ADIS DRUG PROFILE

Drugs 2008; 68 (16): 2373-2386
0012-6667/08/0016-2373/$53.45/0

© 2008 Adis Data Information BV. All rights reserved.

Niacin Extended-Release/Simvastatin

Mark Sanford and Monique P. Curran

Wolters Kluwer Health | Adis, Auckland, New Zealand, an editorial office of Wolters Kluwer

Health, Conshohocken, Pennsylvania, USA

Contents

Abstract. . ...
Pharmacodynamic Profile ....................
Pharmacokinetic Profile ......................
Therapeutic Efficacy .................... . ...,
Tolerability . . ...
Dosage and Administrafion ...................
Niacin ER/Simvastatin: Current Status ..........

CUR LN~

Abstract

A Niacin extended-release (ER)/simvastatin is a once-
daily, fixed-dose combination of the HMG-CoA
reductase inhibitor simvastatin and an ER formula-
tion of niacin (a B-complex vitamin).

A In healthy volunteers who were given niacin ER/
simvastatin 2000 mg/40 mg, niacin exposure was
similar to that with niacin ER 2000 mg, while
simvastatin exposure was increased compared to
that with simvastatin 40 mg.

A In patients with elevated non-high-density lipo-
protein cholesterol (non-HDL-C) but with low-den-
sity lipoprotein cholesterol (LDL-C) at or below the
National Cholesterol Education Program (NCEP)
goal after a 22-week simvastatin 20 mg/day run-in
period (SEACOAST 1), 24 weeks of niacin ER/
simvastatin 1000 mg/20 mg or 2000 mg/20 mg per
day reduced median plasma non-HDL-C levels to a
significantly greater extent than simvastatin 20 mg/
day.

A In patients with elevated non-HDL-C and LDL-C at
any level after a >2-week simvastatin 40 mg/day
run-in period (SEACOAST II), 24 weeks of niacin
ER/simvastatin 1000 mg/40 mg or 2000 mg/40 mg
per day was noninferior to simvastatin 80 mg/day in
reducing median plasma non-HDL-C levels.

A Compared with simvastatin monotherapy, there was
no significant difference in reduction in plasma
LDL-C levels with niacin ER/simvastatin in SEA-
COAST I, and the noninferiority criterion for LDL-
C was not met in SEACOAST II. However, plasma
HDL-C levels increased more and triglyceride
levels were lowered more than with simvastatin
monotherapy (SEACOAST I and II).

A Niacin ER/simvastatin was generally well tolerated,
with flushing being the most common adverse reac-
tion.

Table I. Features and properties of niacin extended-
release/simvastatin (Simcor®)

Treatment of primary hypercholesterolaemia and mixed
dyslipidaemia or hypertriglyceridaemia when monotherapy with
simvastatin or niacin extended-release is considered
inadequate

Simvastatin inhibits cholesterol synthesis and release of low-
density lipoprotein (LDL). Niacin inhibits synthesis of LDL and
triglycerides and catabolism of high-density lipoproteins

Starting dosage 500 mg/20 mg per day
(in patients naive to or
switching from niacin
immediate-release)
Maintenance dosage 1000 mg/20 to 2000 mg/40 mg
per day

Route of administration Oral

Mean peak plasma
concentration

Simvastatin acid 3.29 ng/mL

Simvastatin acid 6.56 h
Niacin 4.6-4.9 h

Mean time to peak plasma
concentration

Mean area under the plasma  Simvastatin acid 30.81 ng e h/
concentration-time curve mL

Mean plasma terminal Simvastatin acid 4.6-5.0 h
elimination half-life

Most common Flushing, pruritus, headache,

nausea, back pain, diarrhoea
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HMG-CoA reductase inhibitors (statins) and nia-
cin (nicotinic acid) are well established lipid-modi-
fying agents that are used, along with therapeutic
life-style changes, in the primary and secondary
prevention of coronary heart disease (CHD), carotid
artery disease and other atherosclerotic vascular dis-
eases.!”! In patients with primary dyslipidaemias
and in individuals with other risk factors for athero-
sclerosis, lipid-modifying drugs reduce the risk of
major coronary events and coronary death.®! Simi-
larly, in patients already affected by atherosclerotic
diseases, lipid-modifying drugs reduce disease re-
currence, reduce the need for intensive interven-
tions, such as coronary artery bypass graft surgery,
and improve the patient’s quality of life and survi-
val.b7]

The 2001 US National Cholesterol Education
Adult Treatment Panel III (NCEP ATP III) guide-
lines® (revised in 2004)"! identify the lowering of
low-density lipoprotein cholesterol (LDL-C) as the
primary goal of lipid-modifying therapy in patients
with atherosclerotic disease and those at risk for
atherosclerotic disease due to dyslipidaemia. How-
ever, in patients with mixed dyslipidaemia (i.e. pa-
tients with high triglycerides, low high-density lipo-
protein cholesterol [HDL-C] levels and small dense
LDL particles), LDL-C levels may underestimate
the cardiovascular risk.*! Therefore, the NCEP ATP
IIT recommends lowering both LDL-C and non-
HDL-C in patients with hypertriglyceridaemia.[”!
Non-HDL-C represents the total of atherogenic par-
ticles containing apolipoprotein B (apo B), includ-
ing LDL-C, intermediate-density lipoprotein choles-
terol and very low-density lipoprotein cholesterol
(VLDL-C).

Of the available lipid-modifying drugs, statins
are the most effective for lowering plasma LDL-C
and are considered the cornerstone of treatment for
dyslipidaemia.[*3! Niacin also reduces LDL-C and it
is the most effective drug for raising HDL-C and
reducing lipoprotein (a).!”! Currently, there is inter-
est in intensive lipid-modifying strategies, including
use of high-dose or combination drug therapies for
patients who are poorly responsive to standard drug

monotherapy.[®! Therefore, the combination of nia-
cin extended-release (ER) and simvastatin, which
have complementary mechanisms of action,!!>!
may lead to the attainment of goal NCEP ATP III
levels for risk-adjusted plasma LDL-C and non-
HDL-C when monotherapy with simvastatin or nia-
cin ER has failed. An earlier study suggested that
combined treatments may provide important clinical
benefits because slow-release niacin coadministered
with simvastatin, as separate tablets, led to regres-
sion of coronary atherosclerosis in patients with
CHD.!"! Furthermore, the combination of two lipid-
lowering agents in one formulation should improve
patient compliance, although this needs to be dem-
onstrated in future studies.!'?!

Niacin ER/simvastatin (Simcor®)! is a fixed-
dose, combined formulation that incorporates niacin
ER (referred to as prolonged-release nicotinic acid
outside of the US) with simvastatin.l'3! Once-daily
niacin ER/simvastatin is approved in the US to
reduce total cholesterol, LDL-C, apo B, non-HDL-C
or triglycerides, or to increase HDL-C in patients
with primary hypercholesterolaemia and mixed dys-
lipidaemia (Frederickson type Ila and IIb hyper-
lipidaemia), and to reduce triglycerides in patients
with hypertriglyceridaemia (Frederickson type IV
hyperlipidaemia) when monotherapy with simvasta-
tin or niacin ER is considered inadequate for these
purposes.[31 The US FDA-approved label notes that,
compared with simvastatin or niacin monotherapy,
an incremental benefit of niacin ER/simvastatin on
cardiovascular morbidity and mortality has not been
established.''3] The label also stipulates that drug
therapy is indicated as an adjunct to diet when
dietary and other nonpharmacological measures
alone have been inadequate.[!3!

This profile reviews key data on the efficacy,
tolerability and pharmacology of niacin ER/simvas-
tatin in patients with these indications. Medical liter-
ature on the use of niacin ER/simvastatin in modify-
ing blood lipids was identified using MEDLINE and
EMBASE, supplemented by AdisBase (a proprieta-
ry database of Wolters Kluwer Health | Adis). Addi-

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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tional references were identified from the reference
lists of published articles.

1. Pharmacodynamic Profile

There are no published data specifically related
to the pharmacodynamic properties of niacin ER/
simvastatin, but the pharmacodynamic effects of
simvastatin and niacin as monotherapy have been
reviewed extensively.[l>1416] The lipid-modifying
effects of these drugs are thought to be key to the
prevention of atherosclerotic diseases, although the
exact pathways to these effects are complex, as both
drugs have other atheroprotective pharmacodynam-
ic actions.!-315-171 This section provides a brief over-
view of the properties of the constituent drugs,
drawing information chiefly from reviews.!:16]

Simvastatin

e After absorption from the gastrointestinal tract,
simvastatin is converted from the inactive, closed-
ring lactone to the pharmacologically active B-
hydroxyacid metabolite (simvastatin acid), a com-
petitive and reversible inhibitor of HMG-CoA re-
ductase.!"!#1 As the conversion of HMG-CoA to
mevalonic acid by HMG-CoA reductase is an early,
rate-limiting step in the synthesis of cholesterol,
inhibition of this enzyme reduces cholesterol pro-
duction.!'*!

e Simvastatin inhibition of HMG-CoA reductase
leads to increased expression of hepatic LDL recep-
tors that bind LDL particles, resulting in a lowering
of circulating LDL-C and total cholesterol.'! Simva-
statin also enhances the removal of triglyceride-rich
VLDL-C and chylomicron remnants in patients with
hypertriglyceridaemia,'¥! and reduces apo B and
triglycerides, while increasing HDL-C levels in pa-
tients with mixed dyslipidaemia.!-!3!

e Simvastatin has been associated with a reduction
in oxidized LDL in vitro"l and in patients with
hypercholesterolaemia.!”!

e Simvastatin, like other statins, improves endo-
thelial function, increases nitric oxide bioavailabil-
ity and has various endothelial anti-inflammatory

© 2008 Adis Data Information BV. All rights reserved.

effects that may reduce atherogenesis and suscepti-
bility to plaque rupture.['72%

e Reductions in cholesterol synthesis with simvas-
tatin are also associated with increased production
of long-chain, polyunsaturated fatty acids that may
improve vascular endothelial function.?!)

Niacin

e Niacin is a water-soluble B-complex vitamin!??!
that reduces plasma total cholesterol, LDL-C,
VLDL, apo B and triglycerides;>!>:1%1 at high doses,
niacin also reduces lipoprotein (a).}! Niacin in-
creases apo A-I and is the most potent available
agent for increasing HDL levels.!'®]

e In the liver, niacin reduces the synthesis of tri-
glycerides.['®! As triglycerides are used in building
VLDL and LDL particles, the secretion of these
particles is also reduced.!®!

e Niacin reduces the mobilization of free fatty
acids by modulating triglyceride lipolysis in adipose
cells.>191 It inhibits the conversion of VLDL to
LDLP! and also increases the proportion of lipid
molecules that are larger, more buoyant and less
atherogenic.”!

e Niacin inhibits hepatic catabolism of HDL and
HDL-apo A-I, but not HDL-C esters.!'®! These pro-
cesses appear to account for the low levels of low-
density lipids and high levels of HDL-C and apo A-I
observed with niacin therapy.!'' HDL-C and apo A-
I are essential to the release of cholesteryl esters
from macrophages and to their transport to the liver
where they are catabolized to free cholesterol and
excreted in the bile.['?!

e In patients with coronary artery disease with low
HDL-C, but with LDL-C in the normal range after
treatment, niacin ER was associated with an in-
crease in endothelium-dependent vasodilatation,™!
and the same effect was observed in patients with
metabolic syndrome.?324

e Recent studies suggest that niacin ER may have
anti-inflammatory effects.>?%! In patients with the
metabolic syndrome (n = 50),?3! there was a signif-
icant reduction in C-reactive protein (CRP) after
52 weeks of therapy with niacin ER 1000 mg/day
compared with placebo (—20% vs +1%; p < 0.001).

Drugs 2008; 68 (16)
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Similarly, when niacin ER 1000 mg/day was added
to the lipid-lowering regimens of patients with CHD
(n = 54), 3 months of combined treatment led to a
significant lowering of the inflammatory markers
CRP and lipoprotein-associated phospholipase A2
(by 15% and 20%; both p < 0.05 vs baseline), while
no significant changes were observed with place-
bo.[>!

e Flushing, a common adverse reaction associated
with niacin (section 4), appears to involve
Langerhans cells. These cells express a G protein-
coupled niacin receptor and respond to niacin with
increased prostaglandin D2 and E2 production.!!

e Niacin has been associated with increased blood
glucose levels in patients with type 2 diabetes mel-
litus.?! This effect may be due to the rebound in the
levels of nonesterified fatty acids that occurs after
niacin suppression of lipolysis in adipose tissue.*!
However, increases in fasting blood glucose levels
with niacin ER were generally small,!>?%! were not
accompanied by long-term decreases in insulin sen-
sitivity®®! and, in most instances, were not consid-
ered to be clinically important.!?!

2. Pharmacokinetic Profile

The pharmacokinetics of fixed-dose niacin ER/
simvastatin will be the focus of this section.['3! In
addition, the pharmacokinetic parameters of simvas-
tatin and niacin ER when administered as monother-
apy will be briefly reviewed.!"->?7-2°1 Data have been
obtained mainly from the US manufacturer’s pre-
scribing information.!'327:281

Niacin Extended-Release (ER)/Simvastatin

e In a relative bioavailability study in 44 healthy
volunteers administered two tablets of niacin ER/
simvastatin 1000 mg/20 mg, niacin exposure was
similar to that with two tablets of niacin ER
1000 mg.['330] However, based on area under the
concentration-time curve (AUC) values, exposure to
simvastatin and simvastatin acid increased by 23%
and 41%, compared with administration of two tab-
lets of simvastatin 20 mg.[!3-30]

© 2008 Adis Data Information BV. All rights reserved.

® The mean time to maximum concentration (tmax)
for niacin, simvastatin and simvastatin acid follow-
ing administration of niacin ER/simvastatin
2000 mg/40 mg was 4.6-4.9, 1.9-2.0 and
6.56 hours, respectively; the maximum concentra-
tion (Cmax) and AUC of simvastatin acid were
3.29 ng/mL and 30.81 ng ¢ h/mL.!"3

e Following administration of niacin ER/simvasta-
tin 2000 mg/40 mg, 10.2%, 10.7% and 29.5% of the
administered niacin dose was recovered in the urine
as nicotinuric acid (NUA), N-methylnicotinamide
(MNA) and N-methy-2-pyridone-5-carboxamide,
respectively.3!

e The mean terminal elimination half-life (t.y) val-
ues for simvastatin and simvastatin acid were
4.2-4.9 and 4.6-5.0 hours in healthy volunteers
given niacin ER/simvastatin 2000 mg/40 mg.['*)

Simvastatin

e Simvastatin is rapidly absorbed after oral admin-
istration, with a tmax of 1.3—2.4 hours for the active
and total inhibitors.[3?7! After a single dose of radi-
olabelled simvastatin 100 mg, the total plasma radi-
oactivity tmax was 4 hours, which then declined to
=10% of peak by 12 hours.?”!

e After oral administration of simvastatin in
healthy volunteers, there was a linear increase in
exposure to active metabolites for doses
5-120 mg,!'?" and greater availability for pharma-
codynamically inactive than active metabolites.!)

e Simvastatin undergoes extensive first-pass meta-
bolism in the liver, with the result that the bioavaila-
bility of simvastatin in the general circulation is
<5%.2"! Simvastatin is readily hydrolyzed by hepat-
ic/intestinal cytochrome P450 (CYP) 3A4, chiefly to
simvastatin acid and to its 6”-hydroxy, 6-hydrox-
ymethyl and 6’-exomethylene derivatives.?”

e In humans, simvastatin and simvastatin acid are
~95% bound to plasma proteins.[>”? Animal radioac-
tivity studies show that simvastatin-derived radioac-
tivity crosses the blood-brain barrier.[”

e Simvastatin is cleared quickly by the body and is
excreted in the urine and faeces. After radiolabelled
simvastatin was administered orally, 13% of the
radioactivity was recovered in the urine (<0.5% as

Drugs 2008; 68 (16)
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active metabolites) and 60% in the faeces.!! The tyy
of simvastatin acid is 1.9 hours, while the total body
clearance is 31.8 L/h.1

e In elderly patients (aged 70-78 years) treated
with simvastatin, mean plasma levels of HMG-CoA
reductase inhibitory activity was =45% higher than
in younger patients (aged 18-30 years).!'3! No dose
adjustments are required for older patients.!!!

e Pharmacokinetic data for other statins suggest
that exposure to simvastatin metabolites may be
increased in patients with severe renal insufficiency
(creatinine clearance [CLcr] 10-30 mL/min
[0.60-1.8 L/h]) and that dosage adjustments may be
required.?”)

® Increased exposure may occur when simvastatin

is coadministered with potent inhibitors of CYP3A4
(e.g. antifungal azoles such as ketoconazole, macro-
lide antibiotics, HIV protease inhibitors, nefazodone
and large quantities of grapefruit juice). Ciclosporin,
danazol, amiodarone and verapamil also increase
the AUC of simvastatin active metabolites, presum-
ably as a result of CYP3A4 inhibition.””! Coadmin-
istration of simvastatin with any of these drugs
should be avoided, as higher simvastatin exposure
could increase the risk of myopathy and rhabdomy-
olysis (section 4).113]

e Coadministration of gemfibrozil with simvasta-
tin led to clinically important increases in exposure
to simvastatin acid, perhaps as a result of inhibition
of simvastatin glucuronidation, and could increase
the risk of myopathy.!'3 This effect occurred to a
lesser extent when simvastatin was coadministered
with other fibrates.!!*)

e Simvastatin can potentiate the anticoagulant ef-

fect of coumarin anticoagulants.''3! In patients re-
ceiving coumarins, coagulation monitoring is re-
quired when first initiating treatment with niacin
ER/simvastatin, and after dose adjustments.!3!

e Coadministration of simvastatin with digoxin
was associated with a slight increase in plasma
digoxin levels, so close monitoring is required when
coadministering digoxin with niacin ER/simvasta-
tin.!3!

© 2008 Adis Data Information BV. All rights reserved.

Niacin

e After oral administration, niacin ER is rapidly
absorbed, with 60-76% of the dose taken up from
the gastrointestinal tract.!?8!

® Oral administration of niacin ER leads to dose-
dependent, but highly variable, niacin concentra-
tions, attributable to extensive, saturable, first-pass
metabolism. Mean steady-state niacin Cmax values
were 0.6, 4.9 and 15.5 pg/mL after niacin ER 1000,
1500 and 2000 mg/day.™

® During first-pass metabolism, niacin is conjugat-
ed with glycine in the liver to form NUA, most of
which is excreted in the urine.””®! A second niacin
metabolic pathway leads to the formation of nicotin-
amide adenine dinucleotide or MNA and nicotin-
amide-N-oxide. MNA is further metabolized to N-
methyl-4- and  N-methyl-2-pyridone-5-carbox-
amide.”” These pyridine metabolites may be in-
volved in niacin-induced hepatotoxicity™! (section
4).

e Niacin was chiefly eliminated by the kidneys.
After single and multiple doses of niacin ER
1500-2000 mg, =53—-77% of the orally administered
dose was detected in the urine, mostly as niacin
metabolites; <8% was recovered as the unchanged
drug after multiple doses of niacin ER 2000 mg.["3!
® Aspirin coadministered with niacin may decrease
the metabolic clearance of niacin.['3! The clinical
importance of this is unknown.[3!

e Niacin may also potentiate vasoactive and gan-
glion-blocking drugs, which could result in postural
hypotension. %)

® [n vitro, the bile acid sequestrants, colestipol and
cholestyramine, bind to niacin, thereby reducing
exposure to the drug. At least 4-6 hours, or as long a
time interval as possible, should be allowed to
elapse before coadministering these drugs with nia-
cin ER/simvastatin.!!3!

3. Therapeutic Efficacy

The efficacy of niacin ER/simvastatin as a treat-
ment for type II hyperlipidaemia or mixed dys-
lipidaemia was compared with that of simvastatin
monotherapy in a 24-week, randomized, double-

Drugs 2008; 68 (16)
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Fig. 1. Study design of the SEACOAST I3 and 112 randomized, double-blind trials that compared niacin extended-release/simvastatin
(NER/S) with simvastatin (SIM) monotherapy in patients with mixed dyslipidaemia. Run-in was not required if non-high-density lipoprotein
cholesterol (non-HDL-C) was raised and low-density lipoprotein cholesterol (LDL-C) was at the National Cholesterol Education Program
Adult Treatment Panel Il (NCEP ATP Ill) goal in patients who were treatment naive or currently taking SIM 20 mg/day (these patients went
directly to SEACOAST 1 lipid qualification) or if non-HDL-C was raised with LDL-C at any level in patients currently taking SIM 40 mg/day
(these patients went directly to SEACOAST Il lipid qualification). Patients who did not meet NCEP ATP IIl LDL-C criteria after the SIM 20
mg/day run-in period were directed to the SIM 40 mg/day run-in and were randomized in the SEACOAST Il trial if they then met SEACOAST

I lipid qualification criteria.

blind, multicentre, phase III SEACOAST (Safety
and Efficacy of a Combination of Niacin-Extended
Release and Simvastatin in Patients with Dys-
lipidaemia) study.’'321  OCEANS (Open-Label
Evaluation of the Safety and Efficacy of a Combina-
tion of Niacin ER and Simvastatin in Patients with
Dyslipidaemia) was an open-label study that evalu-
ated blood lipid changes at 24 and 52 weeks in
patients randomized to one of two alternative niacin
ER/simvastatin titration schedules.*?

SEACOAST Study

The SEACOAST study consisted of two com-
ponents; SEACOAST 1 (low-dose trial)3!! and 1I
(high-dose trial).??! SEACOAST I (n = 314 random-
ized patients) assessed whether once-daily niacin
ER/simvastatin (1000 mg/20 mg or 2000 mg/20 mg)
was superior to low-dose simvastatin 20 mg/day in
reducing non-HDL-C in patients with elevated non-

© 2008 Adis Data Information BV. All rights reserved.

HDL-C, but with LDL-C at or below NCEP ATP III
goals after a >2-week run-in period/lipid qualifica-
tion phase with simvastatin 20 mg/day.’!! SEA-
COAST II (n = 343 randomized patients) evalu-
ated whether once-daily niacin ER/simvastatin
(1000 mg/40 mg or 2000 mg/40 mg) was noninferi-
or to high-dose simvastatin 80 mg/day in reducing
non-HDL-C in patients with elevated non-HDL-C
levels after a >2-week run-in period/lipid qualifica-
tion phase with simvastatin 40 mg/day.’?! SEA-
COAST II also evaluated whether either niacin ER/
simvastatin dosage was nonferior to high-dose
simvastatin in reducing LDL-C. In SEACOAST II,
patients were included regardless of whether or not
NCEP ATP III LDL-C goals had been met during
the run-in phase.?

There were four phases to the SEACOAST study,
screening, open-label simvastatin run-in period, lip-
id qualification and double-blind treatment (figure

Drugs 2008; 68 (16)



Niacin Extended-Release/Simvastatin: Adis Drug Profile

2379

1).B31321 Before screening, patients were required to
adhere reasonably to a standard cholesterol-lower-
ing diet for 24 weeks and be willing to continue this
diet.’!! Men and women aged >21 years were in-
cluded if they had increased risk-adjusted NCEP
ATP 1III non-HDL-C at screening. Anti-dys-
lipidemic treatment (other than simvastatin) was
discontinued. During the lipid qualification phase,
patients continued with simvastatin treatment until
non-HDL-C at two consecutive weekly visits varied
by <15%. Baseline lipid values were the means of
the last two lipid profiles obtained during this phase.

Exclusion criteria for SEACOAST were elevated
plasma AST, ALT or uric acid (=1.3 times the upper
limit of normal [ULN]), elevated plasma creatine
phosphokinase (CPK) [>3 times the ULN], active
gout symptoms, blood glycosylated haemoglobin
>9%, calculated CLCcrR <30 mL/min,!??l and a
number of medical conditions (including allergies to
statins or niacin, unstable angina, poorly controlled
diabetes and myopathies).!3?!

In SEACOAST I after the run-in/lipid qualifica-
tion phases, patients were randomized to niacin ER/
simvastatin 1000 mg/20 mg or 2000 mg/20 mg per
day or simvastatin 20 mg/day.?!! In SEACOAST 11
after the run-in/lipid qualification phases, patients
were randomized to niacin ER/simvastatin 1000 mg/
40 mg or 2000 mg/40 mg per day or simvastatin
80 mg/day.3?! During the double-blind treatment
phase, niacin ER/simvastatin was initiated at a dos-
age of 500 mg/20 mg per day (SEACOAST I)B! or
500 mg/40 mg per day (SEACOAST II),1*?) with
upward titrations every 4 weeks until the goal dos-
ages were reached. Patients randomized to mono-
therapy with simvastatin 20 mg/day (SEACOAST I)
or 80 mg/day (SEACOAST II) also received niacin
immediate-release 50 mg/day to maintain study
blinding.3"32! Aspirin 325 mg, ibuprofen 200 mg or
another NSAID could be taken approximately
30 minutes before the study medication to minimize
flushing effects.3132!

The primary endpoint in SEACOAST I and II
was the median percentage change in plasma non-
HDL-C levels from baseline to week 24 of the
double-blind treatment phase. Secondary endpoints

© 2008 Adis Data Information BV. All rights reserved.

included the percentage change from baseline to
week 24 in plasma LDL-C, HDL-C, triglycerides,
lipoprotein (a), apo A-I, apo B, apo A-I : apo B ratio
and total cholesterol : HDL-C ratio.l!-3!

Patients were included in the modified intention-
to-treat (ITT) analyses if they had one baseline non-
HDL-C evaluation and a plasma lipid evaluation at
24 weeks.[3131 In SEACOAST 11, noninferiority of
niacin ER/simvastatin 1000 mg/40 mg and 2000 mg/
40 mg per day versus simvastatin 80 mg/day was
established if the upper limit of the 95% confidence
interval (CI) for the between-group difference in
percentage change from baseline to 24 weeks for
non-HDL-C (primary endpoint) was <6%.03?! The
same noninferiority criterion was applied to be-
tween-group differences in LDL-C (secondary end-
point). If noninferiority was shown for either niacin
ER/simvastatin dosage group compared with simva-
statin monotherapy, then the superiority of niacin
ER/simvastatin over simvastatin alone was also test-
ed.??

Across the treatment groups in SEACOAST 1
and II, the median age of the patients was
55-62 years and 49-61% of the patients were
male.31321 Most patients (89% in SEACOAST 1531
and 98% in SEACOAST I13%) had CHD, CHD risk
equivalent, or two or more CHD risk factors and so
were considered to be at moderate or high risk for
cardiovascular events. Overall, 21% of the patients
in SEACOAST 1B and 36% of patients in SEA-
COAST I13?! had diabetes. The 24-week discontinu-
ation rates for simvastatin 20 mg, niacin ER/simvas-
tatin 1000 mg/20 mg and 2000 mg/20 mg per day
recipients were 19.8%, 33.1% and 30.3%, respec-
tively (SEACOAST 1), and for simvastatin 80 mg,
niacin ER/simvastatin 1000 mg/40 mg and 2000 mg/
40 mg per day recipients, they were 21.9%, 24.6%
and 21.6% (SEACOAST II).

e Niacin ER/simvastatin was an effective lipid-
modifying treatment in patients with mixed dyslipi-
daemias or type Il hyperlipidaemia.3!:3%]

e In SEACOAST I, patients receiving niacin ER/
simvastatin 1000 mg/20 mg or 2000 mg/20 mg per
day for 24 weeks experienced =2- and =3-fold great-
er median percentage reductions in plasma non-

Drugs 2008; 68 (16)
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Fig. 2. Efficacy of niacin extended-release/simvastatin (NER/S) in
the treatment of patients (pts) with dyslipidaemia. Median percent-
age change from baseline to week 24 in plasma non-high-density
lipoprotein cholesterol (non-HDL-C) level [primary endpoint] in the
randomized, double-blind, double-dummy, multicentre SEACOAST
trials of (a) NER/S 1000 mg/20 mg or 2000 mg/20 mg per day vs
simvastatin (SIM) 20 mg/day (SEACOAST I)B1 and (b) NER/S
1000 mg/40 mg or 2000 mg/40 mg per day vs SIM 80 mg/day
(SEACOAST 11).221 Median non-HDL-C values at baseline were
156.5, 164.5 and 159.8 mg/dL in SIM 20 mg/day and NER/S
1000 mg/20 mg and 2000 mg/20 mg per day groups, respectively
(SEACOAST I). In SEACOAST |II, baseline non-HDL-C values at
baseline were 130.5, 135.5 and 143.0 mg/dL in SIM 80 mg and
NERS 1000 mg/40 mg and 2000 mg/40 mg per day groups, respec-
tively. NI = meets noninferiority criterion. * p < 0.01, ** p < 0.001 vs
SIM 20 mg/day.

HDL-C levels from baseline (primary endpoint)
than simvastatin 20 mg/day recipients (figure 2).5!
e Niacin ER/simvastatin 1000 mg/20 mg and
2000 mg/20 mg per day led to a significantly greater

© 2008 Adis Data Information BV. All rights reserved.

lowering of plasma triglycerides, lipoprotein (a) and
apo B, total cholesterol : HDL-C ratio, and to signif-
icantly greater increases in plasma HDL-C and apo
A-I: apo B ratio than simvastatin 20 mg/day (figure
3)'[31]

e In SEACOAST II, both niacin ER/simvastatin
dosage groups were noninferior to the high-dose
simvastatin 80 mg/day treatment group, since the
upper limit of the 95% CI for the between-group
difference in percentage change from baseline in
median plasma non-HDL-C (primary endpoint) at
24 weeks was less than the predefined margin of 6%
(figure 2).32

e Compared with high-dose simvastatin 80 mg/
day, both dosages of niacin ER/simvastatin pro-
duced significantly greater decreases in tri-
glycerides, lipoprotein (a) and total cholester-
ol : HDL-C ratio and significantly greater increases
in HDL-C and apo A-I (figure 3).53%!

e In SEACOAST I (patients at LDL-C NCEP ATP
IIT goals), there was no significant difference be-
tween niacin ER/simvastatin and simvastatin mono-
therapy recipients in the median reductions in LDL-
C levels from baseline to week 24.B3" In SEA-
COAST II (patients with any LDL-C level), niacin
ER/simvastatin, compared with simvastatin, failed
to met the noninferiority criterion for this end-
point.3?!

® A post hoc subgroup analysis of SEACOAST 1
data reported lipid responses in hypertriglycer-
idaemic (baseline triglycerides =200 mg/dL) and
non-hypertriglyceridaemic (baseline triglycerides
<200 mg/mL) patients. The median percentage
changes in non-HDL-C (primary endpoint) in
hypertriglyceridaemic ~ patients were —10.2%,
—18.8% and —28.9% in simvastatin 20 mg/day and
niacin ER/simvastatin 1000 mg/20 mg and 2000 mg/
20 mg per day recipients (p < 0.01 vs simvastatin
20 mg/day for both niacin ER/simvastatin dosages);
corresponding values for non-hypertriglyceridaemic
patients were —4.7%, —9.7% and —11.9% (p < 0.05
for niacin ER/simvastatin 2000 mg/20 mg per day vs
simvastatin 20 mg/day).3!

® According to post hoc analyses of the SEA-
COAST trials, a significantly higher percentage of
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Fig. 3. Efficacy of niacin extended-release/simvastatin (NER/S) in the treatment of dyslipidaemia according to secondary endpoints. Median
percentage change from baseline to wk 24 in plasma lipids in the randomized, double-blind, double-dummy, multicentre SEACOAST trials
comparing (a) NER/S 1000 mg/20 mg or 2000 mg/20 mg per day vs simvastatin (SIM) 20 mg/day (SEACOAST I) and (b) NER/S 1000 mg/
40 mg or 2000 mg/40 mg per day vs SIM 80 mg/day (SEACOAST Il). In SEACOAST I, median low-density lipoprotein cholesterol (LDL-C)
levels at baseline were 114.8, 117.5 and 111.5 mg/dL in the SIM 20 mg, NER/S 1000 mg/20 mg and 2000 mg/20 mg per day treatment
groups, respectively; corresponding plasma triglyceride and high-density lipoprotein cholesterol (HDL-C) levels were 208.5, 209.5 and
214.3 mg/dL and 43.0, 41.3 and 40.9 mg/dL (SEACOAST 1).8" In SEACOAST II, median LDL-C levels at baseline were 98.5, 105.0 and
109.0 mg/dL in the SIM 80 mg, NER/S 1000 mg/40 mg and 2000 mg/40 mg per day treatment groups, respectively; corresponding plasma
triglycerides and HDL-C levels were 140.5, 147.3 and 155.5 mg/dL and 46.5, 44.3 and 46.3 mg/dL (SEACOAST 11).*2 Apo A-l = apoli-
poprotein A-l; Apo B = apolipoprotein B; Lp (a) = lipoprotein (a); TG = triglycerides; Total C = total cholesterol; 8 = percentage change <1%;

*p <0.05 **p<0.01, "™ p <0.001 vs SIM 20 or 80 mg/day.

niacin ER/simvastatin recipients than simvastatin
monotherapy recipients reached the trial combined
lipid goals (risk-adjusted goals for non-HDL-C or
LDL-C, HDL-C 240 mg/dL and triglycerides
<150 mg/dL).3"3! For instance, in SEACOAST 1,
in patients who did not meet goal plasma lipid levels
after the simvastatin 20 mg/day run-in period, 16%,
25%, and 42% of simvastatin 20 mg/day, niacin ER/
simvastatin 1000 mg/20 mg, and 2000 mg/20 mg per

© 2008 Adis Data Information BV. All rights reserved.

day recipients, respectively, met the combined plas-
ma lipid goal at 24 weeks (p < 0.001 for niacin ER/
simvastatin 2000 mg/20 mg per day vs simvastatin
20 mg/day) [data were estimated from a figure].3!
e In the SEACOAST II trial, in patients who did
not meet lipid goals after the simvastatin 40 mg/day
run-in period, 20%, 30% and 50% of simvastatin
80 mg/day, niacin ER/simvastatin 1000 mg/40 mg,
and 2000 mg/40 mg per day recipients, respectively,
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met the combined plasma lipid goal at 24 weeks
(p < 0.05 and p < 0.001 for niacin ER/simvastatin
1000 mg/40 mg and 2000 mg/40 mg per day vs
simvastatin 80 mg/day) [data were estimated from a
figure].13?)

OCEANS Study

The OCEANS study evaluated the efficacy of
52 weeks of treatment with niacin ER/simvastatin in
patients aged 2>21 years with mixed dys-
lipidaemia.!®3! After an initial screening visit, pa-
tients entered a simvastatin 40 mg/day run-in phase
(4-6 weeks) and then a lipid qualification phase
(1-2 weeks). Patients were randomized to an 8- or
12-week niacin ER/simvastatin titration schedule
with a maximum dosage of 2000 mg/40 mg per day.
Patients were eligible for randomization if the aver-
age of two non-HDL-C values was greater than the
NCEP ATP III risk-adjusted treatment goals. Other
inclusion/exclusion criteria were similar to those of
the SEACOAST study. All patients were to be fol-
lowing a lipid-lowering diet during the entire course
of the study, but compliance with the diet was not
recorded at the screening visit or subsequently. Pa-
tients were withdrawn from the study if they did not
reach LDL-C NCEP ATP III goals at 24 weeks.
Although evaluation of the tolerability profile of
niacin ER/simvastatin was the primary endpoint of
this study (section 4), secondary endpoints evalu-
ated efficacy parameters, including median percent-
age change in non-HDL-C from baseline to 24 and
52 weeks.13¥!

The OCEANS study screened 1718 patients and
520 were randomized (171 patients [32.9%] were
lipid-treatment naive).*3 Of those randomized, 244
(47%) discontinued treatment, leaving 268 who
completed 24 weeks. A total of 161 patients were
available for analysis at the 52-week follow-up, as
the study sponsor shortened the trial duration from
52 to 24 weeks once 150 patients had completed the
study.33
e Treatment with niacin ER/simvastatin 2000 mg/
40 mg per day was associated with significant re-
ductions in plasma non-HDL-C."¥ In the modified
ITT population (n = 463) at 24 weeks, the median

© 2008 Adis Data Information BV. All rights reserved.

percentage reductions in non-HDL-C were 23% and
21% in the niacin ER/simvastatin 8- and 12-week
titration groups (p < 0.0001 for both groups vs
baseline).3%

e A similar reduction in non-HDL-C was observed
in the 24-week completer population (27% in both
titration groups; both p < 0.0001 vs baseline).*3 In a
subgroup analysis (n = 85341), patients who had been
lipid-treatment naive prior to enrolment had a med-
ian decrease in non-HDL-C of 53.0% (8- and
12-week titration groups from the 24-week com-
pleter population were combined for this ana-
lysis).33!

e [n patients who did not meet NCEP ATP III lipid
goals following the simvastatin 40 mg/day run-in
period, 82% achieved the NCEP ATP III non-HDL-
C goal and 65% achieved the trial combined lipid
goal (LDL-C, HDL-C and triglyceride goals) by
week 24 (n = 138 in non-HDL-C and n = 221 in
combined lipid analyses).[3!

e In the 52-week completer population, median
percentage reductions in non-HDL-C were 25%
(95% CI 13, 35) and 28% (95% CI 15, 37) in the 8-
and 12-week titration groups.3?!

4. Tolerability

Fixed-dose niacin ER/simvastatin (500 mg/
20 mg to 2000 mg/40 mg per day) for 6-12 months
was generally well tolerated in the SEACOAST and
OCEANS studies, which are described in section 3.
This review focuses on a pooled analysis of the
SEACOAST study that is reported in the US manu-
facturer’s prescribing information.'!

e In the SEACOAST trials, flushing was the most
common adverse reaction experienced by niacin
ER/simvastatin recipients, followed by headache,
pruritus, nausea, back pain and diarrhoea (see figure
4 for the incidence of non-flushing reactions).[*]

e Flushing is a known adverse effect of niacin that
is uncomfortable but that does not endanger the
patient, although in rare cases it may lead to syn-
cope.?8 At least one episode of flushing was report-
ed in up to 59% (SEACOAST)!"3! and 71%
(OCEANS)B3 of niacin ER/simvastatin recipients.
Flushing was mostly mild to moderate in intensi-
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Fig. 4. Incidence of adverse reactions (excluding flushing) occur-
ring at a frequency >3% in patients with mixed dyslipidaemia treat-
ed with niacin extended-release/simvastatin (NER/S) 500 mg/
20 mg—2000 mg/40 mg per day or simvastatin (SIM) 20 to 80 mg/
day. Pooled data from the randomized, double-blind, double-dum-
my SEACOAST trials.[®l Patients randomized to SIM monotherapy
also received niacin immediate-release 50 mg/day to maintain
study blinding.®%2 Statistical analyses were not reported.['3
6 = zero incidence.

ty (>90% of cases in SEACOAST I and
OCEANS,B1331 and >78% of cases in SEACOAST
1113?) in patients treated with niacin ER/simvastatin).

e Flushing tended to occur early in treatment and

the incidence waned over time.[31-33! For instance, in
the OCEANS study, 65% of patients experienced
flushing during weeks 0-12, 39% during weeks
13-24 and 30% during weeks 41-52.331 Among
niacin ER/simvastatin recipients, discontinuations
due to flushing occurred in 6.0% of patients in the
SEACOAST study,!"*! and 6.7% and 7.4% in the 8-
and 12-week titration groups in the OCEANS
study.l33

e In the SEACOAST study, discontinuations due
to adverse events were reported in 11-16% of niacin
ER/simvastatin recipients and 4-5% of simvastatin
recipients, with the between-group difference being
significant for niacin ER/simvastatin 2000 mg/
40 mg per day versus simvastatin 80 mg/day (12%
vs 4%; p < 0.05).31321 [n the OCEANS study, 23%
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of niacin ER/simvastatin recipients discontinued
treatment due to an adverse event during the entire
52-week period.[3

e Serious treatment-related adverse events oc-
curred in <1% of niacin ER/simvastatin or simvasta-
tin monotherapy recipients in the SEACOASTR!-321
and OCEANS studies.?**!

e Simvastatin (as with other statins) is occasionally
associated with myopathy, including rhabdomyol-
ysis. The concomitant administration of some other
drugs (e.g. inhibitors of CYP3A4) with simvastatin
appears to increase the risk of rhabdomyolysis (sec-
tion 2).13%3%1 However, across the SEACOAST and
OCEANS studies, no patients developed myopathy
or thabdomyolysis;3!-33 one patient reported myal-
gia (OCEANS study), but this resolved after therapy
was discontinued.33! No patient treated with niacin
ER/simvastatin had a CPK elevation >10 times the
ULN (CPK criterion for rhabdomyolysis).!3!-33]

e Niacin can lead to reversible increases in plasma
uric acid, but in the SEACOAST and OCEANS
studies, there was only one report of a new case of
gout (SEACOAST I1).532!

e [n patients with diabetes, niacin can reduce glu-
cose tolerance (section 2), although most patients
can be successfully managed with dietary and exer-
cise adjustments.! In SEACOAST I and II, there
were three cases of new-onset diabetes in niacin ER/
simvastatin recipients, but glucose tolerance had
been abnormal at baseline in these patients.[*'3?! In
the OCEANS study, 11 patients developed new-
onset diabetes, but baseline laboratory findings were
indicative of undiagnosed diabetes.**

e Both simvastatin and niacin may also increase
hepatic transaminases, but when used at recommen-
ded doses clinically significant elevations are un-
common and hepatotoxicity is rare.*> In the SEA-
COAST and OCEANS studies, niacin ER/simvasta-
tin was not associated with clinically important
changes in hepatic enzymes.!-33

5. Dosage and Administration

The recommended maintenance dosage of niacin
ER/simvastatin in patients with primary hypercho-
lesterolaemia and mixed dyslipidaemia or with
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hypertriglyceridaemia is 1000 mg/20 mg to
2000 mg/40 mg per day, taken once daily at bed-
time.['*] Higher dosages have not been studied and
are not recommended.¥ In patients who are naive
to, or who are switching from all niacin formulations
other than niacin ER, the starting dose for niacin ER/
simvastatin is 500 mg/20 mg once daily. In patients
who are already receiving niacin ER, the initial dose
should not exceed 2000 mg/40 mg per day. The
daily dose of niacin ER should not be increased by
more than 500 mg in a 4-week period.['*! In order to
reduce flushing, pruritus and gastrointestinal dis-
tress, niacin ER/simvastatin should be taken with a
low-fat snack and dosage titration recommendations
should be followed."'3] Pretreatment with aspirin or
another NSAID approximately 30 minutes before
taking niacin ER/simvastatin may reduce the fre-
quency and severity of flushing.[!3

Niacin ER/simvastatin is contraindicated in pa-
tients with active liver disease, active peptic ulcer
disease or arterial bleeding.'3) As there is an in-
creased risk of hepatotoxicity when switching be-
tween niacin formulations, niacin ER/simvastatin
should only be substituted for equivalent doses of
niacin ER.I'3

It is recommended that niacin ER/simvastatin is
not used in patients with severe renal insufficiency,
unless they are known to tolerate simvastatin dos-
ages >10 mg/day.["¥ Close monitoring is necessary
in these patients.[!?

Niacin can increase fasting blood glucose and
serum uric acid.['3] Patients with, or at risk for,
diabetes, should be monitored closely during treat-
ment with niacin ER/simvastatin, so that treatments
can be adjusted if necessary.['3! Niacin ER/simvasta-
tin should be used only with caution in patients at
increased risk for gout.!3

Coadministration of niacin ER/simvastatin with
drugs that are CYP3A4 inhibitors should be avoid-
ed, as the risk of myopathy and rhabdomyolysis is
increased (section 2).[31 In general, patients receiv-
ing niacin ER/simvastatin should be monitored for
muscle pain, tenderness or weakness, especially
during the first month of treatment, or after dosage
increases.[!!

© 2008 Adis Data Information BV. All rights reserved.

Local prescribing information should be con-
sulted for detailed information, including contrain-
dications, precautions, drug interactions and use in
special patient populations.

6. Niacin ER/Simvastatin: Current Status

Niacin ER/simvastatin is approved in the US to
reduce elevated total cholesterol, LDL-C, apo B,
non-HDL-C or triglycerides, or to increase HDL-C
in patients with primary hypercholesterolaemia and
mixed dyslipidaemia (Frederickson type Ila and IIb
hyperlipidaemia), and to reduce triglycerides in pa-
tients with hypertriglyceridaemia (Frederickson
type IV hyperlipidaemia) when treatment with
simvastatin or niacin ER monotherapy is considered
inadequate.[3!

To date, it is not established whether niacin ER/
simvastatin has an incremental benefit over simvas-
tatin or niacin monotherapy in reducing cardio-
vascular morbidity and mortality. However in the
SEACOAST randomized trials, which compared ni-
acin ER/simvastatin with simvastatin monotherapy
in patients with mixed dyslipidaemias who had not
responded fully to a simvastatin monotherapy run-
in, 24 weeks of treatment with niacin ER/simvasta-
tin led to clinically-relevant improvements in plas-
ma lipid profiles, including lowering of non-HDL-C
levels (primary endpoint). In the open-label
OCEANS study, niacin ER/simvastatin also led to
improvements in non-HDL-C over baseline levels.
In these studies, niacin ER/simvastatin was general-
ly well tolerated.3!3%!
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