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Abstract

Background—Niacin has multiple lipoprotein effects that may provide cardiovascular benefit
when added to statin monotherapy.

Methods—In this randomized, placebo-controlled trial (n = 75) of magnetic resonance imaging
of carotid atherosclerosis, we performed a secondary comparison of combination niacin-statin
(simvastatin 20 mg/Niacin-ER 2G [S20/N]) to monotherapy with moderate (20 mg [S20]) and
high-dose (80 mg [S80]) simvastatin on lipids, apolipoproteins (apo), low density lipoprotein
(LDL) and high density lipoprotein (HDL) particle subclasses, and inflammatory markers.

Results—At baseline, average age was 71, 72% were male, 62.5% used statins, and average
LDL-cholesterol was 111 mg/dL. At 12 months, S20/N, compared to S80, significantly reduced
apoB (—36.6% vs —11.9%; P = .05) and lipoprotein(a) (—18% vs +3.5%; P = .001) and had at least
an equivalent effect on LDL-cholesterol (—39.3% vs —24.3%; P = .24). The combination reduced
the proportion of subjects with atherogenic LDL pattern-B (50% to 11.5%) compared to S80 (56%
to 56%) (P = .01). Despite increases in plasma free fatty acids (+62.4%; F = 5.65, P = .005 vs S20
and S80), plasma triglycerides (—29.4%; F = 6.88, P = .002 vs S20 and S80), and very-low-
density lipoprotein (—44.2%; F = 7.94, P < .001 vs S20 and S80), levels were reduced by S20/N.
S20/N increased HDL-cholesterol levels (+18.1%) as compared to S20 (0%) and S80 (+5.9%) (P
<.001 vs both statin arms), largely due to an increase in HDL particle size (+4.6%; P = .01 vs
both statin arms).

Conclusions—We demonstrate that full-dose niacin/moderate-dose simvastatin combination has
sustained benefits on atherogenic apoB lipoproteins, at least comparable to high-dose simvastatin,
while also raising HDL-cholesterol. Results of large clinical trials will inform whether niacin-
statin combinations reduce cardiovascular disease events.
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Although statins lower low density lipoprotein-cholesterol (LDL-C) and reduce
atherosclerotic cardiovascular disease (CVD),12 they do not meaningfully raise high density
lipoprotein-cholesterol (HDL-C), a major determinant of CVD risk.1:3 The failure of the
HDL-raising drug, torcetrapib, a cholesterol ester transport inhibitor, has highlighted the
challenges in HDL therapeutics.* In this context, and given the recent identification of a
niacin receptor,>~’ there has been a renewed interest in niacin for treatment and prevention
of CVD.

Niacin has multiple lipoprotein effects that may provide benefit beyond statins.8 Niacin
raises HDL-C, lowers plasma triglycerides, and alters composition and size of
apolipoprotein (apo) B lipoproteins and HDL particles. Niacin reduces small-dense LDL
particles, which when compared to average-sized LDL particles are more atherogenic and
predict CVD? independent of LDL-C.10:11 Niacin also increases large HDL particles, which
are considered more cardioprotective than smaller particles.12-14

Combinations of niacin and statins retard coronary atherosclerosis!® and slow carotid
atherosclerosis progression,16:17 although benefit on CVD beyond statins has not been
established. There are no long-term data comparing niacin/statin combinations to high-dose
statins, the contemporary standard for treating patients at high risk for CVD.2 We compared
the 12-month effects of a niacin-statin combination (Niaspan 2G/simvastatin 20 mg) to
moderate-dose (20 mg) and high-dose (80 mg) simvastatin on plasma lipoproteins, LDL and
HDL particle subclasses, and inflammatory markers. We chose a high dose of niacin to
maximize LDL-C lowering!819 while also raising HDL-C.

Patients with carotid atherosclerosis at the Hospital of the University of Pennsylvania and
the Philadelphia VA Medical Center (both in Philadelphia, PA) were invited to participate
between May 2002 and June 2005. Enrollment criteria included age 18 to 90 years, LDL-C
>100 or LDL-C >80 mg/dL if HDL-C was also <40 mg/dL, blood pressure <170/90,
negative pregnancy test (women), and carotid disease (>30% stenosis at ultrasonography).
Exclusion criteria included recent (3 months) stroke, transient ischemic attack, myocardial
infarction, unstable angina or critical limb ischemia; contraindications to magnetic
resonance imaging; history of adverse events on statins or niacin; poorly controlled diabetes
(HbALc >8%); history of myositis or abnormal liver function tests; active infection or
malignancy; or the need for combination lipid-lowering therapy. The protocol was approved
by the Institutional Review Boards at Penn and Philadelphia VA Medical Center. All
participants provided written, informed consent. Invitations were sent to >1,000 eligible
patients; after telephone screening, 169 subjects underwent screening, and 87 participants
were enrolled.

This trial was designed to explore the effect of a niacin-statin combination on carotid
atherosclerosis at magnetic resonance imaging (analysis ongoing). Changes in lipoprotein
and inflammatory parameters, the focus of this article, were secondary outcomes. Based on
published short-term studies, 1920 our trial sample had adequate power to detect moderate
differences in HDL-C and apoB lipoprotein levels between treatments. Participants were
randomized, in a double-masked, placebo-controlled manner, to 1 of 3 treatment arms:
simvastatin 20 mg/placebo (S20), simvastatin 80 mg/placebo (S80), or simvastatin 20 mg/
Niacin-ER 2G (S20/N). Simvastatin tablets were provided by Merck Pharmaceuticals
(Whitehouse Station, NJ). Naicin-ER (Niaspan) tablets and matching placebo were provided
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by KOS pharmaceuticals. Clinical history, physical examination, medication use, and
adverse effects were recorded at randomization and at 1, 3, 6, and 12 months. American
Heart Association's Step 2 Dietary counseling was provided. Blood testing for hematology,
chemistry, and lipid analyses was performed in stored plasma (—80C). All statins were
discontinued at randomization and replaced by study simvastatin. Niaspan dosing (night-
time) was titrated from 500 to 2,000 mg over months 1 to 3 and maintained for the
remainder of the study. When 2,000 mg was not achieved, the highest tolerated dose was
maintained and recorded. A priori, participants who did not complete at least 6 months of
the study were excluded from efficacy analysis. Overall, 87 subjects were randomized, 75
returned at 6 months, and 70 completed the 12-month trial.

Measurement of lipoproteins, lipoprotein subclasses, and inflammatory markers

Fasting lipids were analyzed in Penn's Centers for Disease Control and Prevention-certified
lipid laboratory. The LDL and very-low-density lipoprotein (VLDL)-cholesterol were
separated by ultracentrifugation, and total cholesterol, LDL-C, HDL-C, and triglycerides
(TGs) were measured enzymatically on a Hitachi autoanalyzer (Roche Diagnostics,
Branford, CT) using Sigma reagents. ApoB, apoAl, lipoprotein(a), high-sensitivity C-
reactive protein, and free fatty acids (FFAs) were measured using Wako reagents (Wako
Chemicals USA Inc, Richmond, VA).21 Nuclear magnetic resonance (NMR) spectroscopy
was performed at LipoScience, Inc (Raleigh, NC), as described.?2:23 Large LDL were
particles measuring 21.3 to 23.0 nm; medium LDL, 19.8 to 21.2 nm; small LDL, 18.3-21.2
nm; large HDL (HDL2), 8.8 to 13 nm; medium HDL, 8.2 to 8.8 nm; and small HDL, 7.3 to
8.2 nm. Pattern B LDL particles were defined as <20.5 nm. Nuclear magnetic resonance
particle subclass estimation correlates with traditional approaches.%-11.24 |_evels of
intercellular adhesion molecule-1 (ICAM-1), vascular cell adhesion molecule (VCAM), E-
selectin, matrix metalloproteinase-9 (MMP-9), and myeloperoxidase (MPO) were measured
using multiplex ELISAs (Linco Research, Inc, St. Charles, MO) on a Luminex 1S100
(Luminex, Austin, TX). The intra- and interassay coefficients of variation were ICAM-1,
5.5%, 12.4%; VCAM-1, 4.6%, 4.3%; E-selectin, 4.1%, 11.6%; MMP-9, 8.66%, 20.4%; and
MPO, 8.7%, 10.9%, respectively.

Statistical analysis

Efficacy analyses included data from all 75 randomized participants who completed 6
months of treatment. Subjects with missing data at 12 months (n = 5) were excluded from 12
months analyses. Data are reported as mean £ SEM, or median and interquartile range (25th,
75th percentile) and as proportions for categorical variables. Continuous variables with
nonnormal distributions were log-transformed for modeling. Differences between treatment
groups were evaluated by analysis of variance (ANOVA); when significant differences were
found, post hoc Scheffe-corrected t tests were used for pairwise comparisons. Secondary
analysis adjusted for baseline LDL-C and statin use. For discreet variables, group
differences were assessed using a 2 test. Statistical analyses were performed using Stata 9.0
software (Stata Corp, College Station, TX). All values were for 2-tailed comparisons.

This work was supported by a Clinical and Translational Science Award (RFA-RM-06-002)
and a General Clinical Research Center (M01 RR00040) from the NCRR/NIH to the
University of Pennsylvania (Philadelphia, PA), by a Dana Brain Imaging and Immuno-
imaging award from The Dana Foundation (New York, NY) (to M. P. R.), and by
investigator-initiated grant support from Merck Research Laboratories (Whitehouse Station,
NJ) and KOS Pharmaceuticals (now Abbot, Abbott Park, IL). M. P. R. is also supported by
HL RO1-073278 and HL P50-083799.
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Baseline characteristics (Table I) were broadly similar across groups, but race/ethnicity
(more African Americans in S20/N group) and apoB levels (higher in S20/N) did differ at
baseline. Twelve subjects withdrew before 6 months because of flushing (n = 5), personal
reasons (n = 5), and accidental trauma (n = 2). Adverse events in the remaining 75 subjects
are summarized in Table Il. Overall, 2 subjects in S80 and 1 in S20/N discontinued. At 12
months in the S20/N group, 17 participants were taking 2,000 mg of niacin daily; 1
participant, 1,500 mg; 3 participants, 1,000 mg; and 1 participant, 500 mg.

In the S20 group, there was no significant reduction in LDL-C or apoB (Table 11, Figure 1)
as expected (prerandomization statin use 75%). In contrast, both S80 and S20/N reduced
levels of LDL-C (by 24.3% and 39.3%, respectively) and apoB (by 11.9% and 36.6%) at 12
months (Table Il1, Figure 1). There were trends toward greater effects on all apoB
lipoproteins with S20/N compared to S80 (Table 111). Notably, S20/N had a statistically
greater effect than S80 on Lp(a) (P =.001) and total apo B (P = .05) (Figure 1). The effects
of treatments on the number of LDL particles measured by NMR (at 12 months; —7.6%,
—20.7%, and —37.9% for S20, S80, and S20/N, respectively) (Table 111, Figure 1) were
similar to effects on LDL-C. There was a significant reduction (ANOVA, F = 8.8, P <.001)
in the number of LDL particles with both S80 (—27.8%) and S20/N (—47.4%); S20/N tended
to have a greater effect than S80 (P =.05). S20/N reduced the proportion of subjects with
atherogenic LDL pattern B (from 50% to 11.5%) compared to S20 (from 42% to 37.5%) or
S80 (from 56% to 56%) (x2 test, P = .01). The effects on apoB lipoproteins (P = .04) and
LDL particles (P = .05) were similar after adjusting for prerandomization differences in
LDL-C levels and statin use.

There were statistically significant increases in FFAs with S20/N at 6 and 12 months (P =.
01 vs S20, P = .04 vs S80), whereas S20 and S80 had no effect (Figure 2). Despite increases
in FFAs, plasma TG and VLDL fell on S20/N (—29.4% and —44.2%, respectively) (Figure
2, Table 111).

At 12 months, S20/N (+18.1%) but not S20 (0%) or S80 (+5.9%) increased HDL-C
significantly (P < .001 vs S20, P = .001 vs S80) (Table IV, Figure 2). S20/N had no effect
on plasma apoAl (Figure 2) or apoAll levels (Table 1V). Consistent with a selective increase
in HDL-C, NMR analysis showed that S20/N (+4.6%), but not S20 or S80, increased HDL
particle size (P = .01, S20/N vs S20 and S80) but had no effect on HDL particle number
(Table IV). Concordantly, S20/N increased large HDL (82% at 12 months; P = .003 and .05
for S20/N vs S20 and S80, respectively). Of measured inflammatory markers, there was no
difference in treatment effects at 6 or 12 months (Table V).

Discussion

Combination high-dose Niaspan (2G daily) with moderate-dose simvastatin (20 mg)
lowered apoB lipoproteins to a greater extent than moderate-dose (20 mg) and even high-
dose (80 mg) simvastatin monotherapy, while also raising HDL-C. The prevalence of the
LDL pattern B profile was reduced by almost 80% by S20/N, whereas high-dose simvastatin
had no effect on this atherogenic phenotype. The S20/N combination increased HDL-C
levels, but not apoAl levels or HDL particle number, consistent with a shift toward larger
atheroprotective HDL-2 particles.1>16 These findings support the concept that niacin/statin
combinations, when targeted to maximize LDL-C lowering as well as increase HDL-C,
might have equivalent or greater CVD benefit than high dose statin alone.

Relative to statin monotherapy, short-term niacin studies (3—6 months) demonstrate
favorable effects on Lp (a), TG, and LDL-C as well as raising HDL-C, although LDL-C
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lowering required higher doses of niacin.19:20.25.26 Small studies of lipoprotein subclasses
revealed reductions in small-dense LDL with niacin®27-30 even beyond statins.2? In the 3-
year HDL-Atherosclerosis Treatment Study (HATS) trial (n = 160), Brown et al1®
demonstrated regression of coronary plaques and sustained effects on apoB lipoproteins and
HDL-C with a niacin (2.4G daily)-statin compared to placebo; however, a statin
monotherpay arm was not included, confounding interpretation. Taylor et al'6:17 reported
that adding niacin (1G daily) to statins retarded carotid atherosclerosis coincident with
increased HDL-C, lower TGs, but without change in LDL-C.

Ours is the first trial to compare a niacin 2G/moderate-dose statin combination to both
moderate- and high-dose statins, the contemporary standard for treating patients at high risk
of CVD.12 This combination provided at least a comparable degree LDL-C lowering as
high-dose statins as well as sustained benefits on apoB lipoproteins, Lp(a), lipoprotein
particles, and HDL-C. Small trials suggest greater effects of niacin/statin combinations,
compared to statin alone, on subclinical atherosclerosis.18:17:31 Whether such effects
translate into reduced clinical events awaits the results of phase 11 trials (eg, NCT00120289
and NCT00461630).

In the Investigation of Lipid Level Management to Understand its Impact on Atherosclerotic
Events (ILLUMINATE) trial, a combination of atorvastatin and torcetrapib compared to
atorvastatin alone, increased CVD events despite marked increases in HDL-C. Although
increased CVD may have been related to off-target effects of torcetrapib,32 torcetrapib did
not reduce carotid or coronary atherosclerosis progression in imaging trials.33-3% These
results have questioned the efficacy of cholesterol ester transport inhibition in humans and,
more generally, provide a cautionary note in targeting HDL-C elevation for CVD.36 In this
context, there is renewed interest in niacin particularly because of promising imaging
studies?®:17:31 and its proven CVD benefit as a monotherapy.3”

Despite identification of a G-protein—coupled receptor for niacin,>’ the specific
mechanism(s) of HDL-C raising and apoB lipoprotein lowering remains uncertain.
Suppression of adipose FFA release is one mechanism proposed to reduce hepatic FFA flux
and thus lower TG and VLDL production.?> We found, however, that chronic extended-
release niacin increased plasma FFA levels. This may be due to a diurnal rebound in which
high midmorning FFA levels follow an overnight suppression with niacin. It has been
suggested that, unlike short acting niacin, extended release niacin may cause a limited
rebound in adipocyte FFA release.38 Our data, however, suggest at least a modest rebound
in FFA. Vega et al®? also demonstrated small increases in FFA with long-acting niacin.
Despite increased FFAs, we observed reductions in both plasma TG and VLDL, suggesting
that modulation of adipocyte FFA flux is unlikely to account for niacin effects on apoB
lipoproteins. Adipose-independent effects on hepatic lipoproteins appear likely.40

Despite elevation in HDL-C (~18%) with S20/N, we failed to detect a significant increase in
apoAl levels (~+5%) or HDL particle number (~+2%). Our findings differ from several
previous studies that demonstrated significant 10% to 16% increases in apoAl with niacin/
statin combinations.2041:42 This might relate to our older study sample, which carries a
substantial burden of comorbidities and atherosclerosis. It is also important to note that HDL
particles are heterogeneous and vary in size, maturity, and apoAl composition,*344 which
may contribute to differences in apoAl and HDL-C responses to niacin. An important
limitation of our study is the difference between treatment groups in some baseline
parameters, including statin use and LDL-C. Although these differences were not
statistically significant, the subsequent changes in apoB-containing lipoproteins may have
been affected. Our results, however, were consistent across additional analysis that adjusted
for differences in prerandomization statin use and LDL-C.
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In conclusion, our study is the first to report incremental and sustained benefit of a full-dose
niacin/moderate-dose statin combination on atherogenic apoB lipoproteins that is at least
comparable to high-dose statins, while also raising HDL-C. Ongoing atherosclerosis
imaging studies and outcome trials will reveal whether and how much this strategy improves
atherosclerotic CVD. The mechanism of niacin lowering of apoB lipoproteins is uncertain
but appears unlikely to be mediated by suppression of adipose FFA flux to liver.
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Figure 1.

Effects of S20, S80, and S20/N on LDL-C (A), apoB (B), and total number of LDL Particles
(LDLp) (C). There were significant between-treatment effects at 12 months on LDL-C,
apoB, and LDLp (ANOVA, P < .001 for all). S20/N had greater effects than S20 on LDL-C
(P <.001), apoB (P <.001), and LDLp (P < .001) and greater effects than S80 on apoB (P
=.05).
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Figure 2.

Effects of S20, S80, and S20/N on FFA (A), VLDL (B), and TG (C). Despite increases in

FFA by S20/N (12 months, +62.4%, F = 5.65, P = .005 vs S20 and S80), TG (12 months,

—29.4%, F = 6.88, P =.002 vs S20 and S80), and VLDL (12 months, —44.2%, F = 7.94, P
<.001 vs S20 and S80), levels were reduced by S20/N.
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Table |
Baseline characteristics”
S20 (N = 25) S80(N=24)  S20/N (N = 26)

Age 71 (66-76) 72.5 (65-76.5) 70.5 (60-80)
Male sex 17 (68) 19 (79) 18 (69)
Racel

White 21 (84) 23 (96) 16 (61)

African American 4 (16) 1(4) 9 (35)

Hispanic 0 0 1(4)
Body mass index (kg/m?) 26.4 (25-30.7) 28.2 (25.5-33.8) 27 (23.8-31.7)
Hypertension 18 (72) 17 (70.8) 18 (69.2)
Diabetes 3(12) 3(13) 8 (30.8)
Statin use 18 (75) 15 (62.5) 13 (50)
Blood glucose (mg/dL) 85 (79-97) 89 (81-102) 88.5 (81-98)

Total cholesterol (mg/dL)
TGs (mg/dL)
LDL-C (mg/dL)

ApoB (mg/dL)Jr

Non-HDL cholesterol (mg/dL)

HDL-C (mg/dL)
ApoAl (mg/dL)
ApoAll (mg/dL)

1785 (159.5-187.5) 191 (163-215)  199.5 (174-223)

127.5 (87-178) 132 (108-159)  117.5 (94-193)

102 (96.5-119.5) 107 (89-133)  123.5 (104-143)
82.5 (73-94.5) 88 (76-99) 97 (81-112)

1335 (122-145.5) 137 (119-158)  151.5 (119-173)

42,5 (37-54) 41 (34-49) 45 (35-57)
118.5(108-130.5) 116 (106-137) 128 (100-150)
30.5 (27-38.5) 32 (28-34) 32.5 (27-41)

Page 11

*
Values are reported as medians (interquartile range) for continuous variables or number (percentage) for categorical variable. All laboratory
parameters were measured in fasting blood samples.

+

P < .05 for between-treatment group comparisons for these variables.
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Table V
Inflammatory markers”
Marker Pre 6 mo 12 mo gt
High sensitivity C-reactive proteins (mg/L)
S20 1.9 2.0 (6.6) 2.0(7.7) 1.07
S80 1.9 1.3 (-33.5) 1.1(-38.8)
S20/N 16 2.0 (27.4) 1.3 (-16.4)
ICAM (ng/mL)
S20 0.167 0.181(8.37)  0.175(4.66) 0.99
S80 0152  0.180(1847)  0.179 (17.32)
S20/N 0.166  0.161(-2.80)  0.187 (12.93)
VCAM (ng/mL)
520 1.32 1.35 (2.64) 1.31(-0.70) 0.7
S80 1.36 1.41 (3.71) 1.36 (-0.57)
S20/N 1.39 1.43 (3.29) 1.45 (5.01)
MMP-9 (ng/mL)
S20 40.26  30.57 (—24.06) 37.14(-7.77) 0.130
S80 4568 39.80 (-12.88)  44.74 (—2.06)
S20/N 3360 33.52(-0.24) 31.52 (-6.20)
MPO (ng/mL)
S20 584  650(11.32) 557 (-4.68) 1.39
S80 13.89  4.80 (-65.46)  5.92 (—57.38)
S20/N 717  8.38(16.92)  6.29 (~12.28)
E-selectin (pg/mL)
520 3506 34.18 (-251) 39.32(12.15) 2.13
S80 3443  35.78(3.92)  34.67 (0.70)
S20/N 31.85  3353(527)  33.68(5.75)

ICAM, Intercellular adhesion molecule; VCAM, vascular cell adhesion molecule; MMP-9, matrix metalloproteinase-9; MPO, myeloperoxidase.
*
Values are medians (percent change from baseline).

TF statistic for ANOVA of differences between treatments in baseline to 12-month change in lipoprotein variables. P values are not shown because
no ANOVA global P values reached statistical significance.
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