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What is translational research?
How does an integrated health care system
support it?
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Inflammation, Atherothrombosis, and Vascular Prevention:
Three Translational Questions

Is there evidence that individuals with elevated levels of
iInflammatory biomarkers are at high vascular risk even
when other risk factors are acceptable? 1995-2002

Is there evidence that individuals identified at increased
risk due to inflammation benefit from a therapy they
otherwise would not have received? 2002-2008

Is there evidence that reducing inflammation per se will
reduce vascular events? 2009 -






IL-6 and Risk of Future MI in Apparently Healthy Men
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hsCRP and Risk of Future MI and CVA In
Apparently Healthy Men
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hsCRP and Risks of Future MI:
Analysis Stratified by Year of Follow-Up
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hsCRP, Aspirin, and Risks of Future Myocardial Infarction
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Event-Free Survival According to Baseline Quintiles of
hs-CRP and LDL Cholesterol

Quintiles of hsCRP Quintiles of LDL
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Markers of Inflammation in the Prediction
of Cardiovascular Disease in Women
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Markers of Inflammation in the Prediction
of Cardiovascular Disease in Women
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CRP, IL-6 and the Risk for Developing
Type-2 Diabetes in the Women’s Health Study
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Linear Relationship of Inflammation to Vascular Risk Across a
Very Wide Range of Values

Relative Risk of Future CV Events
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Meta-analysis of 54 Prospective Cohort Studies
hsCRP concentration and risk of cardiovascular events : 2010
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Direct Comparison of Lipid Markers and hsCRP in 166,596 Individuals Followed
For First-Onset Cardiovascular Disease (ERFC NEJM 2012;367:1310-1320)
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Multivariable Hazard Ratio for CVD per 1-SD change
(adjusted for Age, Gender, Smoking, DM, BP, and HDL)
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Wilson P, et al Circ Cardiovasc Qual Outcomes 2008;1:92-97



www.reynoldsriskscore.org

Reynolds
Risk
Score

Age
Smoking
SBP
TC
HDLC
hsCRP

Fal I “Iy As shown in the graph below, at Age 68, your chance of having a heart attack, stroke, or other
heart ease event at some point in the next 10-years is 29 percent. This risk is

3 times higher than that of a Man the same age who has optimal levels of all
able risk factors.
HbAlC current Age Age 78 = |
Your 10-year risk (age 68)
h CRP /L Your 10-year risk (age 68) if,
S (I I lg ) * wour blood pressure was 120 23 %0
IS not = wour cholesterol was 160 18%0

= wour hsCRP was 0.5 24%%

CRP (mg/dL) + all the above were optimal 11%

The graph abowve also compares your risk to that of a Man of age 68 who has optimal levels for all
modifiable risk factors, and shows what your risk would be if you improved your individual risk factors.
For young Man , risk may appear to be low over the next 10-years, yet can be very h h over a lifetime.

Thus, to see what your risk would be as you get alder if your risk factors remain the same, click on
buttons abowve.




“The Reynolds Risk Score was better calibrated than the Framingham model in
this large external validation cohort. The Reynolds score also showed improved

discrimination overall in black and white women. Large differences in risk
estimates exist between models, with clinical implications for statin therapy.”

Cook NR et al, Circulation 2012:125:1748-1756



55 year old executive

Chief complaint

Stress and anxiety

No prior CV history
Non-smoker, no diabetes
Close associate recurrent Ml
“elevated CRP”

TC 170
HDL 42
LDL 112
TG 80
hs-CRP 0.6
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Doctors Who Examine Bush Say He Is Exceptionally Fit

By LAWRENCE K. ALTMAN

WASHINGTON, Aug. 6 — Presi-
dent Bush’s second annual medical
checkup since he took office found
him in “extraordinary health,” his
doctors said today, with his heart
and lung function in the top 1 percent
for men of his age, up from the top 2
percent a year ago.

The three-hour battery of tests
that Mr. Bush, 56, underwent this
morning show that he has no evi-
dence of heart disease and a “‘very
low"” risk for a heart attack, the
doctors said. They predicted that he
would remain in excellent health for
the rest of his term.

As Mr. Bush returned to the White
House from the National Naval Med-
ical Center in nearby Bethesda, Md.,
where the checkup was performed,

An annual physical
shows the president
to be in better shape
than last year.

he said he was “‘feeling good."” Later,
Mr. Bush flew to his ranch in Texas
for a monthiong working vacation.

In a five-page detailed statement
released by the White House, the
team of eight military and civilian
doctors and health specialists who
examined the president said that Mr,
Bush had not missed work due to
illness in the White House and that he
had not had a recurrence of the faint-
ing episode he suffered in January
when a pretzel stuck in his throat.

Mr. Bush fell off a sofa and cut his
face in the fainting incident, which
the White House said occurred while
he was watching television,

Mr. Bush smokes an occasional
cigar, abstains from alcohol and
drinks diet sodas and coffee, the doc-
tors said. Mr. Bush, who stands six
feet tall, weighed 189 pounds, three-
quarters of a pound less than at the
checkup in August 2001. His body fat
remained unchanged at 14.5 percent
and down from 1994 percent re-
corded in a checkup in June 2000.

He takes vitamins and an aspirin

NYT August 6, 2002

daily. Mr. Bush does not routinely
use prescription medications except
for a steroid nasal spray to prevent
symptoms in altergy seasons.

The only abnormalities noted in-
volved his hearing, skin and eyes.

Mr. Bush has a high frequency
hearing loss in both ears from 4,000
to 8,000 kilohertz that is unchanged
from last year’s examination. Mr.
Bush’s hearing is excellent in the
frequencies for speech, the doctors
said. They also said that the degree
and frequency involved do not affect
normal conversation.

The doctors said that the small
harmless red blotches that appear on
Mr. Bush’s nose are due to widened
capillaries resulting from sun expo-
sure. No treatment was given today,
but they said that it may be needed in
the future for the condition, known as
telangiectasias. It is commeon.

In the last year, four small benign
skin growths were removed from
Mr. Bush’s face.

Mr. Bush occasionally uses read-
ing glasses.

Mr. Bush is a fitness enthusiast,
and his heart rate of 44 beats a
minute and blood pressure of 106/70
reflected his training routine. He
typically runs three miles four times
a week, with average times from
6:45 minutes to 7:15 minutes a mile.
He also routinely cross-trains with
free weights for 45 minutes twice a
week and an eliptical trainer.

In an exercise treadmill test dur-
ing the checkup, Mr. Bush ran for
27:03 minutes with a maximum
heart rate of 169, or 97 percent of
predicted heart rate, compared to 26
minutes last year.

An echocardiogram, or ultrasound
test of the heart, was normal.

Blood tests showed that Mr. Bush’s
total cholesterol was in the ‘‘desir-
able” level, at 177. His high density
lipoprotein (HDL) was normal at 49.
His low density lipoprotein (LDL)
was in the “desirable/near optimal”
level of 114, and the ratio of the total
cholesterol to HDL was optimal at
3.6, the doctors said.

Additional tests for pgtential heart
disease were alsgge#fhal. They in-
cluded trig 9) and homo-

: or C-reactive

disease were also normal. They in-
cluded triglycerides (69) and homo-
cysteine (7.1). A test for C-reactive
protein was 0.6, putting him in the

lowest risk category.




Inflammation, Atherothrombosis, and Vascular Prevention:

Three Translational Questions

Is there evidence that individuals with elevated levels of
iInflammatory biomarkers are at high vascular risk even
when other risk factors are acceptable? 1995-2002

Is there evidence that individuals identified at increased
risk due to inflammation benefit from a therapy they
otherwise would not have received? 2002-2008

Is there evidence that reducing inflammation per se will
reduce vascular events? 2009 -

28



Relative Risk

Inflammation, Statin Therapy, and hsCRP: Initial Observations
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Clinical Relevance of Achieved LDL and Achieved CRP
After ACS Treated with Statin Therapy
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Clinical Relevance of Achieved LDL and Achieved CRP

Recurrent Myocardial Infarction or Coronary Death
(percent)

After ACS Treatmed with Statin Therapy

(@)

= - j-LDL>_ 70 mg/dL, CRP > 2 mg/L

o f,"’-

o

° DL > 70 mg/dL, CRP < 2 mg/L
DL < 70 mg/dL, CRP >_ 2 mg/L

3.

o

<t

o |

o

S | “dual targets for statin therapy”

(@)

o

i

)

| | | | | |

0.0 0.5 1.0 1.5 2.0 2.5
FO||0W-Up (Years) Ridker et al NEJM 2005;352:20-28.



Primary Prevention : Whom Should We Treat ?
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hsCRP as a Method to Target Statin Therapy In
Primary Prevention: AFCAPS/TexCAPS

Study Group

low LDLC /low CRP
low LDLC / high CRP
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high LDLC / high CRP
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0.029
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0.038
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NNT
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33
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Ridker et al N Engl J Med 2001;344:1959-65
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JUPITER Ridker et al NEJM 2008:359:2195-2207

Trial Design

JUPITER
Multi-National Randomized Double Blind Placebo Controlled Trial of
Rosuvastatin in the Prevention of Cardiovascular Events
Among Individuals With Low LDL and Elevated hsCRP

: Mi
Rosuvastatin 20 mg (N= 890
No Prior. CVD or. DM g ( Stroke
Men 50 \Women 60 } Unstable
LDL < 130 mg/dL |G, Placebo (N= 8901 CVADngDi“ah
hsCRP > 2 mg/L CABGII:Ta(t:A

Argentina, Belgium, Brazil, Bulgaria, Canada, Chile, Colombia, Costa Rica,
Denmark, ElI Salvador, Estonia, Germany, Israel, Mexico, Netherlands,
Norway, Panama, Poland, Romania, Russia, South Africa, Switzerland,

United Kingdom, Uruguay, United States, Venezuela

Mean LDLC 104 mg/dL, Mean HDLC 50 mg/dL, hsCRP 4 mg/L
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JUPITER Ridker et al NEJM 2008:;359:2195-2207

Primary Trial Endpoint . MI, Stroke, UA/Revascularization, CV Death

HR 0.56, 95% CI 0.46-0.69 Placebo 251 / 8901
§f P < 0.00001

Number Needed to Treat (NNT;) = 25

- 44 %

Cumulative Incidence
0.04
\

Rosuvastatin 142 / 8901

| | | |
0 1 2 3 4

0.00

Number at Risk Follow-up (years)

Rosuvastatin 8,901 8,631 8,412 6,540 3,893 1,958 1,353 983 544 157
Placebo 8,901 8,621 8,353 6,508 3,872 1,963 1,333 955 534 174



JUPITER Ridker et al NEJM 2008:;359:2195-2207

Fatal or Nonfatal Myocardial Infarction

HR 0.45, 95%Cl 0.30-0.70
P < 0.0002
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JUPITER Ridker et al NEJM 2008:;359:2195-2207

Fatal or Nonfatal Stroke
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JUPITER Ridker et al NEJM 2008;359:2195-2207

Arterial Revascularization / Unstable Angina

. HR 0.53, 95%CI 0.40-0.70
S P <0.00001
Placebo (N = 143)

- 47 %

Cumulative Incidence
0.03
\

Rosuvastatin (N = 76)

\
0 1 2 3 4

Number at Risk Follow-up (years)

Rosuvastatin 8,901 8,640 8,426 6,550 3,905 1,966 1,359 989 547 158
Placebo 8,901 8,641 8,390 6,542 3,895 1,977 1,346 963 538 176



JUPITER NEJM 2008;359:2195-2207

Secondary Endpoint — All Cause Mortality
HR 0.80, 95%CI 0.67-0.97

P=0.02
S - Placebo 247 / 8901
8 -20%
é S Rosuvastatin 198 / 8901
£
3

| |
0 1 2 3 4

Number at Risk Follow-up (years)
Rosuvastatin 8,901 8,847 8,787 6,999 4,312 2,268 1,602 1,192 683 227

Placebo 8,901 8,852 8,775 6,987 4,319 2,295 1,614 1,196 684 246



JUPITER Ridker et al NEJM 2008;359:2195-2207

Primary Endpoint — Understudied or “Low Risk” Subgroups

Understudied Subgroups N HR (95%Cl)
Women i 6,801  0.54(0.37-0.80)
Age > 70 il 5,695 0.61 (0.46-0.82)
Black, Hispanic, Other 1 . 5,117 0.63(0.41-0.98)

“Low Risk” Subgroups
Framingham Risk <10 % J 8,882 0.56 (0.38-0.83)
BMI < 25 mg/m2 l 4,073 0.59 (0.40-0.87)
No Hypertension J . 7,586 0.62 (0.44-0.87)
No metabolic Syndrome il 10,296 0.49 (0.37-0.65)
All Participants + 17,802 0.56 (0.46-0.69)
| | : | |
0.25 0.5 1.0 2.0 4.0
Rosuvastatin Superior Rosuvastatin Inferior
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JUPITER

Adverse Events and Measured Safety Parameters

Event Rosuvastatin Placebo P
Any SAE 1,352 (15.2) 1,337 (15.5) 0.60
Muscle weakness 1,421 (16.0) 1,375 (15.4) 0.34
Myopathy 10 (0.1) 9 (0.1) 0.82
Rhabdomyolysis 1 (0.01)* 0 (0.0) --

Incident Cancer 298 (3.4) 314 (3.5) 0.51
Cancer Deaths 35 (0.4) 58 (0.7) 0.02
Hemorrhagic stroke 6 (0.1) 9 (0.1) 0.44
GFR (mimin/1.73m?at 12mth) ~ 66.8 (59.1-76.5) 66.6 (58.8-76.2) 0.02
ALT > 3xULN 23 (0.3) 17 (0.2) 0.34
Fasting glucose (24 mth) 98 (91-107) 98 (90-106) 0.12
HbAlcC (% at 24 mth) 5.9 (5.7-6.1) 5.8 (5.6-6.1) 0.01
Glucosuria (12 mth) 36 (0.5) 32 (0.4) 0.64
Incident Diabetes** 270 (3.0) 216 (2.4) 0.01

*Occurred after trial completion, trauma induced.
**Physician reported

All values are median (interquartile range) or N (%)



JUPITER

Statins and the Development of Diabetes

WOSCOPS Pravastatin
(Hypothesis Generating Trial)

PROSPER Pravastatin
LIPID Pravastatin
HPS Simvastatin

ASCOT-LLA Atorvastatin

PROVE-IT Atorvastatin
VS
Pravastatin

CORONA Rosuvastatin

JUPITER Rosuvastatin

(Hypothesis Testing Trials)

HR _(95% CI)
L 0.70 (0.50-0.98)
-~ 1.34 (1.06-1.68)
m 0.91 (0.72-1.18)
T 1.20 (0.98-1.35)
- 1.20 (0.91-1.44)
= 1.11 (0.67-1.83)
0 1.13 (0.86-1.50)
. 1.25 (1.05-1.54)
¢ 1.12 (1.04-1.30)

0.25

0.5
Statin Better

1.0 2
Statin Worse



Ridker et al Lancet 2012:380:
JUPITER |

Incident Diabetes Limited to Those With Impaired Fasting Glucose
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JUP|TER Ridker et al Lancet 2012

Statin Highly Effective in All Patients — Primary Endpoint

Impaired Fasting Glucose Normal Fasting Glucose
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Cardiovascular Benefits and Diabetes Risks of Statin
Therapy in Primary Prevention: The JUPITER Trial

In absolute terms for those without a major diabetes risk
factor, 86 vascular events or death were avoided by
statin therapy with no excess cases of diabetes
diagnosed.

In absolute terms for those with a major diabetes risk
factor, 134 vascular events or deaths were avoided by
statin therapy for every 54 new cases of diabetes
diagnosed.

Statin therapy increased the time to diagnosis of
diabetes by 5.4 weeks.

Conclusion: In primary prevention, the cardiovascular
and mortality benefits of statin therapy exceed the
diabetes hazard, including among individuals at high risk
for developing diabetes. Long-term microvascular effects
unknown.




2010 ACC/AHA Guidelines for Assessment of
Cardiovascular Risk in Asymptomatic Adults

“The Initial step in risk assessment in individual patients
Involves the ascertainment of a global risk score
(Framingham, Reynolds, etc) and the elucidation of a
family history of atherosclerotic CVD. These Class |
recommendations which are simple and inexpensive
determine subsequent strategies to be undertaken”

Reynolds = Framingham + hsCRP + family history

JACC November 16, 2010
CR-46



2009 Canadian Cardiovascular Society (CCS)
Guidelines for the Diagnosis and Treatment of Dyslipidemia
and Prevention of Cardiovascular Disease in the Adult

Primary Goal : LDLC

High CAD, CVA, PVD <2mmol/L or 50% reduction Class |
Most pts with Diabetes Level A
FRS > 20 %
RRS > 20 %

Moderate FRS 10-19 % <2mmol/L or 50 % reduction Class lIA
RRS 10-19 % Level A

LDL > 3.5 mmol/L

TC/HDLC > 5.0

hsCRP > 2in
men >50 yr
women > 60 yr

Low FRS <10 % <5mmol/L Class IIA
Level A

Secondary Targets : TC/HDLC <4, non HDLC < 3.5 mol/L,
hsCRP <2 mg/L, TG < 1.7 mol/L, ApoB/A<0.8

CR-47



Guidelines : Statin Therapy in Primary Prevention
What works and in whom?

Benefit WOSCOPS
Untested HR 0.70 (0.57-0.84)
Low LDL MEGA

HR 0.67 (0.49-0.91)
(pravastatin)

Low hsCRP
High HDL

Algn Insei AFCAPS/TexCAPS

HR 0.63 (0.50-0.79)
(lovastatin)

JUPITER
HR 0.56 (0.46-0.69)

(rosuvastatin)

Circ Cardiovasc Qual Outcomes 2012;5:592-3
Eur Heart J 2013;34:1258-61



JUPITER

Consistent Effects in All Geographic Regions, All Pre-Specified Subgroups

\
USA 4021 l
Canada 2020 l
European Union 6023 = I
Total 17802 —I—
0.25 0.5 i 1.0 2.0

Rosuvastatin Superior Rosuvastatin Inferior



567 References - No mention of the JUPITER trial, No Change in Practice,
No recognition by EMA




Inflammation, Atherothrombosis, and Vascular Prevention:

Three Translational Questions

Is there evidence that individuals with elevated levels of
iInflammatory biomarkers are at high vascular risk even
when other risk factors are acceptable? 1995-2002

Is there evidence that individuals identified at increased
risk due to inflammation benefit from a therapy they
otherwise would not have received? 2002-2008

Is there evidence that reducing inflammation per se will
reduce vascular events? 2009 -

51



JUPITER

Achieved LDLC, Achieved hsCRP, or Both?

LDL (mg/dL)

hsCRP (mg/L)

LDL decrease 50 percent at 12 months

hsCRP decrease 37 percent at 12 months

0 12 24 36 48
Months

The Real Controversy:

Is the large benefit
observed in the
JUPITER trial due to
lipid lowering, to
Inflammation inhibition,
or to a combination of
these two processes?
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Inflammation and Thrombosis

Resting
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Pro-inflammatory
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Venous Endothelium- transmission electron
micrograph



JUPITER Glynn et al NEJM 2010

Total Venous Thromboembolism

HR 0.57, 95%Cl 0.37-0.86
P=0.007

0.025

(@]
3 Placebo 60 / 8901
(D]
(@)
c
@) 9
© o
2 =
<
" - 43 %
= S
8 2
-]
&
O
§ Rosuvastatin 34 / 8901

0.000

0 1 2 3 4

Number at Risk Follow-up (years)

Rosuvastatin 8,901 8,648 8,447 6,575 3,927 1,986 1,376 1,003 548 161
Placebo 8,901 8,652 8,417 6,574 3,943 2,012 1,381 993 556 182
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JUP|TER Ridker et al, Am J Card 2010;106:206-9

Absolute Risk Reduction Increases With Increasing Levels of hsCRP

Baseline hsCRP N
A >l0mgL 2,503 —— ®
>9 mg/L 3,071 —.— o
>8 mg/L 3,839 —.— ®
>7 mg/L 4,723 -.— o
>6 mg/L 5,897 -.- o
>5 mg/L 7,425 -.- ®
>4 mg/L 9,726 -i- o
>3 mg/L 12,939 . ®
>2 mg/L 17,802 - ()
0.20 0..5 1.0 20 10 2.0 3.0 4.0 5.0
Better Worse Placebo Event Rate

CR-56



JUPITER Ridker et al Lancet 2009:373:1175-82

LDL reduction, hsCRP reduction, or both?

N Rate
Placebo 7832 1.11
LDL>70mg/dL,hsCRP>2 mg/L 1384 1.11
LDL<70mg/dL,hsCRP>2 mg/L 2921 0.62 —B—
LDL>70mg/dL,hsCRP<2 mg/L 726  0.54 - P <0.001
LDL<70mg/dL,hsCRP<2 mg/L 2685 0.38 B
Placebo 7832 1.11 e
LDL>70mg/dL,hsCRP>1 mg/L 1874 0.95 |
LDL<70mg/dL,hsCRP>1 mg/L 4662 0.56 —ill— P < 0.001
LDL>70mg/dL,hsCRP<1 mg/L 236 0.64 - '
LDL<70mg/dL,hsCRP<1 mg/L 944 0.24 B
0.25 0.5 1.0 2.0 4.0
: : Rosuvastatin Rosuvastatin
Full Adjusted Hazard Ratio Better Worse

0.21, 95% CI 0.09-0.52, P < 0.0001
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JUPITER

LDL reduction, hsCRP reduction, or both?

JUPITER GWAS:

0

The genetic determinants of
rosuvastatin-induced LDL-C
reduction do not predict
rosuvastatin-induced CRP
reduction

Absolute change in LDL-C (mg/dL)
-80 -60 -40 -20

The genetic determinants of
rousvastatin-induced CRP

<3 4 5

reduction do not predict @) e @9 @) @) @9
rosuvaStatln-lnduced LDL-C Number of LDL-C lowering alleles

(N participants)

reduction

Chasman et al, 2012 Circulation Cardiovascular Genetics
Chu et al, 2012 Circulation Cardiovascular Genetics



Meta-analysis of 54 Prospective Cohort Studies:
The magnitude of independent risk associated with inflammation is
at least as large, if not larger, than that of BP and cholesterol

Risk Ratio (95%Cl)
hsCRP H 1.37 (1.27-1.48)
Systolic BP u 1.35 (1.25-1.45)
Total cholesterol B 1.16 (1.06-1.28)
Non-HDLC - 1.28 (1.16-1.40)

0.5 1.0 1.2 1.4 1.8

Risk Ratio (95%CI) per 1-SD higher usual values

Adjusted for age, gender, smoking, diabetes, BMI, triglycerides, alcohol, lipid levels, and hsCRP

Emerging Risk Factor Collaborators, Lancet January 2010 CR-59



Can Targeted Anti-Inflammatory
Therapy Reduce Cardiovascular
Event Rates and Prolong Life?

60



Testing the Inflammatory Hypothesis of Atherothrombosis:
Do we attack the biomarker or attack the process?




Cardiovascular Inflammation Reduction Trial (CIRT)

Stable CAD (post MlI)
On Statin, ACE/ARB, BB, ASA

1

I Persistent Evidence of Inflammation I € How to define?

—

Wha: _______ > Anti-Inflammatory Placebo
agen Intervention
to study?

Nonfatal M1, Nonfatal Stroke, Cardiovascular Death, Incident T2DM

Ridker PM. Thromb Haemost 2009



Issues Iin the Selection of Anti-inflammatory Agents for
Trials of Cardiovascular Inflammation Inhibition

Statins _ TNF '_'—'_6_
inhibition Inhibition

TC H t
LDL U

HDL

Chylo
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Issues Iin the Selection of Anti-inflammatory Agents for

Trials of Cardiovascular Inflammation Inhibition

sans e ke low |
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Cohort

Wichita
Choi 2002

Netherlands
van Helm 2006

Miami VA
Pradanovich 2005

CORRONA
Solomon 2008

QUEST-RA

Narango 2008

UK Norfolk
2008

LDM and CVD: Observational Evidence

Group

RA

RA, PsA

HR"™ (95 % CI) Endpoint

0.4 (0.2 -0.8) Total Mortality
0.3 (0.2-0.7) CV Mortality
0.4 (0.3 -0.8) CV Mortality
0.3 (0.1-0.7) CVD

0.2 (0.1-0.5) CVD

0.2 (0.1-1.2) CVD

0.2 (0.1 -0.5) CVD

PsA 0.7 (0.6 -0.9) CVD
0.5 (0.3-0.8) CVD

0.8 (0.7-1.0) CVD

0.6 (0.5-0.8) CVD

0.6 (0.3-1.2) CVD

0.4 (0.2-0.8) CVD

0.85 (0.8 -0.9) CVD

0.82 (0.7 - 0.9) MI

0.89 (0.8 - 1.0) Stroke

0.6
0.5

(0.4 — 1.0)
(0.3 —1.1)

Total Mortality
CV Mortality

Exposure

LDM
LDM
LDM < 15 mg/wk

LDM only

LDM + SSZ

LDM + HCQ

LDM + SSZ + HCQ

LDM
LDM < 15 mg/wk
LDM
LDM < 15 mg/wk
LDM

TNF-inhibitor

LDM
LDM
LDM

LDM
LDM



Methotrexate Inhibits Atherogenesis in Cholesterol-fed Rabbits

H&E

Anti-VSMC

Anti-rabbit
macrophage

Anti-rabbit
MMP-9

MTX Control MTX Control

Bulgarelli et al, J Cardiovasc Pharmacol 2012;59:308-14



Cardiovascular Inflammation Reduction Trial (CIRT)

Primary Aims

Stable CAD (post MlI)
On Statin, ACE/ARB, BB, ASA

y

Persistent Evidence of Inflammation
Diabetes or Metabolic Syndrome

—

MTX 15-20 mg‘ ‘ Placebo ‘

Weekly

Nonfatal MI, Nonfatal Stroke,
Cardiovascular Death

To directly test the
inflammatory hypothesis of
atherothrombosis

To evaluate in a randomized,
double-blind, placebo-
controlled trial whether MTX
given at a target dose of 20
mg po weekly over a three
year period will reduce rates
of recurrent myocardial
infarction, stroke, or
cardiovascular death among
patients with a prior history of
myocardial infarction and
either type 2 diabetes or
metabolic syndrome.

N =7,000 NHLBI-Sponsored
Enrollment to Start March 2013
350 US and Canadian Sites




Cardiovascular Inflammation Reduction Trial (CIRT)
Forms, Updates, and More Information — theCIRT.org website




Issues Iin the Selection of Anti-inflammatory Agents for

Trials of Cardiovascular Inflammation Inhibition

Statins

TNF

IL-6

LDM

IL-1B

C W t t = =
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The Balance of IL-1 and IL-1Ra :
Key Regulatory Proteins for Innate Immunity

Pro-Inflammatory Anti-Inflammatory
IL-1o
IL-1f3 IL-1Ra

A

IL-1R



IL-1: Potential Roles in Atherogenesis and
Methods of Inhibition

IL-1 type Il IL-1r/IL-1r accessory protein
Decoy Receptor IL-1 trap
»
) A
’ \
e s = >
IL-1o,p < » IL-1type 1

t
|
|
|

.- 7 Receptor
/
I

I

Anti IL-1 antibody
Canakinumab

IL-1 Receptor
Antagonist
Endogenous
Exogenous Anakinra

<

Adapted from Fearon W, Fearon D. Circulation 2008;117:2577-9

INOS

Endothelin-1
Chemokines/cytokines
Adhesion molecules

Endothelial & Smooth
Muscle Proliferation

Macrophage Activation
Endothelial Dysfunction

Athero-progression



Application of IL-13 promotes arterial intimal thickening in
porcine coronary artery

Lack of IL-1p decreases severity of atherosclerosis in ApoE-
deficient mice

<

ApoE KO, IL-13 KO

Kirii et al. (2003) Arterioscler Thromb Vasc Biol 23:656




NLRP3 Cryopyrin Inflammasome, Caspase-1, and IL-1B Maturation
Endogenous Danger Signals in Vascular Biology?

Drenth JPH, et al, NEJM 2006, 355:730-732
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Genetic Determinants of Plasma CRP Level

I
ASCL1 | RGE6
PPP1R3B -

BCL7B’

—logigPvalue

®
chromosome

Dehgman et al, Circulation 2011;123:731-8




Phase transition from soluble to crystalline as an endogenous “danger signal”




Courtesy Eicke Latz Phase transition from soluble to crystalline as a “danger signal”






Cholesterol crystals activate the caspase-1-activating NLRP3
Inflammasome to generate IL-1p and initiate atherosclerosis

Innate immune cell

Phagolysosome
Lysosoy

ASC
Phagosome l,

Endogenous
Danger

Vascular inflammation fhsCRP <

Duewell et al, Nature (2010) 464:1357-62



Courtesy, George S. Abela, MD.



IL-6 and Risk of Future MI in Apparently Healthy Men

\ 4

A

P Trend = 0.001

3 _
P=0.003 P=0.01

Relative Risk of Ml

1 2 3 4
<1.04 1.04-1.46 1.47-2.28 >2.28

Quartile of IL-6 (range, pg/dL)

Ridker et al, Circulation 2000;101:1767-1772



IL6R Consortium and Emerging Risk Factors Collaboration, The Lancet 2012



Canakinumab (llaris, Novartis)

e high-affinity human monoclonal anti-human
Interleukin-1p (IL-1B) antibody currently
Indicated for the treatment of IL-1B driven
Inflammatory diseases (Cryopyrin-Associated
Period Syndrome [CAPS], Muckle-Wells
Syndrome)

* designed to bind to human IL-18 and
functionally neutralize the bioactivity of this
pro-inflammatory cytokine

* long half-life (4-8 weeks) with CRP and IL-6
reduction for up to 3 months

82



Median Reduction (%)

0 ]

-10-

-20°

-30-

-40

-50-

-60-

-70-

Canakinumab Dose (mg/month)
05 15 50

100 150

AN
\

| )

Fibrinogen

T~

> -64.6 %

Interleukin-6

C-reactive Protein j

Ridker PM, et al; Circulation 2012; 126:2739-2748



Canakinumab Anti-inflammatory Thrombosis Outcomes Study
(CANTOS) (Ridker PI)

Stable CAD (post MI) _
On Statin, ACE/ARB, BB, ASA NN 17’500
Persistent Elevation ovartis
of hsCRP (>_ 2 mg/L) (>6000 currently)
Randomized Randomized Randomized candomized
Canakinumab 50 mg Canakinumab 150 mg Canakinumab 300 mg Placebo
SC g 3 months SC g 3 months SC g 3 months SC q 3 months

I Primary Endpoint: Nonfatal MI, Nonfatal Stroke, Cardiovascular Death I

I Secondary Endpoints: Total Mortality, New Onset Diabetes, Other Vascular Events I

I Exploratory Endpoints: DVT/PE; SVT; hospitalizations for CHF; PCI/CABG; biomarkers I
84
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Trying a New Line of Attack in Heart Disease
Two Major Clinical Trials Test If Treating Inflammation Can Cut the Risk of a Heart Attack or Stroke

By RoNn WINSLOW

Two major clinical trials are testing
for the first time whether treating
inflammation can reduce the risk of a
heart attack or stroke, potentially open-
ing up a new line of attack in the battle
against cardiovascular disease.

Until now, strategies to fight these
killers have focused largely on well-
known risk factors such as high blood

process with anti-inflammatory drugs
isn't known,

"This goes beyond simply asking, is
inflammation a marker of risk (for car-
diovascular disease) to asking if it's a
target for therapy,” said Paul M. Ridker,
director of the center for cardiovascular-
disease prevention at Harvard-affiliated
Brigham and Women's Hospital in Bos-
ton, who is leading both trials.

These are especially high-risk
patients for whom current optimal treat-
ment often fails. "We've kind of run out
of our tool kit for these individuals and
yet theyre still having events,” said
Gary Gibbons, director of the NIH's
National Heart, Lung and Blood Insti-
tute, which officially funded the study.

The Novartis trial, which is testing
the company's anti-inflammatory
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disease prevention at Harvard-affiliated
Brigham and Women's Hospital in Bos-
ton, who is leading both trials.

These are especially high-risk
patients for whom current optimal treat-
ment often fails. "We've kind of run out
of our tool kit for these individuals and
yet theyre still having events,” said
Gary Gibbons, director of the NIH's
National Heart, Lung and Blood Insti-
tute, which officially funded the study.

The Novartis trial, which is testing
the company's anti-inflammatory
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neutralizes IL-1f, to reduce CVD in high-risk patients with

the hypothesis that inhibition of inflammation will be an
important new strategy to reduce the burden of CVD”

“We await with great interest the outcome of an ongoing trial of
the ability of canakinumab, a human monoclonal antibody that

existing CVD. This placebo controlled study will be a key test of
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NIH launches trial to evaluate anti-inflammatory treatment for preventing heart attacks,

strokes, and cardiovascular death

The National Heart, Lung, and Blood Institute (NHLBI), a part of the National Institutes of
Health, has launched an international multi-site trial to determine whether a common anti-
inflammatory drug can reduce heart attacks, strokes, and deaths due to cardiovascular disease in

people at high risk for them.




Probiotics, Inflammation, Weight Loss, and Vascular Risk

HEALTH BENEFITS

Anti-Carcinogenic
Balances Digestion & Hypersensitivity
Strengthens Immune System
Prevents Colon Cancer
Lowers Cholesterol
Lowers Blood Pressure
Improves Mineral Absorption.
Rgd#?lnflammation
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What is translational research?
How does an integrated health care system
support it?

‘llllllllllllll»

Bedside Population

Affiliated

Netw ork

Hospitals
Clinics

‘llllllllllllll»

11, T2, 13



Tillett and Francis
J Exp Med 1930

3" serologic fraction
“fraction C”
isolated
from patients
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“C-reactive protein”



Maclyn McCarty
J Exp Med 1947;85:491-8

Crystallization of CRP

Maclyn McCarty
Oswald Avery, Colin MacLeod
“The Transforming Principle”

Genes are made of DNA
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Inflammation, Atherothrombosis, and Vascular Prevention:
Three Crucial Questions

Is there evidence that individuals with elevated levels of
iInflammatory biomarkers are at high vascular risk even
when other risk factors are acceptable? Yes

Is there evidence that individuals identified at increased
risk due to inflammation benefit from a therapy they
otherwise would not have received? Yes

Is there evidence that reducing inflammation per se will
reduce vascular events and slow progression of
diabetes? CIRT, CANTOS - Lets find out
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For More Information : (855) 437-9330
theCIRT.org theCANTOS.org
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