefore may be safer to use than other statins in combina-
tion with a variety of CYP-metabolized drugs. The renal
excretion rate amounts to 2%, with a terminal half-life of 11
hours, suggesting pitavastatin is a long-acting HMG-CoA
reductase inhibitor.**

In a small study of six elderly aged > 65 years versus five
nonelderly aged 2224 years, subjects received repeated oral
administration of pitavastatin 2 mg daily for five days. The
elderly subjects did not exhibit different pharmacokinetic
properties.*? It does not appear from preliminary studies that
there is a difference in potential toxicity in the elderly or that
dose adjustment is necessary.

Ability to lower LDL-C

As with all statins, lowering of LDL-C, as well as safety
risk, increases in a dose-dependent fashion.* The greatest
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Table | Pharmaticokinetic variables of marketed statins

Variable Pitavastatin  Atorvastatin Fluvastatin Lovastatin Pravastatin Rosuvastatin Simvastatin
Prodrug No No No Yes No No Yes
Lipophilcity (log P) 1.49 4.06 3.24 4.30 -0.23 0.13 4.68

. 0.5-0.8 1.0-2.0 <I.0 2.04.0 1.0-1.5 3.0-5.0 4.0
T 1/2 (h) I 14 <3 2 2 19 1.4-3.0
Absorption (%) 80 30 98 30 34 40-60 60-80
Bioavailability (%) 60 14 24 <5 17 20 <5
Protein binding (%) 96 >98 98 >95 50 88 95
Major P450 metabolic CYP2C9 CYP3A4 CYP2C9 CYP3A4 None CPY2C CPY3A4
enzyme (minor) (minor)
Systemic active No Yes (2) No Yes (4) No Minimal Yes (3)
metabolites (n)
Renal excretion (%) 2 <2 <6 10 20 10 13

Note: This table lists the most important pharmacokinetic variables for all available statins including pitavastatin. The noteworthy difference which often effects drug selection
is the metabolic pathway, especially utilizing the CYP system, leading to drug—drug competition for metabolism and subsequent interactions. Log P or the logarithm of partial
coefficient of statins relates to lipophilicity (the higher the log P the more lipid soluble).

percent LDL-C-lowering occurs at the starting dose for all
these drugs. Initial LDL-C-lowering effects vary depending
on statin potency, and can be anywhere from >20% with the
weaker drugs and >40% with more powerful agents. Each
incremental dose commonly reduces LDL-C by another
6%—7%. Pitavastatin belongs in the category of potent statins,
with atorvastatin and rosuvastatin causing similar lowering
of LDL at comparable doses (Table 3). In one of the first
dose-finding studies done in Japanese patients with elevated
cholesterol, pitavastatin lowered LDL-C after 12 weeks by
34% at 1 mg, 42% at 2 mg, and 47% at 4 mg (Figure 6).*
A Phase III study in Europe revealed mean percent reduction
in LDL-C following 12-week administration of pitavastatin
2 mg (n = 315) and 4 mg (n = 298) to be 38% and 45%,

Table 2 Drug interactions with statins

respectively, which was comparable with that in the control
group taking atorvastatin 10 mg and 20 mg.*® A number of
other studies with pitavastatin alone or compared with other
statins, including pravastatin, simvastatin, and atorvastatin,
consistently reveal potent lowering of LDL-C.*! Efficacy
was also evaluated in 30 heterozygous familial hypercho-
lesterolemia patients. LDL-C decreased by 40% after eight
weeks using pitavastatin 2 mg and by 48% using 4 mg.**

Non-LDL-C factors

Substantial epidemiologic, experimental, and clinical
evidence supports the important protective role of HDL
in the prevention of atherosclerosis and cardiovascular
events. Although data regarding reduction of events with

Variable Atorvastatin Fluvastatin Lovastatin Pravastatin Rosuvastatin Simvastatin
Major P450 CYP3A4 CYP2C9 CYP3A4 None CYP2C9 CYP3A4
metabolic enzyme CYP2C8 (minor)

Azole antifungals Yes No Yes No No Yes
Nondihydropyridine Rare cases No Yes (up to a fourfold No No Yes (up to a fourfold
calcium-channel increase in statin increase in statin
blockers blood level) blood level)
Amiodarone NR No Yes No No Yes
Cyclosporine Yea NR Yes Yes Yes Yes

Macrolide No No Yes No No Yes

antibiotics

Gemfibrozil NR No Yes Yes Yes Yes

Fenofibrate NR NR NR No No No

HVI protease Yes No Yes No No No

inhibitors

Warfarin No No Yes No Yes No
Antidepressants Yes No Yes No No Yes

Note: Statins have numerous drug-drug interactions with multiple other groups/classes which often affect treatment decisions. However even within the statin class there
are differences among products. Pitavastatin has limited published data currently available however in clinical trials and a reported large post-marketing surveillance study no
specific drug—drug interactions of significance have been noted (NR not reported).'s!®
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Figure 5 Metabolic pathway for pitavastatin. Involvement of CYP2C9 is minimal. It is rapidly glucuronized by uridine diphosphate-glucuronyl transferase (UGT) and then

converted to a lactone form which is inactive.

pharmacologic interventions to increase HDL-C are less
robust than that for LDL-C- lowering, it may play an impor-
tant role in future preventive efforts. In addition to potent
LDL-C lowering pitavastatin has substantial efficacy data
for increasing HDL-C.

In a Phase III study completed in Japan, pitavastatin
2 mg/day significantly increased HDL by 8.9%. In total,
227 patients with elevated LDL-C (>140 mg/dL) were
enrolled (173 treated) in a 52-week, randomized, open-label,
parallel-group comparison of the effects of pitavastatin 2 mg
and atorvastatin 10 mg on HDL-C.® Pitavastatin increased
HDL-C by 8.2% versus 2.9% for atorvastatin (P = 0.031)
and apoA-I by 5.1% and 0.6%, respectively (P = 0.019) with
percentage change in LDL-C (—40.1 versus —33.0). LIVES
(Treatment Outcome Study of the LIVALO Effectiveness
and Safety)* enrolled 20,279 patients in a long-term (104-
week), prospective postmarketing surveillance study to
evaluate plasma lipids in those receiving pitavastatin. TC
was reduced by 21% and LDL-C by 31.3%. Mean TG were
reduced significantly when they were elevated (>250 mg/
dL) prior to treatment. HDL-C increased by 5.9%; however,

in 24.6% of those who started with HDL-C <40 mg/dL, it
continued to increase between 12 and 104 weeks. HDL-C
also increased when patients were switched from other
statins (Figure 7).

Pitavastatin’s effects on HDL metabolism were evalu-
ated in 29 patients with hypercholesterolemia on 2 mg for
four weeks. TC was decreased by 26.9%, LDL by 39.8%,
while serum HDL2 and HDL3 increased by 6.0 and 9.0%,
respectively.’® A Japanese comparative study of pitavastatin
and atorvastatin in hypercholesterolemic patients revealed
similar effects on non-HDL-C after 12 weeks of treatment
with pitavastatin 2 mg or atorvastatin 10 mg (decreased by
39% versus 40.3%, respectively). However, only pitavastatin
significantly increased HDL-C and decreased TG levels.*’
In patients with pretreatment TG > 150 mg/dL, a Phase 111
study documented TG reductions of 23% and 42% with
pitavastatin 2 mg and 4 mg, respectively.**** Although there
is no relevant head-to-head or crossover study data, this
level of TG-lowering may be comparable with that of most
fibrates, as well as high-dose omega-3-acid ethyl esters
(omega-3 fish oils or polyunsaturated fatty acids).
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Table 3 LDL lowering efficacy of statins

Dose
40 mg
80 mg
20 mg
40 mg
20 mg
40 mg
80 mg
40 mg
80 mg
10 mg
20 mg
40 mg
80 mg
5mg

Statin Average LDL reduction

-25%
-35%
—27%
-38%
—38%
—41%
—47%
—34%
-37%
-39%
—43%
-50%
—60%
—45%
—52%
—56%
—63%
—34%
—42%
—47%
—55%

Fluvastatin

Lovastatin

Simvastatin

Pravastatin

Atorvastatin

Rosuvastatin
10 mg
20 mg
40 mg
Pitavastatin I mg
2 mg
4 mg
8 mg

Note: Comparative LDL-C lowering efficacy of statins obtained from multiple
trialsﬂ“"“"’“"""

The effect of pitavastatin on small dense LDL as well
as other remnant particle cholesterol was evaluated by
Nozue et al.*® Seventeen patients with heterozygous familial
hypercholesterolemia were randomly assigned to either
pitavastatin 2 mg or atorvastatin 10 mg. LDL-C, small dense
LDL, and remnant lipoprotein cholesterol were measured
prior to and after 12 weeks of treatment. Pitavastatin
decreased small dense LDL by 63% from baseline and
atorvastatin by 55% (both P < 0.001). Remnant lipoprotein
cholesterol was reduced by 16% with pitavastatin and by
45% in the atorvastatin group. There were no significant
differences in results between the two treatments. Similar
studies’*% are consistent with regard to pitavastatin’s effects
on LDL-C and remnant lipoproteins.

Pitavastatin has potent efficacy in lowering LDL-C and
non-HDL-C, in addition to significantly increasing HDL-C
and lowering TG. It improves other atherogenic lipid parame-
ters, including decreasing small dense LDL, particle number,
and remnant lipoprotein cholesterol. This therapeutic profile
may be especially beneficial in those with metabolic syn-
drome, diabetes mellitus, and atherogenic dyslipidemia.

Pleiotropic effects
Nonlipid risk factors for atherosclerosis and cardiovascular risk,
as mentioned above, may include vascular inflammation® with

a variety of markers, including hsCRP. Numerous studies and
publications consistently reveal hsCRP to be at least a marker
of increased risk, if not an active participant in the process.®
Although numerous lipid-modifying drugs lower hsCRP, the
statins have the most predictable and potent efficacy when
used as monotherapy.”!® Pitavastatin significantly reduced
hsCRP in an adult diabetic Japanese population with hyperc-
holesterolemia, even when hsCRP was only mildly elevated.®
Like other statins, pitavastatin appears to be a modulator of a
variety of vascular and inflammatory markers via inhibition of
mRNA expression of interleukin-8, endothelin-1, and plasmi-
nogen activator inhibitor-1, along with increased expression
of endothelial nitric oxide synthase and thrombomodulin in
human umbilical vein endothelial cells.®>%¢ In rats, pitavastatin
at therapeutic doses inhibited proliferation and migration of vas-
cular smooth muscle cells via suppression of angiotensin Il and
platelet-derived growth factor.®*¢’ Statins improve endothelial
function rapidly and increase nitric oxide production.
Although plaque stabilization and atherosclerosis
regression are often considered to be a surrogate marker for
decreased clinical events and result from modification of
lipid/metabolic risk, other factors may be involved. Numer-
ous animal and human studies using histologic and various
imaging techniques have consistently revealed the beneficial
effect of statins.'® Using Watanabe heritable hyperlipidemic
rabbits, 0.5 mg/kg of pitavastatin significantly reduced
VLDL, IDL, and LDL, and prevented progression of athero-
sclerosis.®® Pitavastatin at 1 mg/kg in balloon-injured rabbit
carotid arteries reduced the risk of restenosis by decreasing
neointimal thickening by up to 70%.% Concomitant reduc-
tions in fibronectin and collagen-rich areas by 39% and 33%,
respectively, were noted. Pitavastatin may prevent vascular
restenosis by inhibiting smooth muscle cell proliferation and
extracellular matrix deposition. Hiro et al’® in a multicenter,
prospective, randomized, open-label, parallel-group study
utilized intravascular ultrasound in >300 patients with ACS.
Of'these patients, 252 had initial and 8—12 month intravascular
ultrasound evaluations to assess percent change in nonculprit
plaque volume when comparing atorvastatin 20 mg/day versus
pitavastatin 4 mg/day. Results revealed a significant decrease
in plaque volume or atheroma burden for both drugs, with
no statistical differences between the two. Negative vessel
remodeling was also documented. This is consistent with
another intravascular ultrasound study in 82 patients undergo-
ing percutaneous coronary intervention.” Forty-one patients
were treated with pitavastatin 2 mg/day versus placebo.
Significant reduction in plaque volume index occurred with
active drug versus placebo (—10.6% versus +8.1%). There was
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Figure 6 Mean percent change in TC, LDL-C, HDL-C and TG from baseline values with daily dose pitavastatin for 12 weeks: Yellow Bar | mg, Orange Bar 2 mg, Gray Bar 4 mg.
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Figure 7 Data obtained from the post-marketing “LIVES Study” assessed standard lipid parameters in large numbers of patients along with a more in-depth analysis of
pitavastatin’s effect on HDL-C over 104 weeks as well as after switching from other statins. In the low-HDL-C group HDL-C increased 14% at 12 weeks and 24.6% at
104 weeks. Significant increases in HDL-C by pitavastatin also occurred after switching from other statins.

Note: % change in HDL from no initial pharmacologic treatment (light blue bar) versus any lipid therapy (dark blue bar) and the indicated statins after switching to pitavastatin
mean dose <2 mg/day.%
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a close correlation between plaque volume index and LDL-C
levels. Nakamura et al” evaluated the time course of stabili-
zation of echolucent carotid plaques with statin treatment in
patients with ACS. Sixty-five patients were identified using
carotid ultrasound; 33 received 4 mg pitavastatin and 32
received placebo. The treated group had a significant decrease
in echolucent plaque versus placebo. Pitavastatin appears to
improve plaque stabilization and increase atherosclerosis
regression rapidly and significantly.

Safety and tolerability

An early Phase II dosing study in the US tested pitavastatin at
higher doses of 8, 16, 32, and 64 mg. There was no dose titra-
tion. Within 2—4 weeks, an unacceptable incidence of myo-
toxicity, defined as myalgia, creatine kinase (CK) levels >10
times the upper limit of normal, and myoglobinuria, occurred
with doses in excess of 16 mg.”® Within two weeks, symp-
toms resolved and all CK levels returned to normal. Another
dose-ranging study utilizing 1-8 mg/day in hyperlipidemic
patients for six weeks did not report significantly increased
adverse drug reactions (ADR), and at the 8 mg dose LDL-C
was lowered by 65%. Early clinical trials in Japan revealed
ADR defined by signs or symptoms in 50 (5.6%) of 886
patients, and minor liver enzyme elevations in 167 (18.8%),
similar to the incidence with other statins.” The incidence of
ADR was not dose-dependent from 1-4 mg/day. There was
no increase in the incidence, severity, or appearance of new
ADRs with long-term administration. Double-blind Phase
IIT studies comparing starting doses of pitavastatin 2 mg,
pravastatin 10 mg, simvastatin 20 mg, and atorvastatin 10 mg,
revealed similar safety profiles.**-*° The LIVES study,> which
enrolled over 20,000 patients with hypercholesterolemia for
up to two years, analyzed cumulative results after initiation
of pitavastatin. The incidence of ADR was 6.1%. Reported
ADR is 12% for atorvastatin and 11% for rosuvastatin.”>”” At
two years, the incidence was 10.4%, with 2.1% considered
musculoskeletal and 1.0% attributable to liver dysfunction.
The significant majority of ADR were classified as mild
and less frequent than with other potent statins. These data
appear to be consistent with a decreased incidence of ADR
for pitavastatin compared with the other more potent statins
available. A stratified analysis of the occurrence of ADR
when administered with a variety of other drugs did not
reveal any increase, even with concomitantly administered
azole antifungals, macrolide antibiotics, coumarin antico-
agulants, antiplatelet agents, antihypertensive, or diabetic
drugs. This is most likely due to lack of competition for CYP
metabolism. ADR with high-dose statins may be related to

decreased coenzyme Q10 levels. A randomized, crossover
study comparing pitavastatin 4 mg and atorvastatin 20 mg
in 19 Japanese patients with heterozygous familial hyperc-
holesterolemia revealed that plasma levels of coenzyme Q10
were reduced by atorvastatin (—26.1%, P = 0.0007) but not
by pitavastatin (=7.7%, P = 0.39).7®

As already discussed, pitavastatin, considered a non-
CYP metabolized drug, does not appear to compete for, or
inhibit, CYP metabolism, including CYP3A4, and so far
has no documented significant drug—drug interactions. This
addresses an extremely important issue for medical prac-
titioners. Concern over interactions and potential toxicity
often determines or modifies treatment decisions, especially
for combination lipid modifying therapy. The possibility of
myopathy, especially with statin-fibrate combinations, has
prevented health care professionals from more aggressive
risk assessment of combination dyslipidemia, such as athero-
genic or diabetic dyslipidemia, and initiating combination
drug therapy. This appears to be due to increased concern
about myotoxicity with statin-fibrate combinations. However,
careful review of the literature shows that the risk is slight,
and most commonly secondary to a statin-gemfibrozil com-
bination.'3”>% The statin-fenofibrate combination does not
appear to increase the risk of myopathy significantly®'#? or
other organ toxicity. Fenofibric acid, recently FDA-approved
with an indication for use with initial and moderate-dose
statins, may also be preferable for combination use if the
practitioner is concerned about potential toxicity** or medi-
colegal issues.

There are reports of statins adversely effecting glucose
metabolism.®# Seventy-nine statin-naive diabetic patients
with hypercholesterolemia received pitavastatin 1 mg or
2 mg for eight weeks. There were no statistically significant
changes in fasting glucose or glycosylated hemoglobin
(HbA ). Glycemic control was evaluated in patients with
diabetes mellitus and receiving atorvastatin 10 mg (n=99),
pravastatin 10 mg (n = 85), or pitavastatin 2 mg (n =95) for
three months.* Random blood sugar and HbA | deteriorated
mildly only in the atorvastatin-treated patients. Pitavastatin
has no significant effect on parameters of glucose metabo-
lism in normoglycemic or diabetic subjects.

Clinical trial safety data will have to be supported by
larger, more diverse and longer-duration postmarketing
surveillance.

Conclusions
The data for benefits of statins on clinical outcomes
are powerful. There are clinical recommendations and
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guidelines from professional societies and government-
sponsored organizations defining lipid goals in patients
with known atherosclerotic disease as well as those at
increased risk.?” There may be more than 40 million
Americans who fit these criteria, including a burgeoning
population with increased waist circumference, metabolic
syndrome, and diabetes mellitus, a known coronary artery
disease risk-equivalent.

According to the NCEP ATP III recommendations,
LDL-C remains the primary target of treatment unless
TG are severely elevated (=499 mg/dL), which makes
LDL-C calculated from the Friedenwald formula inac-
curate. NCEP ATP III also contains recommended goals
for TG, HDL-C, and non-HDL-C. Although these recom-
mendations have clearly motivated health care profes-
sionals to address LDL-C in those at risk, it has also
made them very LDL-centric and otherwise cautious or
less concerned in their approach to more aggressive risk
stratification and treatment. Most health care profession-
als appear to understand little about the role, current or
potential, of other lipid, lipoprotein, and/or metabolic
risk factors and treatment. We continue to initiate statin
treatment at doses that will not achieve treatment targets
often in those with known disease or acute events, and
failure to titrate remains problematic. Another concern
is the inordinate and role played by third-party payers
in our selection or choice of pharmacologic treatment.
Physicians and patients are often forced to choose drugs
based on cost and not on efficacy or safety. As a result,
not only is generic substitution the order of the day, but
using a variety of subtle tactics and policies encouraging
in-class substitution and movement to an entirely different
class of drug when a generic choice is not yet available is
also promoted. These policies interfere with the doctor-
patient relationship and lead to medication switches often
based on limited data.

There may be a variety of considerations in choosing a
statin and dose, including:

e Initial LDL-C level and the percentage reduction needed
to achieve target

e Need to address non-LDL factors

e Concomitant diseases or comorbid conditions

e Concomitant drug therapy

e Prior history of statin side effects or toxicity.

Other nonclinical issues, although important, including
insurance coverage and cost, should not take precedence
over at least initially selecting the most appropriate treat-
ment possible.

Pitavastatin, the most recent HMG-CoA reductase inhibi-
tor approved for patients, provides a new and potentially
useful product on a variety of levels for those requiring
LDL-C-lowering treatment. Pitavastatin has potent effi-
cacy for lowering LDL-C, non-HDL-C, and apoB, rivaling
atorvastatin and rosuvastatin, and is most effective for
predictably increasing HDL-C in both the short and long
term. Based on more aggressive NCEP treatment targets, its
lipid-modifying efficacy alone makes it worthy of consider-
ation for many patients. However, there are a variety of other
considerations in choosing a statin, and pitavastatin may have
advantages over other available drugs in specific patients.
Side effects, even mild, have led to a significant incidence
of statin discontinuation or nonadherence. Although pitavas-
tatin is considered one of the more potent statins, its side
effect and safety profile is excellent. In all published studies,
ADR, including muscle and hepatic toxicity, are either lower
or equivalent to other products available. This in large part
may be due to its metabolism and elimination, which does
not significantly utilize the CYP system, especially CYP3A4.
Pitavastatin may have a substantial advantage versus other
statins with regard to drug—drug interactions. This may be
true for other lipid-modifying drugs or combination therapy,
which appear underutilized in our population. Pitavastatin
may allow for more aggressive treatment of mixed dys-
lipidemia, especially common in patients with metabolic
syndrome and diabetes mellitus. Although some believe
we should limit the number of drugs in a single class which
receive FDA approval, taken to a logical conclusion, this
policy would have limited the availability of more potent
statins with improved efficacy, as well as other multiple
beneficial effects. In addition, it is clear that certain drugs
even within classes may have different side effect profiles in
different individual patients. A huge clinical experience tells
us that when a patient does not tolerate one statin there is a
significant chance they will tolerate one of the other avail-
able drugs. Limiting choice would decrease goal attainment
and potential benefit. Pitavastatin may be a useful addition
to the HMG-CoA inhibitor class.

Disclosure
The author reports no conflict of interest in this work.
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