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Abstract

Objective—Subjects with peripheral artery disease (PAD) are at increased risk of cardiovascular
morbidity and mortality, perhaps in part, related to increased levels of inflammation, platelet
activity, and lipids. We therefore sought to investigate the relationship between PAD and levels of
inflammatory, platelet, and lipid biomarkers and the treatment effect of darapladib, a novel
lipoprotein-associated phospholipase A, (Lp-PLA>) inhibitor.

Methods—This is a post hoc analysis of the 959 patients with coronary disease or their risk
equivalent receiving atorvastatin who were randomized to receive darapladib or placebo to
examine the effects of an Lp-PLA, inhibitor on the biomarkers of cardiovascular risk. We
conducted an exploratory analysis evaluating the levels of biomarkers in subjects with PAD (n =
172) compared with those without PAD (n = 787).

Results—After adjustment for age, sex, smoking, body mass index, and diabetes, subjects with
PAD had greater levels of matrix metalloproteinase-9 (between group comparisons 22%, 95%
confidence interval [10-31], < .01), myeloperoxidase (12% [2-20], A= .01), interleukin-6 (13%
[4-21], P=.01), adiponectin (17% [7-26], P< .01), intercellular adhesion molecule-1 (7% [2-11],
P<.01), osteoprotegrin (6% [1-10], A= .02), CD40 ligand (15% [1-28], A= .04), high-sensitivity
C-reactive protein (17% [1-31], P=.04), and triglycerides (11% [0.2-21], A= .05). No significant
difference was detected for Lp-PLA, activity, P-selectin, urinary 11-dehydrothroboxane B2, low-
density lipoprotein cholesterol, and high-density lipoprotein cholesterol between subjects with and
without PAD. Darapladib produced highly significant inhibition of Lp-PLA, activity when
compared with placebo at weeks 4 and 12 (P < .01) in patients with and without PAD.

Conclusions—Subjects with PAD had elevated levels of matrix metalloproteinase-9,
myeloperoxidase, interleukin-6, adiponectin, intercellular adhesion molecule-1, osteoprotegrin,
CDA40 ligand, high-sensitivity C-reactive protein, and triglycerides compared with those without
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PAD. Darapladib, a novel Lp-PLA, inhibitor, was equally effective in reducing Lp-PLA, activity
levels in subjects with and without PAD.

Methods

Peripheral arterial disease (PAD) is a common manifestation of atherosclerosis and is a
highly prevalent condition in the United States, affecting approximately 27 million people in
North America and Europe.! Persons with PAD are at significantly increased risk for
cardiovascular morbidity and mortality and have impaired function and quality of life.2
Targeted therapies aimed at reducing symptom onset and disease progression have had
limited success, partially because the pathophysiology of this condition is relatively
understudied compared with coronary and cerebrovascular arterial disease. Emerging data
suggest that the peripheral vasculature differs from the coronary and cerebrovascular
beds.134 A more thorough understanding of the pathophysiology of PAD is required to
provide the basis for novel diagnostic and therapeutic strategies.®

Chronic inflammation, endothelial dysfunction, and increased platelet activity contribute to
the development and consequences of atherothrombosis.® Biomarkers are generally
considered to provide independent diagnostic and prognostic value by reflecting an
underlying disease state. Numerous prospective studies have shown independent
associations of serum levels of biomarkers of inflammation such as C-reactive protein
(CRP) with myocardial infarction, stroke, and all-cause mortality.” Recent studies suggest
that, beside CRP, other biomarkers such as cytokines (interleukin [IL]-1, IL-6, IL-8,
monocyte chemoattractant protein-1), soluble CD40 ligand, serum amyloid A, selectins (E-
selectin, P-selectin), myeloperoxidase (MPO), matrix metalloproteinases (MMPs), cellular
adhesion molecules (intercellular adhesion molecule 1 [ICAM-1], vascular adhesion
molecule 1 [VCAM-1]), placental growth factor (PIGF), and A(2) phospholipases may have
a potential role in the diagnosis and risk stratification of patients with coronary disease.
There is a relative paucity of data on the cumulative relationship between a wide array of
biomarkers and PAD in a single cohort.8 In particular, polyvascular disease that includes
atherosclerosis of multiple vascular beds is associated with higher risk of recurrent ischemic
events and warrants special attention.®-11 To address these issues, we evaluated a panel of
inflammatory, platelet, and lipid biomarkers as independent predictors of symptomatic PAD
in a cohort of patients with coronary disease or their risk equivalent receiving atorvastatin
who were randomized to receive darapladib or placebo.1? Darapladib is a selective
lipoprotein-associated phospholipase A, (Lp-PLAy) inhibitor that is under investigation for
its potential to stabilize high-risk atherosclerotic plaques and potentially reduce
cardiovascular events.1213 The biomarkers evaluated in the present study included a broad
panel of soluble inflammatory, platelet, and lipid-related biomarkers.

The current study included 959 patients enrolled in a multicenter, randomized, double-blind,
placebo-controlled, parallel-group study that was conducted in 110 sites in 15 countries from
2005 to 2006. This study evaluated the ability of darapladib to produce sustained inhibition
of plasma Lp-PLA; activity in subjects with stable coronary heart disease (CHD) or CHD-
risk equivalent receiving concomitant atorvastatin therapy. All eligible subjects were
initially randomized to double-blind atorvastatin 20 or 80 mg once daily. After 4 weeks,
subjects who tolerated atorvastatin therapy and achieved low-density lipoprotein cholesterol
(LDL-C) levels of <115 mg/dL were then randomized to concomitant administration of
darapladib or placebo once daily for 12 weeks. Ethics committees approved the protocol,
and all subjects provided written informed consent before enrollment in the study.

The details of the trial design have been published previously.12 Briefly, the study included
subjects aged 18 to 80 years with stable CHD or CHD-risk equivalent (defined as diabetes

Am Heart J. Author manuscript; available in PMC 2013 August 23.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Berger et al.

Page 3

mellitus requiring hypoglycemic medication, carotid stenosis >50%, prior carotid surgery or
stenting, PAD, or a cluster of risk factors resulting in 10-year risk for coronary events >20%
according to Framingham Risk Score).

Assessments

Blood samples were collected in the fasting state at baseline (following randomization to
atorvastatin 20 or 80 mg, but before randomization to darapladib or placebo) and at 4 and 12
weeks of dosing with darapladib or placebo. Total cholesterol, high-density lipoprotein
cholesterol (HDL-C), calculated LDL-C, and triglycerides were assessed. In addition,
plasma Lp-PLA, activity, inflammatory biomarkers, and platelet-related biomarkers were
measured at baseline and at 4 and 12 weeks. Plasma Lp-PLA activity and platelet-related
biomarkers were also measured 2 weeks after discontinuing darapladib or placebo. Details
regarding the analysis of the biomarkers were described previously.12

Statistical analysis

Results

A retrospective exploratory statistical analysis was conducted to characterize the baseline
demographic and biomarker characteristics for patients with and without PAD. Analysis of
variance was conducted to compare baseline characteristics in patients with and without
PAD, adjusting for statin dose. Multivariate analysis of covariance was conducted to assess
several biomarker responses and their change from baseline at discrete time points
comparing patients with and without PAD as well to assess darapladib's effect within these
patient subgroups. No adjustment was made for multiple testing because of the exploratory
nature of the investigation.

Among the 959 participants with coronary disease or their risk equivalent, 172 (17.9%) had
a medical history of PAD. Table I shows baseline characteristics. Subjects with PAD were
older (65 vs 62 years, P<.01), were less frequently diabetic (35% vs 52%, P< .01), had
lower body mass index (29 vs 30 kg/m2, £=.02), had lower diastolic blood pressure (76 vs
78 mm Hg, £=.02), and were more likely to be current smokers (19% vs 13%, P =.03).
There was no difference in sex, systolic blood pressure, or concomitant medications between
the groups.

Table Il demonstrates the baseline lipid, inflammatory, and platelet biomarkers in subjects
with and without PAD. Levels of total cholesterol, LDL-C, HDL-C, triglycerides, Lp-PLA,
activity, and P-selectin were not different between the groups. Subjects with PAD had
significantly higher levels of IL-6, MMP-9, adiponectin, ICAM-1, and osteoprotegrin
compared with subjects without PAD. Levels of high-sensitivity CRP (hs-CRP), MPO,
CDA40 ligand were higher in the PAD group; however, these results did not reach statistical
significance.

Figure 1 shows the results of baseline inflammatory and platelet biomarkers in subjects with
versus without PAD, after multivariable adjustment. After adjustment for age, sex, body
mass index, smoking status, diabetic status, and randomized statin dose, participants with
PAD had higher levels of hs-CRP (17%, 95% confidence interval [CI] 0.8-31, P=.04), IL-6
(13%, 95% CI 4-21, P< .01), MMP-9 (22%, 95% CI 10-31, £<.01), adiponectin (17%,
95% CI 7-26, P< .01), ICAM-1 (7%, 95% CI 2-11, P< .01), MPO (12%, 95% CI 2-20, P
=.01), and osteoprotegrin (6%, 95% CI 1- 10, £=.02) compared with subjects without
PAD (Figure 1, A). In addition, CD40 ligand (15%, 95% CI 1-28, P=.04) and triglycerides
(11%, 95% CI 0.2-21, P=.05) were significantly higher in subjects with PAD (Figure 1, B).
Levels of other platelet biomarkers (urinary 11-dehydro-TxB2 [7%, 95% Cl -5 to 18, P=.
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24] and P-selectin [3%, -3 to 9, A= .34]) were higher in subjects with PAD, but the
difference was not statistically significant. Even after adjustment, levels of Lp-PLA,
(-0.6%, 95% CI -6 to 5, P=.82), total cholesterol (0.5%, 95% CI -5 to 4, = .83), LDLC
(-2%, 95% CI -5 to 2, P=.35), and HDL-C (-1%, 95% CI -3 to 1, A= .30) were not
different between the groups with and without PAD.

As shown in Table Il and Figure 1, A, baseline Lp-PLA, activity was comparable among
subjects with and without PAD. Of note, darapladib 160 mg produced highly significant
inhibition of Lp-PLA; activity when compared with placebo at weeks 4 and 12 (P< .01) in
patients with and without PAD in the setting of intensive statin therapy (Figure 2). In both
groups, there was a clear dose-dependent reduction of Lp-PLA, activity after 4 weeks of
darapladib dosing (first measurement after randomization), which was also observed at 12
weeks (P < .001 for all doses) (data not shown). In the PAD group, the observed inhibition
of Lp-PLA, activity was sustained at approximately 44%, 58%, and 65% for darapladib 40,
80, and 160 mg, respectively. In the non-PAD group, the observed inhibition of Lp-PLA;
activity was sustained at approximately 43%, 55%, and 67% for darapladib 40, 80, and 160
mg, respectively. Following darapladib discontinuation in both groups, levels of Lp-PLA;
activity returned toward baseline values.

Discussion

There are 2 important findings of this analysis of patients with CHD or their risk equivalent
receiving background atorvastatin treatment. First, subjects with PAD differed from those
with CHD or CHD-risk equivalent but without PAD. In conjunction with differences in
clinical characteristics, the presence of PAD was associated with higher levels of MMP-9,
MPO, IL-6, adiponectin, ICAM-1, osteoprotegrin, CD40 ligand, hs-CRP, and triglycerides
compared with those without PAD, after multivariable adjustment. Second, darapladib (an
Lp-PLA, inhibitor) was effective at potently reducing Lp-PLA, irrespective of PAD and
baseline differences in other circulating biomarkers.

These observations suggest the importance of inflammatory, platelet, and lipid biomarkers in
the pathophysiology of PAD. Higher inflammatory burden observed in this and other studies
of PAD patients®14-17 could be mediated by reverse causation due to larger disease burden
and often delayed diagnosis of PAD as compared with CHD alone. Alternatively,
differences in biomarkers may reflect a more aggressive disease process in patients with
PAD.10.11 |t js also important to underscore that at least some biomarkers could have
originated outside atherosclerotic lesions. Although, abdominal obesity has been linked to
higher circulating interleukin levels and CRP, patients with PAD in this study had lower
body mass index, lower frequency of diabetes, and higher levels of adiponectin compared
with those without PAD, making this a less likely explanation. There are several reported
studies evaluating hs-CRP16-20 and some reports evaluating other proatherosclerotic risk
factors in patients with PAD. However, there are few published reports comparing the
combination of numerous inflammatory, platelet, and lipid biomarkers simultaneously in
patients with PAD. Our results confirm previous studies indicating that hs-CRP, MPO,21 L
-6,17 ICAM-1,22 CD40 ligand,23 and triglycerides are elevated in patients with PAD.
Several studies including the present one noted a higher level of adiponectin in patients with
PAD,24-26 3lthough this is far from certain.1> We are unaware of any studies comparing all
of the reported biomarkers simultaneously in those with CHD and PAD compared with
those with CHD and no evidence of PAD.

Inflammation, platelets, metabolic, and lipid abnormalities all play a prominent role in the
development and complications of atherosclerosis.2” In addition to improving the lipid and
lipoprotein profile, statins may have “pleiotropic” effects by decreasing inflammation,
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improving endothelial function, and inhibiting platelet function.28 Nonetheless, patients
continue to experience adverse cardiovascular events even after high-dose statins and
attainment of the LDL-C goal. In patients following acute coronary syndrome enrolled in the
Pravastatin or Atorvastatin Evaluation and Infection Therapy-Thrombolysis in Myocardial
Infarction 22 (PROVE-IT-TIMI 22) study, in which LDL was <70 mg/dL, there was a 22%
event rate in the atorvastatin group at 2 years after enrollment.2® Great interest has therefore
emerged to further stratify patients and identify those who would benefit from more
aggressive risk reducing therapies. One such biomarker that may be used to stratify and
target is Lp-PLA,. Lipoprotein-associated phospholipase A, is produced in atherosclerotic
plaque, and it is specifically linked to the causal pathway of plaque inflammation and
presumably rupture.39 A recent meta-analysis found that Lp-PLA, was associated with the
risk of CHD and vascular death.31 A study in a hyperlipidemic, diabetic pig model
demonstrated a marked reduction in atherosclerosis with inhibition of Lp-PLA,.13 A phase 2
clinical trial in 959 patients with CHD or CHD-risk equivalents demonstrated that
darapladib was effective at producing sustained inhibition of plasma Lp-PLA, activation in
patients on atorvastatin therapy. The current study is a post hoc analysis of this phase 2 trial
studying high-risk patients with a diagnosis of PAD. Despite a more aggressive baseline risk
factor profile as demonstrated with significantly higher levels of biomarkers, darapladib was
equally effective at reducing Lp-PLA; in patients with and without PAD.

As noted, there was no difference in Lp-PLA; activity, LDL-C, and total cholesterol
between patient with and without PAD. This observation most likely reflects that both
groups of patients were placed on medium- and high-dose atorvastatin therapy before
measuring these biomarkers. Because Lp-PLA, primarily circulates bound to LDL
particles,32 it is not surprising that this biomarker did not differ among PAD and non-PAD
patients on a background of statin therapy.

There are several potential limitations to keep in mind when interpreting the results of this
study. First, the diagnosis of PAD was ascertained and recorded by medical history. Given
the universal underdiagnosis of PAD33:34 and the inclusion in this analysis of patients with
documented PAD, it is likely that our study included asymptomatic PAD in the comparator
group, and therefore, this report may actually underestimate the impact of PAD on
biomarkers. Second, the results for inflammatory and platelet biomarkers are likely
underestimated due to protocol-driven requirements that patients are all treated with aspirin
and statin therapy, respectively. In addition, because of its nonrandomized, post hoc nature,
there may remain significant unrecognized differences between groups, even after correction
for the observed differences. Finally, because this study had no clinical follow-up period, it
is unknown whether the administration of an Lp-PLAZ inhibitor would decrease clinical end
points. This is an area of active investigation that is being addressed in the STabilization of
Atherosclerotic plaque By Initiation of darapLadlb TherapY (STABILITY) trial, a phase 11l
study multicenter, randomized, double-blind, placebo-controlled event-driven outcomes
study in patients with chronic CHD. The trial is expected to be completed in 2012, and the
results determine whether inhibiting Lp-PLA, activity in circulation and/or atherosclerotic
plaques confers clinical benefit on cardiovascular risk.

Conclusions

Among patients with stable CHD or CHD-risk equivalent receiving concomitant atorvastatin
therapy, PAD is associated with a higher level of MMP-9, MPO, IL -6, adiponectin,
ICAM-1, osteoprotegrin, CD40 ligand, hs-CRP, and triglycerides compared with those
without PAD. The association between PAD and these biomarkers underscores the high risk
detected in patients with a diagnosis of PAD. Despite the higher level of baseline biomarkers
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patients with PAD, darapladib was equally effective at reducing Lp-PLA; activity in

patients with and without PAD.
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Figure 1.

Peripheral arterial disease status and levels of inflammatory biomarkers (A) and platelet
biomarkers (B), after multivariable adjustment. Adjusted for age, sex, body mass index,
statin use, smoking, and diabetic status.
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Figure2.

Effect of darapladib on Lp-PLA; in patients with and without PAD. The results are
presented as geometric means with 95% CI. Darapladib produced highly significant
inhibition of Lp-PLA, activity when compared with placebo at weeks 4 and 12 (P< .01) in
patients with and without PAD.
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Table |

Baseline characteristics of participants with and without PAD

Subjects
Subjects  without
Overall  with PAD PAD
(N=959) (n=172) (n=787) P

Demographic data

Age (y), mean™ 63+9 65+8 62+9 0005

Men/women (%) 71/29 74126 71/29 4232

Body mass index (kg/m2), mean ™ 30+6 295 306 0167

Systolic blood pressure™ 133+15 133+15 133+15 9834

Diastolic blood pressure ™ 78+9 7610 78+9 0163

Heart rate © 67+11 68 + 12 67 £10 .0736
Risk factors (%)

Diabetes” 49 35 52 <.0001

Hypertension 74 75 74 7697

Dyslipidemia 61 65 60 2871

Current smoking 14 19 13 .0265
Medical history (%)

CHD 54 61 52 .0163

PAD 18 100 0

Stroke or transient ischemic attack 6 12 5 .0007

No documented vascular disease? 39 0 48
Concomitant medications (%)

Antiplatelet 83 84 82 4287

Atorvastatin 100 100 100

ACE inhibitor or ARB 68 67 68 .9136

B-Blocker 48 50 48 .6418

Thiazolidinedione 10 8 10 4255

ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

*
Presented as arithmetic mean + SD.
fDenotes diabetes requiring pharmacotherapy.

iRefers to patients with Framingham Risk Score >20%.
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Table Il

Baseline biomarkers of participants with and without PAD

Subjectswith PAD

Subjects without

Overall (N = 959) (n=172) PAD (n = 787) P
Baseline lipid and HbA1c values *
Total cholesterol (mg/dL) 142 + 28 142 +31 142 + 28 .8373
LDL-C (mg/dL) 67 + 22 67 +22 68 +21 .6846
HDL-C (mg/dL) 50 +13 50 + 14 50 +£13 7620
Triglycerides (mg/dL) 127 + 65 132+ 76 126 + 63 .1760
HbAlc (%) 6.7 +1.04 6.5+0.97 6.7 +1.05 .0535
Baseline Inflammatory biomarker values”
Lp-PLA, activity (nmol min~t mL™1) 123 (107, 145) 125 (109, 149) 123 (107, 145) .3056
hs-CRP (mg/L) 1.17 (0.6, 2.5) 1.32 (0.6, 2.6) 1.14(0.6,2.4)  .1252
IL-6 (ng/L) 2.53 (1.7, 3.5) 2.88(2.0,4.2) 246(1.7,33)  .0035
Myeloperoxidase (pmol/L) 556 (380, 755) 600 (422, 826) 547 (375, 743) .0660
Matrix metalloproteinase-9 (ug/L) 499 (273, 877) 593 (323, 1050) 481 (260, 830) .0017
Adiponectin (ng/mL) 6.73 (4.2, 10.6) 7.9 (4.9,13.1) 6.5(4.2,10.2)  .0017
ICAM-1 (ug/L) 262 (224, 300) 280 (235, 327) 259 (222,295)  .0011
Osteoprotegerin (pmol/L) 577 (4.7,7.0) 6.17 (5.0, 7.0) 5.69 (4.6, 7.0) .0046
Baseline platelet biomarker values”
P-selectin (ug/L) 49 (38, 62) 50 (39, 63) 49 (37, 61) .3631
CDA40L (pg/mL) 375 (188, 669) 411 (216, 707) 367 (181, 654)  .1511
U-11-dehydro-TxB2 (ng/mmol Cr) 56 (35, 81) 58 (35, 88) 55 (34, 80) 3657

HbAIc, Hemoglobin Alc; 7xB2, thromboxane B2.
*
Presented as arithmetic mean + SD.

fPresented as geometric mean (interquartile range: 25th, 75th percentile).
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