Wat is de rol van inflammatie
bij (residueel) cardiovasculair risico?
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The elephant in the room

Diabetes around the world | 2021

e 1in 10 adults has diabetes
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So can we close this gap?

Rawshani et al NEJM 2017



nere in d

ow much (inflammatory) residual risk is

A Excess Mortality in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)

Control |
=80 yr Reference
=65 to <80 yr Reference
=55 to <65 yr Reference

<55 yr & Reference

No risk factors !
>80 yr 0.9 (0.84-1.17)
=65 to <80 yr 1.01 (0.92-1.12)

=55 to <65 yr [ 1.15 (1.00-1.34)

<55yr 1.29 (0.94-1.77)
1 Risk factor

>80 yr L 3 0.94 (0.88-1.00)

=65 to <80 yr * 1.05 (1.02-1.09)

=55 to <65 yr g 1.23 (1.16-1.31)

<55 yr -0 1.56 (1.34-1.81)
2 Risk factors i

>80 yr & 0.99 (0.94-1.04)

265 to <80 yr & 1.17 (1.13-1.20)

=55 to <65 yr 1.32 (1.27-1.38)

<55yr 1.68 (1.56-1.80)
3 Risk factors

=80 yr 1.13 (1.06-1.21)

=65 to <80 yr
=55 to <65 yr

1.46 (1.42-1.50)
1.63 (1.55-1.71)

<55 yr 2.21 (2.05-2.37)
4 Risk factors
80 yr 1.47 (1.28-1.70)

=65 to <80 yr
=55 to <65 yr

2.10 (1.96-2.26)
2.53 (2.37-2.70)

<55yr b4 2.80 (2.51-3.13)
5 Risk factors
=80 yr & 1.39 (0.51-3.80)

=65 to <80 yr
=55 to <65 yr
<55yr

3.10 (2.53-3.80)
3.88 (3.07-4.92)
4.99 (3.43-7.27)
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iab 7
abetes:
B Excess Acute Myocardial Infarction in Relation to Range of
Risk-Factor Control Hazard Ratio (95% Cl)
Control :
=80 yr k3 Reference
=65 to <80 yr L 2 Reference
=55 to <65 yr : Reference
<55 yr @ Reference
No risk factors '
=80 yr —— 0.72 (0.49-1.07)
265 to <80 yr ' 0.80 (0.69-0.93)
=55 to <65 yr } 0.93 (0.73-1.18)
<55 yr ¢ 0.91 (0.62-1.35)
1 Risk factor !
=80 yr 4 1.05 (0.93-1.19)
=65 to <80 yr : 2 1.05 (0.97-1.14)
255 to <65 yr ) 1.14 (1.04-1.25)
<55 yr = S 1.46 (1.26-1.69)
2 Risk factors '
=80 yr i 1.38 (1.27-1.49)
=65 to <80 yr R 2 1.44 (1.39-1.50)
=55 to <65 yr ' 1.54 (1.44-1.65)
<55 yr : & 2.08 (1.90-2.27)
3 Risk factors !
>80 yr . 1.78 (1.60-1.98)
65 to <80 yr ; ® 2.11 (2.02-2.20)
=55 to <65 yr H 2.16 (2.02-2.31)
<55 yr : & 3.02 (2.80-3.27)
4 Risk factors !
=80 yr ' —— 232 (1.78-3.01)
265 to <80 yr ' @ 2.87 (2.62-3.14)
=55 to <65 yr I 3.32 (3.02-3.66)
<55 yr | Y 4.56 (4.01-5.18)
5 Risk factors i
>80 yr | ——————  3.19(1.23-8.28)
=65 to <80 yr : - - 4.60 (3.37-6.29)
=55 to <65 yr r - 4.84 (3.78-6.21)
<55 yr ' —— 7.69 (5.02-11.77)
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C Excess Stroke in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)

Control |
=80 yr : Reference
=65 to <80 yr Reference
=55 to <65 yr Reference
<55 yr : Reference
No risk factors '
=80 yr 0.95 (0.74-1.22)
265 to <80 yr & 0.90 (0.76-1.06)

0.94 (0.72-1.23)
1.22 (0.70-2.13)

255 to <65 yr
<55 yr

Risk factor
=80 yr

265 to <80 yr
=55 to <65 yr

—

# 1.06 (0.95-1.18)
S 1.11 (1.04-1.18)
1.27 (1.14-1.41)

<55 yr 1.55 (1.23-1.95)
2 Risk factors
280 yr 1.13 (1.04-1.24)

=65 to <80 yr
=55 to <65 yr

1.32 (1.26-1.38)
1.59 (1.50-1.69)

<55 yr 2.04 (1.76-2.36)
3 Risk factors

=80 yr 1.35 (1.21-1.51)

265 to <80 yr 1.73 (1.65-1.82)

255 to <65 yr 2.13 (2.01-2.27)

<55 yr 2.78 (2.46-3.16)
4 Risk factors

280 yr 1.54 (1.12-2.11)

265 to <80 yr 2.31 (2.09-2.55)

=55 to <65 yr 2.66 (2.30-3.08)

<55 yr 3.34 (2.72-4.10)
5 Risk factors

280 yr 2.65 (0.96-7.30)

=65 to <80 yr
255 to <65 yr
<55 yr

3.54 (2.36-5.31)
2.79 (1.88-4.14)
@—— 6.23 (3.22-12.05)

D Excess Heart Failure in Relation to Range of Risk-Factor Control
Hazard Ratio (95% Cl)

Control |
=80 yr Reference
=65 to <80 yr Reference
=55 to <65 yr Reference
<55 yr & Reference
No risk factors !
=80 yr == 1.12 (0.89-1.41)
265 to <80 yr R 1.42 (1.28-1.58)
=55 to <65 yr s 1.61 (1.31-1.97)
<55 yr y —— 2.40 (1.63-3.54)
1 Risk factor :
280 yr R 2 1.17 (1.08-1.27)
=65 to <80 yr & 1.46 (1.39-1.53)
255 to <65 yr 1.80 (1.63-1.98)
<55yr .- 2.37 (1.99-2.82)
2 Risk factors
280 yr £ 1.23 (1.15-1.32)
265 to <80 yr % 1.62 (1.56-1.68)
255 to <65 yr 2.11 (1.98-2.26)
<55 yr $ 2.71 (2.40-3.05)
3 Risk factors
=80 yr 1.42 (1.31-1.54

RS 2.01 (1.92-2.10

)
=65 to <80 yr )
2.82 (2.63-3.02)

)

=55 to <65 yr

<55 yr 3.93 (3.50-4.42
4 Risk factors
280 yr -&- 1.81 (1.42-2.30)
265 to <80 yr & 2.88 (2.64-3.14)
=55 to <65 yr 3.85 (3.47-4.26)
<55 yr N 5.70 (4.84-6.71)
5 Risk factors
=80 yr —_————— 2.76 (0.82-9.25)
=65 to <80 yr i - - 3.93 (2.75-5.60)
255 to <65 yr ¢ - - 6.54 (4.85-8.81)
<55 yr ' —@—11.35 (7.16-18.01)
T T LR
1 2 345 79

Rawshani et al NEJM 2018




Textbook inflammation
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Stefanadis et al Circulation 1999



What we talk about when we talk about
inflammation in diabetic cardiovascular disease
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A multi-system challenge: how to tune this system?

Cardiovascular Risk Factors

Hyperglycemia Obesity Hypertension Disrupted Sleep Hypercholesteremia Trained Immunity Ageing

; Mutations

|

Membrane Lipid
Raft Formation
Enhanced Sensitivity

to IL-3/GM-CSF
| Receptor Signalling

HSPC Mobilizatlon

Extra-medullary
Hematopoiesis

HSPC ‘ Expansion

Gopalkrishna et al. Cardiovasc Res 2022



Beyond cardiovascular risk

Hanssen et al. Circulation 2021

Myocardial infarction

Hyperglycemia Obesity
Paquinimod
Tasguinimeod
21 Dﬂﬂju-al:tine 3
+[/7

RAGE ard TLR4 firing
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COVID19-mediated

Dexamethasone
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Adaptive immunity likely plays a role as well

y Immune Checkpoint Inhibitors

+ T

Proposed mechanisms of ICI related atherosclerosis

¢ PD-1, PD-L1, CTLA-4 downregulate the
pro-atherogenic T cell response

» PD-1 regulates genes in cholesterol synthesis

.
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Kondapalli et al. Circulation 2020

Risk factors
to manage

CENTRAL ILLUSTRATION: Summary of Immune Checkpoint Alterations and
Their Effects on Atherogenesis

PD-1/PD-L1 Blockode

=

. Teell
CTLA-4 Blockade

acthation
———

©

T cell, macrophage and
platedet activation

VCAM-, MW &
P-selectin product

C040/CD40L Agonism

Vuong, J.T. et al. J Am Coll Cardiol. 2022;79(6):577-593.




CRP, a reductionist view?

All vascular deaths
37 studies, 3430 cases 23 studies, 1544 cases
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CRP is a risk marker, not a risk factor

Single nucleotide Allele
polymorphism frequency*

rs3093077 0.06
rs1205 0.67
rs1130864 0.30
rs1800947 0.94

C Reactive Protein Coronary Heart Disease Genetics Collaboration, BMJ 2011

No of studies/cases  Perallele higher

/participantst

19/15 133/96 807
43/40527/172 567
41/37 145/157 905
31/31636/93 507

mean Iln CRP
(95% Cl), mg/L

—
-
-

—_—

0.1 0 0.1 02 03 0.4

Per allele higher Per allele risk Per allele risk
mean In CRP ratio for CHD ratio for CHD
(95% CI), mg/L (95% CI) (95% CI)
0.21 (0.17 t0 0.24) 0.93 (0.87 to 1.00)
0.18 (0.16 t0 0.20) —p— 1.00 (0.98 to 1.02)
0.13(0.12t0 0.15) — 0.98 (0.96 to 1.00)
0.26 (0.23 t0 0.29) — = 0.99 (0.94 to 1.03)

0.850.90 0.95 1 1.05 1.10




Blood or imaging?

Clinical factors

—

CCTA

International datasets for re-
calibration and re-training of
algorithms

A 4
Risk prediction algorithms

¥

/Artiﬁcial Intelligence powered\

Integrated cloud device

v Demographics
v Clinical risk factors

Plaque analysis
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v'  Al-powered segmentation/analysis
v Plaque analysis

&Perivascular Fat Attenuation Indy

Oikonomou et al. Cardiovascular Research 2021

v Fat Attenuation Index maps

(Lex)

FAl score

Age (years)

v' Patient’s absolute risk for fatal cardiac events

Age (years)

Age (years)

=

w Clinical decision making
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CENTRAL ILLUSTRATION: Atorvastatin treatment in adults with type 2 diabetes reduces uptake
of 68Ga-Dotatate across the cardio-hematopoietic axis.

Reducing inflammation by
targeting conventional risk

* Type 2 diabetes mellitus (n=22)
* 40mg atorvastatin 3 months
 DOTATATE PET-CT to image M1 macrophages

LAD uptake, baseline LAD uptake, follow up

* No correlation crp and DOTATATE uptake

Oostveen & Kaiser et al, submitted



Inflammatory diseases, cardiovascular risk

Rheumatoid arthritis

N [

[ Rheumatoid arthritis
[ Gout Vasoconstriction

@ Inflammation
(NETosis, IL-3, IL-6, TNF)

—| Thrombosis | €4—

Endothelial dysfunction Prothrombotic state

@ Traditional risk factors
{smoking, hypertension, etc)

B ol e ™%

Oxidised LDL

Oxidative stress

X O A

i Jo-

@ Hyperuricaemia
(xanthine oxidase activity)

Hansildaar et al. Lancet Rheumatology 2021



Can we reduce risk further by targeting

inflammation?

* Colchicine 0.5mg

e <30 days myocardial infarction

Tardif et al. NEJM 2019

100 15— )
Hazard ratio, 0.77 (95% Cl, 0.61-0.96)
@ P=0.02
X 804 10 Placebo
g 70- —
: _ >
= 60— - Colchicine
.G 5_ L d
£ 50 .-
S 40- s
E 30_ O I I ] I ] 1
g 0 7 14 21 28 35 42
3 20
W s e
T ——
0 I I I I 1 1
0 7 14 21 28 35 42
Months since Randomization
No. at Risk
Placebo 2379 2261 1854 1224 622 144 0
Colchicine 2366 2284 1868 1230 628 153 0




Colchicine

The NEW ENGLAND JOURNAL of MEDICINE

Colchicine in Patients with Chronic Coronary Disease

MULTICENTER, DOUBLE-BLIND, RANDOMIZED, CONTROLLED TRIAL
5522 Colchicine
(0.5 mg/day)

| K Patients with ‘ ‘ :
PN Chronic coronary <
disease \ W

N=2762 N=2760

Cardiovascular death,

spontaneous MI, 6 y 8 0/0 9 y 60/0

ischemic stroke, or
coronary revascularization HR, 0.69; 95% CI, 0.57 to 0.83; P<0.001

Death from 0.7 events 0.5 events
noncardiovascular causes per 100 person-yr per 100 person-yr

Lower risk of cardiovascular events for patients receiving colchicine

S.M. Nidorf et al. 10.1056/NEJMo0a2021372 Copyright © 2020 Massachusetts Medical Society




CANTOS

(95% Cl)

— Placebo
- === On-treatment hsCRP =2.0 mg/L

020 ---- On-treatment hsCRP <2-0 mg/L

e Canakinumab (anti-il1beta)

015+

0-10+

* Prior MI + CRP>2mg/L os.

Cumulative incidence

s
1.;‘—

(ref)

(0-84-1.09) 0-48
(0-66-0-85) <0-0001

Lo

0
0

Number at risk
Placebo 3182

Canakinumab:
hsCRP 22-0 mg/L. 2868
hsCRP <2.0 mg/L. 3484

* Effect dependent on CRP after 3 months
e All NNT 24
e CRP<2mg/L NNT 16
« CRP >2mg/L NNT 57

* Trade-off: more (fatal) infections

Ridker et al NEJM 2017, Lancet 2018
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The way inflammation is lowered matters

 Low-dose methotrexate did not |# Final Primary End Point
. . 100 15 Hazard ratio, 0.96 (95% Cl, 0.79-1.16)
reduce cardiovascular disease s0- P-067 el
in individuals with prior CVD + g " L owdose
. . o 704 methotrexate
type 2 diabetes or metabolic £
syndrome £ s0- -
2 40-
—§ 30_ O T T T 1
. v 20— 0 1 2 3 4
* Median CRP 1.5mg/L 10- -
3 i ] : /
Years
* NO effeCtS ILl’ IL6 Or CRP lljlo?/\'/-zzzsrl;ethotrexate 2391 1754 1175 611 153
Placebo 2395 1722 1167 593 143

Ridker et al NEJM 2019




Trials inform mechanism

Ridker Circulation 2020

NLRP3 Inflammasome

Caspase-1

Microtubule Polymerization
Pro-IL-18  Pro-IL-1B Inhibitors

} 4 » .\ Colchicine
NLRP3 Inhibitors ~
>—| C N

Activated IL-18  Activated IL-1B

ﬂ ﬂ Interleukin-1 Inhibitors

Canakinumab (1I-1b mAB)
Interleukin-18 Inhibitors IL-18 ||_-1[3 Gevokizumab (IL-1b mAB)
Rilonacept (IL-1TRAP)

Anakinra (IL-1Ra)
Interleukin-6 Inhibitors
Tocilizumab

Sarilumab |L‘6
Sirukimab
Olokizumab ﬂ

hsCRP

>3mg/L
High VascularRisk

<1 mg/L
C-reactive Protein Low Vascular Risk




New kid on the block

[ Placebo [ Ziltivekimab 7.5 mg [ Ziltivekimab15mg [ Ziltivekimab 30 mg

e Ziltivekimab (anti IL6) o0y, .y

I S ———— f Jo g 2
-§ 204 2% .g 20 3 ,Tﬁ
- 8 ' 3
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%\ -40 2 E,ov:- ey g -40 i
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£ E E
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S a ¥ )
i 3 *
-100 T T T 1 I—lOO T T T 1 -100 T T T
e Placebo, 7.5, 15 or 30m
aCepo, /., or 1005, L 1005, £ w0y
< @
B pilemnaas g 407 £ 407
o ! b
3 [ 2 :
8 207 o é 204 T 20 4
5 - 5
* CRP up to -87.8% |
up to -87.8% lower : N
[ -3 5
£ -604 ‘ @ o |
3 49% = I |
?._, f % .; _20, ] 0% 5%
= £ S -20 4 0% ’
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% g 2
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Ridker et al Lancet 2021



Ready for the guidelines?

Colchicine in Acute Coronary Syndrome: When to Commence?

Sep 15, 2021 | aernoud fiolet; Tjerk Simon Jacob Opstal, MD; Peter Thompson, MD; Jan Hein Cornel

Expert Analysis

Share via: u m E u & Print Font Sizef_\_AA

Quick Takes

® The insights emanating from recent large clinical trials studying the role of colchicine as anti-inflammatory treatment in
patients with coronary disease come with new questions for regular clinical practice, such as when to commence
treatment.

® Current data suggest initiating treatment early after myocardial infarction (MI) or in patients without cardio-renal failure
treated in the outpatient clinic.

® The effect of colchicine persists throughout prolonged treatment, irrespective of timing of a prior acute coronary
syndrome (ACS).




Take home message

* Inflammation in diabetes and cardiovascular risk is a complex mechanism,
CRP does not fully capture this process

* |s there arole for imaging?
* Optimising conventional risk factors also reduces inflammation

e Colchicine and canicunimab reduce cardiovacular risk
* There will be new kids on the block

* Major challenges remain
* Who benefits?
* Adverse events?
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