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Aims In epidemiologic cohorts initiated >30years ago, inflammatory biomarkers, such as interleukin-6 (IL-6) and high-
sensitivity C-reactive protein (hsCRP) were shown to independently predict future cardiovascular events with a
magnitude of effect comparable to that of low-density lipoprotein cholesterol (LDLC). Whether aggressive con-
temporary therapy for atherosclerosis has altered these relationships is unknown yet has major implications for fu-
ture drug development.

Methods Interleukin-6, hsCRP, and LDLC were measured at baseline in up to 4168 North American patients enrolled in the

and results contemporary Cardiovascular Inflammation Reduction Trial with prior myocardial infarction or multivessel coron-
ary disease who additionally had diabetes or metabolic syndrome and were followed for a period of up to 5years
for incident major recurrent cardiovascular events and all-cause mortality. Three-quarters of the cohort were pre-
viously revascularized and the great majority was taking statins, angiotensin blocking agents, beta-blockers, and
antithrombotic agents. Participants were randomly allocated to low-dose methotrexate 15mg weekly or to pla-
cebo. Randomized use of methotrexate had no effect on event rates nor plasma levels of IL-6, hsCRP, or LDL
over time. Yet, baseline levels of IL-6, hsCRP, and LDLC were all predictors of major recurrent cardiovascular
events; adjusted hazard ratios [HR; 95% confidence interval (Cl)] for the lowest to highest baseline quartiles of IL-6
were 1.0 (referent), 1.66 (1.18-2.35), 1.92 (1.36-2.70), and 2.11 (1.49-2.99; P<0.0001), while adjusted HRs for
increasing quartiles of hsCRP were 1.0 (referent), 1.28 (0.92-1.79), 1.73 (1.25-2.38), and 1.79 (1.28-2.50;
P<0.0001) and adjusted HRs for increasing quartiles of LDLC were 1.0 (referent), 1.12 (0.78-1.62), 1.25 (0.87—
1.79), and 2.38 (1.72-3.30; P <0.0001). Effect estimates were not statistically different in these analyses for compar-
isons between IL-6, hsCRP, or LDLC, although IL-6 was the strongest predictor of all-cause mortality. The highest
absolute risks were observed among those with elevated levels of both cholesterol and inflammation [HR 6.4 (95%
Cl 2.9-14.1) for those in the top quartiles of baseline IL-6 and LDLC, HR 4.9 (95% CI 2.6-9.4) for those in the top
quartiles of baseline hsCRP and LDLC, both P <0.0001].

Conclusion Despite aggressive contemporary secondary prevention efforts, the relationships between inflammation,
cholesterol, and cardiovascular risk are largely unchanged from those described two decades ago. These data are
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consistent with the hypothesis that future treatments for atherosclerosis may require a combination of inflamma-

tion inhibition and additional cholesterol reduction.

Keywords

Introduction

In primary prevention cohorts initiated >30years ago, the inflamma-
tory biomarkers C-reactive protein (CRP) and interleukin-6 (IL-6)
were found to independently predict future cardiovascular events
with a magnitude similar to that of low-density lipoprotein choles-
terol (LDLC)." Since that time, high-sensitivity C-reactive protein
(hsCRP) has emerged as a validated biomarker commonly used in
North American clinical practice to measure inflammatory risk in pri-
mary prevention and residual inflammatory risk in secondary preven-
tion following statin therapy.® However, use of hsCRP is limited in
European practice.

C-reactive protein itself, however, is a downstream hepatic acute
phase reactant unlikely to play a direct role in atherothrombosis. By
contrast, IL-6, the primary cytokine driving hepatic CRP production,
sits at a crucial juncture in a proven pathway linking inflammation to
vascular events.”® Mendelian randomization studies have found poly-
morphism in the IL-6 signalling pathway to associate with lifelong
hsCRP levels and lifelong vascular risk.”'® The large-scale CANTOS
inflammation inhibition trial has shown that the magnitude of anti-
cytokine benefit in atherothrombosis relates directly to the magni-
tude of inflammation reduction achieved."™™ Interleukin-6 is thus a
prominent inflammatory target for future cardiovascular clinical tri-
als."*"” Very recently, the COLCOT trial has shown that anti-
inflammatory therapy with colchicine can also reduce vascular events,
a finding of interest as this microtubule inhibitor may also have impact
on the NLRP3 inflammasome and hence downstream production of
both IL-6 and hsCRP."®

From a diagnostic perspective, as IL-6 is situated directly in a cen-
tral causal pathway, its measurement in contemporary clinical prac-
tice might yield an improved signal to noise ratio compared with
hsCRP. Yet, translational evidence comparing the predictive utility of
IL-6, hsCRP, and LDLC is sparse and little comparative data are avail-
able among secondary prevention patients taking statins, a lipid-low-
ering therapy with concomitant anti-inflammatory effects.’® Further,
whether aggressive adjunctive therapies beyond statins have altered
contemporary relationships between inflammation, lipids, and vascu-
lar risk is unknown, yet is a critical issue for drug development.

We addressed these issues in a contemporary prospective cohort
of 4168 aggressively treated North American participants in the
Cardiovascular Inflammation Reduction Trial (CIRT)* with athero-
sclerotic disease who had IL-6, hsCRP, and LDLC measured at base-
line and were then followed over a period of up to 5 years for major
incident cardiovascular events and all-cause mortality.

Interleukin-6 o C-reactive protein ® Cholesterol e Coronary heart disease e Mortality

Methods

The study population derived from participants in the National Heart
Lung and Blood sponsored CIRT, a randomized double-blind placebo-
controlled evaluation of low-dose methotrexate in the prevention of re-
current cardiovascular events that was conducted exclusively in the U SA
and Canada.”®

Participants were eligible for CIRT if they had a history of myocardial
infarction or multivessel coronary disease and either Type 2 diabetes or
the metabolic syndrome. All participants were medically stable and had
completed any planned revascularization procedures prior to enrolment.
Those with a history of chronic infection, tuberculosis, pulmonary fibro-
sis, interstitial pneumonitis, hepatic or renal dysfunction, alcohol abuse, or
Class IV heart failure were excluded, as were individuals taking oral gluco-
corticoids or other immunosuppressive agents.

The current analysis includes data from up to 4168 CIRT participants
(88 % of the trial) who underwent evaluation of IL-6, hsCRP, and lipid lev-
els at baseline. Levels of hsCRP and LDLC were measured in a commer-
cial central laboratory as part of the main trial procedures. Levels of IL-6
assays were measured after trial conclusion in frozen plasma samples
using human  high-sensitivity ELISA from R&D Systems ( Minneapolis,
MN, USA) in the Department of Laboratory Medicine, Boston Children’s
Hospital, the U S reference laboratory for inflammatory biomarkers. In
blinded split samples derived from the CIRT biobank, intra-assay, and
inter-assay coefficients of variation for all three analytes were <8 % across
the reference range.

Participants were followed prospectively over a maximal period of
5 years for incident major adverse cardiovascular events inclusive of non-
fatal myocardial infarction, non-fatal stroke, hospitalization for unstable
angina requiring urgent revascularization, cardiovascular death, and all-
cause mortality. All of these events were adjudicated by endpoints com-
mittee unaware of treatment assignment.

Spearmen correlation coefficients were used to address relationships
between IL-6, hsCRP, and LDLC. Cox proportional hazard models were
used to estimate relative hazards for major adverse cardiovascular events
according to increasing quartiles of baseline IL-6, hsCRP, and LDLC.
Multivariable models adjusted for age, gender, smoking status, diabetes,
blood pressure, and body mass index were evaluated. The multivariate
analyses were further stratified by type of index event, time since index
event, and presence of diabetes or metabolic syndrome. For IL-6 and
hsCRP, we additionally performed analyses adjusting for lipid levels, while
for LDLC, we additionally performed models adjusting for inflammatory
biomarkers. We tested for trend across quartiles of IL-6, hsCRP, of
LDLC by entering a single ordinal term for the quartile in the Cox regres-
sion model. In sensitivity analyses, we additionally calculated the risk per
standard deviation increase for each biomarker. To evaluate joint inflam-
matory effects, we repeated our analyses after classifying all study partici-
pants into one of four groups on the basis of whether their IL-6 and CRP
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Table |

Incidence rates and adjusted hazard ratios for future cardiovascular events and all-cause mortality associated

with baseline interleukin-6 levels in the Cardiovascular Inflammation Reduction Trial

Interleukin-6 (baseline)

IL-6 (pg/mL) Quartile Quartile Quartile
17 <1.69 2*1.70-2.50 3*2.51-3.86

MACE-plus

IR (N) 228 (53) 4.12 (90) 4.66 (96)

HR 1.0 1.66 1.92

95% Cl — 1.18-2.35 1.36-2.70

P — 0.004 0.0002
MACE

IR (N) 1.70 (40) 329 (73) 3.78 (79)

HR 1.0 1.72 2.01

95% Cl — 1.16-2.54 1.36-2.96

P — 0.007 0.0004
Myocardial infarction

IR (N) 131331 2.15 (48) 233 (49)

HR 1.0 149 1.67

95% Cl — 0.94-2.35 1.05-2.64

P — 0.09 0.03
Stroke

IR (N) 0.29 (7) 0.61(14) 0.65 (14)

HR 1.0 1.83 1.88

95% ClI — 0.73-4.57 0.75-4.73

P — 0.20 0.18
All-cause mortality

IR (N) 0.47 (12) 1.50 (36) 247 (56)

HR 1.0 254 4.14

95% Cl — 1.31-4.90 221-7.77

P — 0.006 <0.0001

Multivariable-adjusted risk (per quartile)

Quartile Excluding lipids® Including lipids®
4" >3.87

5.30 (102) — —

2.1 124 120
1.49-2.99 1.12-1.38 1.08-1.33
<0.0001 <0.0001 0.0008
4.62 (90) — —

235 128 123
1.59-347 1.14-1.44 1.10-1.38
<0.0001 <0.0001 0.0005
2.95 (58) — —

2.08 125 120
1.32-329 1.09-1.43 1.04-1.38
0.002 0.002 0.01

0.94 (19) — —

235 126 117
0.95-5.80 0.97-1.63 0.90-1.53
0.06 0.08 0.24
2.31(50) — —

3.55 139 1.35
1.85-6.78 1.19-1.63 1.15-1.59
0.0001 <0.0001 0.0002

Cl, confidence interval; HR, hazard ratio; IR, incidence rate (per 100 person-years); MACE, major adverse cardiovascular events (non-fatal myocardial infarction, non-fatal
stroke, and cardiovascular death); MACE-plus, MACE plus hospitalization for unstable angina requiring urgent revascularization.
?Adjusted for age, gender, smoking status, body mass index, and blood pressure and stratified on diabetes and or metabolic syndrome.

bAdditionally adjusted for total cholesterol and high-density lipoprotein cholesterol.

levels were above or below the respective study medians. To evaluate
joint effects between inflammation and lipids, we repeated our analyses
after classifying all study participants into 1 of 16 groups on the basis of
baseline quartile of both IL-6 and LDLC (or hsCRP and LDLC). Kaplan—
Meier survival curves were constructed to visually express relationships
between each biomarker and subsequent risk over time. All P-values
are two-tailed and all confidence intervals (Cls) computed at the
95% level.

Results

Supplementary material online, Table ST presents the baseline clinical
characteristics of the study population according to increasing quar-
tiles of IL-6, while Supplementary material online, Tables S2 and S3
present similar data for hsCRP and LDLC. While most factors were
balanced, the prevalence of obesity, elevated triglycerides, and female
gender were all higher among those with elevated levels of IL-6, CRP,
and LDLC, whereas the prevalence of diabetes was lower in those
with higher LDLC levels.

As would be anticipated, baseline plasma levels of IL-6 and hsCRP
were correlated (Spearman rho = 0.47, P<0.0001). By contrast,
there was no significant correlation between IL-6 and LDLC (rho =
0.015, P=0.33) and only a small correlation between hsCRP and
LDLC (rho = 0.18, P <0.001).

Interleukin-6, high-sensitivity C-reactive
protein, and low-density lipoprotein
cholesterol as predictors of major
adverse cardiovascular events

During the follow-up period, 341 first major adverse cardiovascular
events accrued and there were 154 deaths from any cause. With re-
gard to individual endpoints, for which participants could have suf-
fered more than one, there were 186 non-fatal myocardial
infarctions, 54 non-fatal strokes, 77 hospitalizations for unstable an-

gina requiring urgent revascularization, and 77 cardiovascular deaths.
Baseline levels of IL-6, hsCRP, and LDLC were all predictive of fu-
ture major adverse cardiovascular events (Tables 1-3). For example,
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Incidence rates and adjusted hazard ratios for future cardiovascular events and all-cause mortality associated

with baseline high-sensitivity C-reactive protein in the Cardiovascular Inflammation Reduction Trial

Table 2
hsCRP (baseline)
hsCRP (mg/L) Quartile Quartile Quartile
1% <0.73 2%0.74-1.50 3*1.51-3.41

MACE-plus

IR (N) 2.82 (63) 3.58 (77) 4.88 (100)

HR 1.0 128 173

95% Cl — 0.92-1.79 1.25-2.38

P — 0.15 0.0009
MACE

IR (N) 221 (50) 2.89 (63) 4.10 (85)

HR 1.0 1.31 1.83

95% Cl — 0.90-1.91 1.28-2.61

P — 0.15 0.0009
Myocardial infarction

IR (N) 1.58 (36) 1.73 (38) 2.68 (56)

HR 1.0 1.1 1.71

95% Cl — 0.70-1.75 1.12-2.63

P — 0.67 0.01
Stroke

IR (N) 0.39 (9) 0.54 (12) 0.75 (16)

HR 1.0 1.40 1.84

95% Cl — 0.59-3.33 0.80-4.23

P — 0.45 0.15
All-cause mortality

IR (N) 1.46 (35) 1.49 (35) 1.92 (44)

HR 1.0 0.99 1.19

95% Cl — 0.61-1.58 0.76-1.88

P — 0.99 0.44

Multivariable-adjusted risk (per quartile)

Quartile Excluding lipids® Including lipids®
4° >3.42

4.90 (101) — —

179 122 1.1
1.28-2.50 1.10-1.35 1.00-1.24
0.0006 0.0001 0.05

4.02 (84) — —

1.88 124 112
1.30-2.73 1.11-1.39 1.00-1.26
0.0008 0.0002 0.05

2.65 (56) — —

1.83 125 1.14
1.17-2.85 1.09-1.44 0.99-1.32
0.008 0.002 0.08

0.78 (17) — —

1.85 122 1.04
0.79-4.36 0.94-1.58 0.79-1.36
0.16 0.13 0.79

1.72 (40) — —

1.14 1.06 1.00
0.71-1.85 0.91-1.24 0.85-1.17
0.59 0.44 0.95

Cl, confidence interval; HR, hazard ratio; IR, incidence rate (per 100 person-years); MACE, major adverse cardiovascular events (non-fatal myocardial infarction, non-fatal
stroke, and cardiovascular death); MACE-plus, MACE plus hospitalization for unstable angina requiring urgent revascularization.
?Adjusted for age, gender, smoking status, body mass index, and blood pressure and stratified on diabetes and or metabolic syndrome.

bAdditionally adjusted for total cholesterol and high-density lipoprotein cholesterol.

for the CIRT primary endpoint of non-fatal myocardial infarction,
non-fatal stroke, hospitalization for unstable angina requiring urgent
revascularization, or cardiovascular death [major adverse cardiovas-
cular events (MACE)-plus], multivariable hazard ratios (HR; 95% Cl)
adjusted for age, gender, smoking status, blood pressure, body mass
index, and diabetes or metabolic syndrome for the lowest to highest
baseline quartiles of IL-6 were 1.0 (referent), 1.66 (1.18-2.35), 1.92
(1.36-2.70), and 2.11 (1.49-2.99; P < 0.0001), while adjusted HRs for
increasing quartiles of hsCRP were 1.0 (referent), 1.28 (0.92-1.79),
1.73 (1.25-2.38), and 1.79 (1.28-2.50; P<0.0001) and adjusted HRs
for increasing quartiles of LDLC were 1.0 (referent), 1.12 (0.78-
1.62), 1.25 (0.87-1.79), and 2.38 (1.72-3.30; P<0.0001) (Tables 1-3
and Figure 1).

In analyses assuming a linear effect across quartiles, the multivari-
able-adjusted hazard associated with each increasing quartile of IL-6
was 24% (95% Cl 12-38; P<0.0001) as compared to an increase of
22% for each increasing quartile of hsCRP (95% ClI 10-35;
P=0.0001) and an increase of 35% for each increasing quartile of
LDLC (95% Cl22-50; P <0.001).

After additional adjustment for lipids, the effect of IL-6 on re-
sidual inflammatory risk appeared to be somewhat greater than
that of hsCRP although the difference between biomarkers was
not statistically significant; specifically, after further adjustment
for total cholesterol and high-density lipoprotein cholesterol,
the HR for each increasing quartile of IL-6 increased by 20%
(95% CI 8-33 ; P=0.0008) as compared to an increase of 11%
for each increasing quartile of hsCRP (95% CI 0-24; P=0.05).
In parallel, but after additional adjustment for IL-6 and hsCRP
rather than for lipid levels, each increasing quartile of LDLC at
baseline remained associated with a 35% increase in risk (95%
Cl 21-50, P <0.001).

In sensitivity analyses using log-transformed data, the adjusted risks
associated with each 1 SD increase in IL-6, hsCRP, and LDLC for the
endpoint of MACE-plus were estimated to be 23%, 23%, and 55%,
respectively (all P-values < 0.001). By contrast, for the endpoint of all-
cause mortality, the magnitude of risk associated with IL-6 was
greater in magnitude than that observed for either hsCRP or LDLC
(Tables 1-3 and Figure 1).
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Incidence rates and adjusted hazard ratios for future cardiovascular events and all-cause mortality associated

with baseline low-density lipoprotein cholesterol in the Cardiovascular Inflammation Reduction Trial

Table 3
LDLC (baseline)
LDLC (mg/dL) Quartile Quartile Quartile
1°<53.9 2% 54.0-68.9 3% 69.0-87.0

MACE-plus

IR (N) 2.82(53) 3.12 (66) 330 (72)

HR 1.0 112 125

95% Cl — 0.78-1.62 0.87-1.79

P — 0.53 0.22
MACE

IR (N) 221 (42) 2.57 (55) 2.73 (60)

HR 1.0 1.18 133

95% Cl — 0.79-1.77 0.90-1.98

P — 042 0.16
Myocardial infarction

IR (N) 147 (28) 1.86 (40) 1.63 (36)

HR 1.0 129 120

95% Cl — 0.79-2.09 0.73-1.97

P — 0.31 0.47
Stroke

IR (N) 0.31 (6) 0.41(9) 0.49 (11)

HR 1.0 1.39 1.71

95% ClI — 0.49-3.92 0.63-4.66

P — 0.53 0.29
All-cause mortality

IR (N) 157 (32) 1.53 (35) 1.55 (37)

HR 1.0 0.98 1.05

95% Cl — 0.60-1.58 0.65-1.70

P — 092 0.83

Multivariable-adjusted risk (per quartile)

Quartile Excluding IL-6 Including IL-6
4*>87.0 and hsCRP? and hsCRP®
6.06 (124) — —

238 1.35 133
1.72-3.30 1.22-1.50 1.20-1.48
<0.0001 <0.0001 <0.001
5.04 (105) — —

2.59 139 137
1.80-3.72 1.24-1.56 121-1.54
<0.0001 <0.0001 <0.0001
3.32(70) — —

2.58 137 134
1.65-4.02 1.18-1.57 1.16-1.55
<0.0001 <0.0001 <0.0001
0.97 (21) — —

3.56 1.55 1.52
1.42-8.92 1.17-2.06 1.14-2.02
0.007 0.003 0.005
1.96 (46) — —

149 115 1.14
0.94-2.37 0.99-1.33 0.98-1.33
0.09 0.07 0.08

Cl, confidence interval; HR, hazard ratio; IR, incidence rate (per 100 person-years); MACE, major adverse cardiovascular events (non-fatal myocardial infarction, non-fatal
stroke, and cardiovascular death); MACE-plus, MACE plus hospitalization for unstable angina requiring urgent revascularization.
?Adjusted for age, gender, smoking status, body mass index, and blood pressure and stratified on diabetes and or metabolic syndrome.

®Additionally adjusted for IL-6 and hsCRP.

Joint effects of interleukin-6, high-
sensitivity C-reactive protein, and
low-density lipoprotein cholesterol

Despite substantive correlation between IL-6 and hsCRP, individuals
with elevated levels of both inflammatory biomarkers had higher car-
diovascular event rates; compared to those with below median levels
of both IL-6 and hsCRP at baseline (incidence rate for MACE-plus
2.82 per 100 person-years, referent group), those with above median
levels of both inflammatory biomarkers at baseline had an approxi-
mate doubling of risk (incidence rate for MACE-plus 5.40 per 100
person-years, adjusted HR 1.9, 95% CI 1.4-2.4; P <0.0001; Figure 2,
top). Similarly, compared to those with below median levels of both
IL-6 and hsCRP at baseline (incidence rate 0.90 per 100 person-years,
referent group), those with above median levels of both inflamma-
tory biomarkers at baseline had a more than doubled risk of all-cause
mortality (incidence rate 2.2 per 100 person-years, adjusted HR 2.41,
95% Cl 1.56-3.72, P <0.0001). Comparable findings for the endpoint
of MACE-plus for those with IL-6 or hsCRP above or below the

study median and LDLC above or below the study median are pre-
sented in Figure 2 (middle and bottom).

The very highest risks, however, were observed among cohort
participants who, despite aggressive prevention therapy, nonetheless
had the highest baseline levels of both cholesterol and inflammation.
Compared to those with the lowest baseline quartiles of IL-6 and
LDLC (incidence rate for MACE-plus 1.39 per 100 person-years, ref-
erent group), those with the highest quartiles of both biomarkers had
a six-fold increase in risk (incidence rate for MACE-plus 9.49 per 100
person-years, adjusted HR 6.36, 95% Cl 2.9-14.1; P<0.0001; Take
home figure, top). Similarly, compared to those with the lowest base-
line quartiles of hsCRP and LDLC (incidence rate for MACE-plus
1.68 per 100 person-years, referent group), those with the highest
quartiles of both biomarkers had a near five-fold increase in risk (inci-
dence rate for MACE-plus 7.41 per 100 person-years, adjusted HR
4.90,95% Cl 2.6 —9.4; P <0.0001; Take home figure, middle).

Similar additive effects were observed in analyses using traditional
clinical cut-points for LDLC (>100, 100-70, <70 mg/dL) and hsCRP
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Figure | Adjusted hazard ratios for major adverse cardiovascular events-plus, major adverse cardiovascular events, myocardial infarction, stroke,
and all-cause mortality according to baseline quartiles of interleukin-6, high-sensitivity C-reactive protein, and low-density lipoprotein cholesterol.

(<1,1-3,and >3 mg/L) rather than quartiles; compared to those with
the LDLC <70 mg/dL and hsCRP <1 mg/L (incidence rate for MACE-
plus 2.23 per 100 person-years, referent group), those with LDLC
>100 mg/dL and hsCRP >3 mg/L had a more than doubled risk (inci-
dence rate for MACE-plus 7.06 per 100 person-years, HR 2.44, 95%
Cl11.6-3.7; P<0.0001; Take home figure, bottom).

Effect modification and subgroup

analyses

We observed no significant effect modification in these data by gen-
der, age, body mass index, blood pressure, or smoking pattern, all
issues known to impact upon inflammatory biomarker levels.
Observations were similar among those trial participants with a past
history of myocardial infarction and among those without prior myo-
cardial infarction but with known multivessel coronary disease, as
well as among those with diabetes as compared to those with meta-
bolic syndrome only.

In subgroup analyses limited to 3591 trial participants taking statin
therapy at entry, we found similar overall effects for IL-6 and hsCRP.
As might be anticipated given that those not taking statins had higher
baseline LDLC levels, the effect across quartiles of LDLC was attenu-
ated in this subgroup analysis. However, the magnitude of this
attenuation was small and did not impact overall findings. For ex-
ample, the fully adjusted increase in risk for the endpoint of MACE-
plus per quartile of LDLC among those taking statins (33%, 95% ClI
18 —49) was similar to that observed in the total cohort (35%, 95% Cl
21-50).

Among those taking statin therapy, 17.8% had residual inflamma-
tory risk only (hsCRP>2mg/L, LDLC<70mg/dL), 25.6% had
residual cholesterol risk only (hsCRP<2mg/L, LDL>70mg/dL),

20.9% had both residual inflammation and residual hyperlipidaemia,
and 35.7% had neither residual hyperlipidaemia nor residual
inflammation.

As previously reported in the primary CIRT report,” low-dose
methotrexate had no effect on IL-6, hsCRP, or lipids during the trial
nor any effect on cardiovascular event rates. In analyses stratified by
randomized drug allocation, virtually identical relationships between
baseline IL-6, hsCRP, and LDLC and incident cardiovascular events
were observed in both treatment groups.

Discussion

In a contemporary cohort of 4168 North American atheroscler-
osis patients enrolled in the CIRT, we observed that LDL C, the
central inflammatory cytokine IL-6, and the downstream inflam-
matory biomarker hsCRP all continue to predict high cardiovas-
cular risk, despite aggressive contemporary care including statin
therapy, angiotensin inhibitors, beta-blockers, antithrombotic
therapy, and high rates of coronary revascularization. Moreover,
these contemporary data demonstrate that treated atheroscler-
osis patients who nonetheless have both residual cholesterol risk
and residual inflammatory risk have high event rates and thus, in
theory, might benefit from further interventions that address
hyperlipidaemia and inflammation, the key pathways that drive the
development and progression of atherosclerotic cardiovascular
disease. In contrast to recent data for canakinumab and colchicine,
random allocation in CIRT to low-dose methotrexate neither
lowered vascular event rates nor impacted on levels of IL-6,
hsCRP, or LDL C over time.
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Figure 2 Cumulative incidence of major adverse cardiovascular
events-plus among individuals with interleukin-6 and high-sensitivity
C-reactive protein levels above or below the study median (top);
among individuals with interleukin-6 and low-density lipoprotein
cholesterol above or below the study median (middle); and among
individuals with high-sensitivity C-reactive protein and low-density
lipoprotein cholesterol above or below the study median (bottom).

Beyond implications for clinical care, we believe these data have
potential importance for future treatment strategies for cardiovascu-
lar disease as well as the design of future clinical trials. The linear rela-
tionships of LDLC and inflammatory biomarkers with subsequent
cardiovascular risk observed here in a contemporary secondary pre-
vention cohort are almost identical in magnitude to those observed
in the original reports that compared hsCRP and IL-6 to LDLC using
data from primary prevention cohorts initiated >30years ago."™ In
those early cohorts, there was virtually no use of lipid-lowering drugs,
minimal use of other proven therapies such as angiotensin converting
enzyme inhibitors or angiotensin receptor blockers, and all patients
were free from revascularization procedures. By contrast, in the cur-
rent secondary prevention cohort, two-thirds had previously under-
gone coronary revascularization and the great majority was being
aggressively treated with moderate to high-intensity statins, angioten-
sin inhibitors, beta-blockers, and dual antithrombotic therapies. Yet,
despite this aggressive contemporary care, the relationships
observed between inflammation, lipids, and vascular risk are largely
unchanged on a relative scale in both men and women.

As such, these data support the emerging hypothesis that combin-
ation therapies that go beyond statins to include further reductions in
both LDLC and innate immune function may be effective for athero-
thrombosis. In recent trials of PCSK9 inhibition, aggressive lowering
of LDLC-reduced vascular risk by 15-20% without concomitant
effects on either IL-6 or hsCRP; indeed, following PCSK9 inhibition,
on-treatment hsCRP levels remain a powerful predictor of risk.2"*2
In parallel, in the recent CANTOS trial of canakinumab, aggressive
lowering of IL-6 and CRP without concomitant effects on LDLC also
lowered vascular risk by 15-20% , and on-treatment levels of LDLC
remain a powerful predictor of risk." "3

As lipids and inflammation adversely interact in multiple processes
related to plaque development and rupture, combination therapies
targeting both pathways might deliver clinical benefits that are more
than additive, and thus in theory could lower relative risks by 40% or
more.'® As suggested in the current data, such combination therapies
could be targeted to those with high levels of inflammation and
LDLC following statin therapy, a group with exceptionally high re-
sidual risk for cardiovascular events and all-cause mortality for whom
few novel approaches are available or in development. The best
method to formally test this hypothesis would be a 2 x 2 factorial
trial simultaneously addressing aggressive lipid lowering and inflam-
mation inhibiting therapies, the former targeting LDL production dir-
ectly and the latter targeting either IL-1, downstream IL-6, or the
upstream NLRP3 inflammasome.®'¢%* Such a trial would also help to
resolve ongoing controversies related to the interconnected nature
of LDLC and inflammation.”*

Our data also have potential implications for patient care.
Measurement of inflammatory biomarkers has been endorsed by
guideline groups in the U SA, but not in Europe. Yet, as shown here,
knowledge of residual inflammatory risk is relevant for prognosis as
well as treatment at all levels of LDLC, including after use of high-in-
tensity statins. Beyond pharmacologic interventions, diet, exercise,
and smoking cessation all lower vascular inflammation, and thus infor-
mation on inflammatory levels can be used to motivate lifestyle
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choices in high-risk individuals. The observation in these data that IL-
6 levels appear to be superior to hsCRP for the endpoint of all-cause
mortality requires external validation.

While our study evaluates in a contemporary prospective cohort
of atherosclerosis patients the association of baseline IL-6, CRP, and
LDLC and future vascular risk, it does so in the context of the CIRT
where participants had to additionally have either metabolic syn-
drome or Type 2 diabetes. Further, all study participants were from
North America. Thus, generalizability outside North America and to
those without insulin resistance may be limited. An additional limita-
tion of our analysis is that systematic evaluation of left ventricular
ejection fraction, N-terminal pro-b-type natriuretic peptide, and
high-sensitivity troponin are not available.

In sum, despite aggressive contemporary secondary prevention
efforts, the relationships between inflammation, cholesterol, and car-
diovascular risk are largely unchanged from those described two dec-
ades ago. Thus, in addition to clinical issues related to diagnosis and
prognosis in the setting of secondary prevention, these contempor-

ary data and those from other recent studies*>*®

raise the hypothesis
that current aggressive therapies for atherosclerosis may be insuffi-
cient to address the dual pathways that drive cardiovascular disease
progression and residual risk. At the same time, these data, taken in
the context of recent successful lipid-lowering and inflammation
inhibiting trials, provide optimism that future combination therapies

exploiting both pathways could improve patient care.

Supplementary material
Supplementary material is available at European Heart Journal online.
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