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IL-1β is an important player in vascular inflammation

Multiple factors known to associate with atherosclerosis have recently been found to activate 

the crucial IL-1β–producing NLRP3 inflammasome1

PAI-1

fibrinogen

CRP

SREBP2 

activation

• vascular inflammation

• endothelial dysfunction

• atherosclerosis

• iNOS, endothelin-1

• chemokines, cytokines

• adhesion molecules

• macrophage activation

• smooth muscle proliferation

Cholesterol crystals:1,2

endogenous danger signals that 

can directly trigger the NLRP3 

inflammasome

Neutrophil extracellular traps:1,3

cholesterol crystals trigger the 

release of neutrophil extracellular 

traps which prime macrophages to 

produce the precursor pro-IL-1β

Atheroprone flow:1

results in production of pro-

interleukin (IL)-1β to IL-1β

Hypoxia:1,3

potentiates IL-1β expression in 

human macrophages

IL-1b antagonism: 

canakinumab

is a potential 

intervention
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CRP, C-reactive protein; hsCRP, high sensitivity C-reactive protein; IL, interleukin; NLRP3, nucleotide-binding oligomerization domain-like receptor protein 3 pyrin domain 

containing 3; iNOS, inducible nitric oxide synthase; PAI-1, plasminogen activator inhibitor-1;  SREBP2, sterol regulatory element-binding protein; 1. Ridker P. M. et al. 2016.Circ. 

Res;118;145-156. 2. Abela G.S. et al. 2016 Jul 1;37(25):1959-67;3. Folco E. J. et al. 2014.Circ Res; 2;115(10):875-83



How does canakinumab work?

• Canakinumab is a selective, high-affinity, fully 
human antibody that binds to IL-1ß, and 
prevents it from activating the IL-1 receptor 
and initiating an inflammatory cascade1-3

• Inhibition of IL-1ß is expected to: 

– Slow atheroma formation and 

progression 

– Improve plaque stability 

– Decrease CV risk associated with 

inflammation and atherosclerosis 

progression 

– Reduce subsequent CV events, as 

shown in CANTOS4

CANTOS, canakinumab anti-inflammatory thrombosis outcomes study; CV, cardiovascular; IL-1ß, interleukin-1 beta. NLRP3, nucleotide-binding oligomerization domain-like 

receptor protein 3 pyrin domain containing 3; 1. Ridker PM, et al. Eur Heart J. 2014;35(27):1782-1791; 2. Ridker PM. Circ Res. 2016;118(1):145-156; 3. Ridker PM, et al. Am 

Heart J. 2011;162(4):597-605; 4. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31



• Canakinumab was approved for the treatment of cryopyrin-associated periodic

syndromes (CAPS) by the U.S. Food and Drug Administration (FDA) in June 2009

and by the European Medicines Agency in October 2009 

• CAPS is a spectrum of autoinflammatory syndromes including familial cold

autoinflammatory syndrome, Muckle–Wells syndrome, and neonatal-onset

multisystem inflammatory disease. 

• In September 2016, FDA approved the use of canakinumab on 3 additional rare 

and serious auto-inflammatory diseases: Tumor necrosis factor receptor

associated periodic syndrome (TRAPS), Hyperimmunoglobulin D syndrome

(HIDS)/Mevalonate kinase deficiency (MKD) and Familial Mediterranean fever

(FMF).

Bisherige Indikationen für Canakinumab

https://en.wikipedia.org/wiki/Cryopyrin-associated_periodic_syndrome


CANTOS: Study design

Stable post-MI patients 
on statins, ACEI/ARB, BB, ASA and with 

persistently elevated hsCRP (≥2 mg/L)

Primary Endpoint: Rate of recurrent major CV events (non-fatal MI, non-fatal stroke, or CV death) 

Randomized

Canakinumab 50 mg
SC q 3 months

Randomized

Placebo
SC q 3 months

Randomized

Canakinumab 300 mg
SC q 3 months

Randomized

Canakinumab 150 mg
SC q 3 months

(Key) Secondary Endpoints: New onset diabetes, MACE+, total mortality 

Key Exploratory Endpoints: DVT/PE, stent thrombosis, hospitalizations for CHF, PCI/CABG, and biomarkers

Planned: 1,400 Primary endpoints (1,490 confirmed MACE)

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ASA, acetylsalicylic acid; BB, beta blockers; CABG, coronary artery bypass grafting; CHF, 

congestive heart failure; CV, cardiovascular; DVT, deep vein thrombosis; hsCRP, high-sensitivity C-reactive protein; MACE, major adverse cardiovascular events; MACE+, major 

adverse cardiovascular events + hospitalization for unstable angina pectoris requiring revascularization; MI, myocardial infarction; PCI, percutaneous coronary intervention; PE, 

pulmonary embolism; RRR, relative risk reduction; SC, subcutaneous; q 3 months, every 3 months. 1. Ridker PM, et al. Am Heart J. 2011;162:597-605; 2. Ridker PM, et al. N 

Engl J Med 2017;377(12):1119-31



CANTOS 
Inclusion criteria

CANTOS 
Exclusion criteria

• Men and women of non-child-bearing potential

• Aged ≥18 years 

• Documented spontaneous MI ≥30 days before 

randomization

• hsCRP ≥2 mg/L

– Collected <60 days prior to visit 2

– ≥28 days after qualifying MI or after any PCI performed 

separately 

– On stable long-term ( ≥4 weeks) CV medications

• Pregnant or nursing women

• Any of the following conditions or diseases:

– Planned coronary revascularization or any major non-cardiac 

surgical or endoscopic procedure within the past 6 months

– Multi-vessel CABG surgery within the past 3 years

– Symptomatic patients with NYHA class IV HF

– Uncontrolled hypertension (SBP >160 mmHg or 

DBP >100 mmHg) or uncontrolled diabetes

– History of ongoing, chronic or recurrent infectious disease 

including tuberculosis (active or latent) infection or risk factors for TB

– Prior malignancy (other than basal cell skin carcinoma)

– Nephrotic syndrome or eGFR <30 mL/min/1.73 m2 per MDRD 

formula or kidney transplant 

– Known active or recurrent hepatic disorder [including cirrhosis,

hepatitis B and hepatitis C], or ALT/AST levels > 3 times ULN 

or total bilirubin > 2 times ULN

– Suspected or proven immunocompromised state, 

including HIV infection

– Biologic drugs targeting the immune system

ALT, alanine transaminase; AST, aspartate transaminase; CANTOS, canakinumab anti-inflammatory thrombosis outcomes study; CABG, coronary artery bypass graft; CV, 

cardiovascular; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HF, heart failure; HIV, human immunucleotide-binding oligomerization domaineficiency

virus, hsCRP, high-sensitivity C-reactive protein; MDRD, modification of diet in renal disease; MI, myocardial infarction; NYHA, New York Heart Association; PCI, percutaneous 

coronary intervention; SBP, systolic blood pressure; TB, tuberculosis; ULN, upper limit of the normal range. 1. Ridker PM, et al. Am Heart J. 2011;162:597-605; 2. Ridker PM, et al. 

N Engl J Med 2017;377(12):1119-31



CANTOS: Baseline characteristics (1/2) 

Placebo Canakinumab

(n=3,344)
50 mg

(n=2,170)

150 mg

(n=2,284)

300 mg

(n=2,263)

All doses

(n=6,717)
Age (years), mean (SD) 61.1 (10.0) 61.1 (10.1) 61.2 (10.0) 61.1 (10.1) 61.1 (10.1)

Female, n (%) 865 (25.9) 541 (24.9) 575 (25.2) 606 (26.8) 1,722 (25.6)

Race,  n (%)

Caucasian 2,652 (79.3) 1,772 (81.7) 1,808 (79.2) 1,804 (79.7) 5,384 (80.2)

Black 106 (3.2) 61 (2.8) 67 (2.9) 84 (3.7) 212 (3.2)

Asian 388 (11.6) 232 (10.7) 278 (12.2) 265 (11.7) 775 (11.5)

Other 198 (5.9) 105 (4.8) 131 (5.7) 110 (4.9) 346 (5.2)
Diabetes, n (%) 1333 (39.9) 854 (39.4) 954 (41.8) 888 (39.2) 2696 (40.1)

History of CHFǂ, n (%) 721 (21.6) 451 (20.8) 478 (20.9) 523 (23.1) 1452 (21.6)

History of Hypertension, n 

(%)
2644 (79.1) 1751 (80.7) 1814 (79.4) 1799 (79.5) 5364 (79.9)

History of Dyslipidemia, n 

(%)
3251 (97.2) 2128 (98.1) 2206 (96.6) 2201 (97.3) 6535 (97.3)

Lipid lowering therapy, n
(%)

3132 (93.7) 2038 (94.0) 2114 (92.7) 2113 (93.5) 6265 (93.4)

Statin, n (%) 3045 (91.1) 1990 (91.7) 2065 (90.6) 2057 (91.1) 6112 (91.1)

CANTOS, canakinumab anti-inflammatory thrombosis outcomes study; SD, standard deviation; CHF, chronic heart failure 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-

31; 2. Novartis data on file.



CANTOS: Baseline characteristic (2/2)

Placebo Canakinumab

(n=3344)
50 mg

(n=2170)

150 mg

(n=2284)

300 mg

(n=2263)

All doses

(n=6717)
Smoking Status, n (%)

Current Smoker 765 (22.9) 531 (24.5) 534 (23.4) 536 (23.7) 1601 (23.8)

Former Smoker 1619 (48.4) 1033 (47.6) 1061 (46.5) 1040 (46.0) 3134 (46.7)

BMI, median, kg/m2 (IQR) 29.7 (26.6, 33.8) 29.9 (26.6, 33.9) 29.8 (26.5, 33.7) 29.8 (26.5, 33.8) 29.9 (26.6, 33.8)

hsCRP, median, mg/L (IQR) 4.1 (2.75, 6.85) 4.25 (2.80, 7.15) 4.25 (2.85, 7.05) 4.15 (2.85, 7.15) 4.2 (2.80, 7.10)

IL-6, median, ng/L (IQR) 2.61 (1.80, 4.06) 2.53 (1.80, 4.17) 2.56 (1.74, 4.11) 2.59 (1.79, 4.08) 2.56 (1.77, 4.13)

eGFR, mL/min/1.73m2 (IQR) 79.0 (65.0, 93.0) 79.0 (64.0, 92.0) 79.0 (64.5, 93.0) 78.0 (64.0, 93.0) 78.5 (64.0, 93.0)

Total cholesterol, mg/dL (IQR) 
(mmol/L)

161 (137, 190) 
(4.2)

159 (136, 189) 
(4.1)

159 (136, 188) 
(4.1)

161 (137, 189) 
(4.2)

160 (136, 189)
(4.1)

HDL-cholesterol, mg/dL (IQR)
(mmol/L)

44.5 (37.1, 52.6) 
(1.2)

43.7 (37.0, 52.2) 
(1.1)

43.7 (36.3, 52.0)* 
(1.1)

44.0 (36.7, 53.0) 
(1.1)

43.7 (36.7, 52.2)* 
(1.1)

LDL-cholesterol
Median, mg/dL (mmol/L)

82.8 (64.2, 107.5)
(2.1)

81.2 (62.3, 106.0) 
(2.1)

82.4 (63.4, 106.0) 
(2.1)

83.5 (64.0, 108.0) 
(2.2)

82.0 (63.0, 106.7) 
(2.1)

Triglycerides, mg/dL (IQR) (mmol/L)
139 (100, 194) 

(1.6)
140 (102, 198) 

(1.6)
139 (101, 196) 

(1.6)
138 (103, 194) 

(1.6)
139 (102, 196) 

(1.6)

p-value <0.05 in comparison to placebo; BMI, body mass index; CANTOS, canakinumab anti-inflammatory thrombosis outcomes study; eGFR, estimated glomerular filtration rate; 

HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; IQR, interquartile range; LDL, low-density lipoprotein; 1. Ridker PM, et al. N Engl J 

Med 2017;377(12):1119-31; 2. Novartis data on file.



Canakinumab reduced hsCRP at all 3 doses over 48 months relative to placebo 
(n=10,061)

*% greater reduction than in the placebo group. hsCRP, high-sensitivity C-reactive protein. 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31

↓ 26%* p<0.001 (50 mg)

↓ 37%* p<0.001 (150 mg)
↓ 41%* p<0.001 (300 mg)
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Effect of canakinumab on lipids
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• Canakinumab use resulted in no reduction in LDL-C or HDL-C vs placebo arm over 48 months and a 

4–5% median increase in TG

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides. 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31

-10

0

10

-10

0

10

-10

0

10

0 3 6 9 12 24 36 48



Primary endpoint: 15% reduction in risk of MACE 
observed for 150 mg canakinumab dose

P-value statistically significant compared to placebo, adjusted for multiplicity and accounting for two efficacy interim analyses, in accordance with the pre-specified closed-testing 

procedure (threshold p=0.02115); CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event. 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31; 

2. Novartis data on file.
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P-values not statistically significant compared to placebo based on the prespecified closed-testing procedure (threshold p=0.02115 for 50 mg dose, threshold p=0.01058 300 mg 

dose). CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event . 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31; 

Years

HR: 0.93 (95% CI, 0.80 – 1.07)
p=0.30
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p=0.031
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Primary endpoint: 50 mg / 300 mg canakinumab doses 



Primary endpoint: 50 mg / 300 mg canakinumab doses 

P-values not statistically significant compared to placebo based on the prespecified closed-testing procedure (threshold p=0.02115 for 50 mg dose, threshold p=0.01058 300 mg 

dose). CI, confidence interval; HR, hazard ratio; 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31; 

Years
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Key secondary endpoint: MACE + hospitalization for unstable 
angina requiring revascularization

P-value statistically significant compared to placebo, adjusted for multiplicity and accounting for two efficacy interim analyses, in accordance with the pre-specified closed-testing 

procedure (threshold p=0.00529). CI, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular event . 1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31
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Adverse event and tolerability profile
Placebo Canakinumab

Placebo             

N=3348

n (%)

50 mg          

N=2170

n (%)

150 mg         

N=2285

n (%)

300 mg         

N=2263

n (%)

Subjects with at least one AE 2914 (87.0) 1872 (86.3) 1970 (86.2) 1987 (87.8)

AEs suspected to be related to study drug 474 (14.2) 267 (12.3) 350 (15.3) 355 (15.7)

Subjects who permanently discontinued study 

drug due to AEs 
244 (7.3) 142 (6.5) 164 (7.2) 175 (7.7)

AEs leading to study treatment interruption 399 (11.9) 228 (10.5) 270 (11.8) 268 (11.8)

AE, adverse event; Py, person years; SAE, serious adverse event. 1. Novartis data on file.

Infections
Placebo Canakinumab p-value

Adverse event

Placebo             
N=3348

n/100 py (n)

50 mg          
N=2170

n/100 py (n)

150 mg         
N=2285

n/100 py (n)

300 mg         
N=2263

n/100 py (n)

All doses
N=6717

n/100 py (n)

p-value for 
trend across 

doses

p-value for 
combined dose 

groups

Subjects with at least one 
SAE

11.96 (1202) 11.41 (741) 11.71 (812) 12.33 (836) 11.82 (2389) 0.43 0.79

Any SAE infection 2.86 (342) 3.03 (230) 3.13 (258) 3.25 (265) 3.14 (753) 0.12 0.14

Fatal infection/sepsis 0.18 (23) 0.31 (25) 0.28 (24) 0.34 (29) 0.31 (78) 0.09 0.02



Adverse events: Hepatic and other safety 
topics of interest

Placebo Canakinumab p-value

Adverse event/laboratory 
parameter

Placebo             
N=3348

n/100 py (n)

50 mg          
N=2170

n/100 py (n)

150 mg         
N=2285

n/100 py (n)

300 mg         
N=2263

n/100 py (n)

All doses
N=6717

n/100 py (n)

p-value for 
trend across 

doses

p-value for 
combined dose 

groups

Any malignancyǂ 1.88 (231) 1.85 (144) 1.69 (143) 1.72 (144) 1.75 (431) 0.31 0.38

Fatal malignancyǂ 0.64 (81) 0.55 (44) 0.50 (44) 0.31 (27) 0.45 (115) 0.0007 0.016

Injection site reaction* 0.23 (29) 0.27 (21) 0.28 (24) 0.30 (26) 0.28 (71) 0.49 0.36

Leukopenia 0.24 (30) 0.30 (24) 0.37 (32) 0.52 (44) 0.40 (100) 0.002 0.013

Neutropenia 0.06 (7) 0.05 (4) 0.07 (6) 0.18 (15) 0.10 (25) 0.014 0.17

Any Hemorrhage 4.01 (462) 3.33 (249) 4.15 (327) 3.82 (301) 3.78 (877) 0.94 0.31

Thrombocytopenia 0.43 (53) 0.56 (44) 0.54 (46) 0.71 (60) 0.60 (150) 0.022 0.031

Drug-induced liver injury (SAE)* 0.18 (23) 0.15 (12) 0.13 (11) 0.05 (4) 0.11 (27) 0.0039 0.0541

All adverse event categories are based on standardized MedDRA queries or classification levels, except those otherwise indicated; *Sponsor categorization of adverse events of 

special interest ǂIncluding malignancies adjudicated by the Cancer Endpoint Adjudication Committee.

Py, person years; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event   1. Ridker PM, et al. N Engl J Med 2017;377(12):1119-31



Decreased cumulative incidence of fatal malignancies

CI, confidence interval; HR, hazard ratio 1. Ridker PM et al, Lancet. 2017 Aug 25. pii: S0140-6736(17)32247-X. doi: 10.1016/S0140-6736(17)32247-X. [Epub ahead of print]

All fatal cancer Fatal lung cancer

Ridker et al, Lancet. 2017;390(10105):1833-1842.



Libby P. Interleukin-1 Beta as a Target for Atherosclerosis: Biologic Basis for CANTOS and 

Beyond. JACC 2017 (October 31, 2017)



Summary of CANTOS results

• CANTOS met its primary endpoint with the 150 mg canakinumab dose demonstrating a 15% RRR in MACE

– RRR in 150 mg dose driven by a reduction in MI (24% RRR) and CV death (12% RRR, n.s.)

– HR was similar in the 300 mg dose group but the p-value did not meet the pre-specified significance threshold 

– No significant effect observed for the 50 mg canakinumab dose

• A number of key secondary endpoints were also met with the 150 mg canakinumab dose

– 17% RRR in composite of MACE + hospitalization for unstable angina requiring unplanned revascularization

– No significant changes in all-cause mortality

• Safety results were broadly similar in canakinumab and placebo groups and consistent with expected safety profile in 

this indication 

– Increased risk of fatal infection or sepsis, neutropenia, leukopenia and thrombocytopenia

• A review of blinded, pre-planned oncology safety analyses revealed a 77% reduction in lung cancer mortality in 

patients treated with 300 mg of ACZ885

CV, cardiovascular; HR, hazard ratio; MACE, major adverse cardiovascular event; MI, myocardial infarction; RRR, relative risk reduction. 1. Ridker PM, et al. N Engl J Med 

2017;377(12):1119-31; 



Welche Patienten profitieren?





Clinical Outcome Placebo
(N = 3182)

Canakinumab
On-treatment 
hsCRP > 2mg/L
(N = 2868)

Canakinumab
On-treatment 
hsCRP < 2 mg/L
(N = 3484)

MACE HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.90
0.79-1.02
0.11

0.75
0.66-0.85
<0.0001

MACE - Plus HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.91
0.81-1.03
0.14

0.74
0.66-0.83
<0.0001

CV Death HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.99
0.82-1.21
0.95

0.69
0.56-0.85
0.0004

All-Cause Mortality HR (adjusted)

95% CI
P

1.0
Referent
Referent

1.05
0.90-1.22
0.56

0.69
0.58-0.81
<0.0001

HRs adjusted for age, gender, smoking, HTN, diabetes, BMI, baseline hsCRP, Baseline LDLC

CANTOS Sensitivity Analysis V: Multivariable Adjusted Hazard Ratios for 
Additional Pre-Specified Cardiovascular Outcomes

According to On-treatment hsCRP Levels Above or Below 2 mg/L After Drug Initiation

Ridker, presented at AHA 2017



Canakinumab 
Dose

Placebo Canakinumab
On-treatment 
hsCRP > 2mg/L

Canakinumab
On-treatment 
hsCRP < 2 mg/L

50 mg SC
q 3 months

HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.96
0.80-1.14
0.63

0.78
0.63-0.96
0.02

150 mg SC 
q 3 months

HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.86
0.71-1.04
0.11

0.75
0.62-0.91
0.003

300 mg SC
q 3 months

HR (adjusted)

95% CI
P

1.0
Referent
Referent

0.87
0.71-1.07
0.18

0.74
0.62-0.88
0.0009

HRs adjusted for age, gender, smoking, HTN, diabetes, BMI, baseline hsCRP, Baseline LDLC

CANTOS Sensitivity Analysis VI: Consistent Effects at All Doses of Canakinumab (MACE)

The proportions of those treated who achieved hsCRP levels < 2 mg/L were
44%, 55%, and 65% in the 50mg, 150mg, and 300mg canakinumab groups, respectively.



Bekannte CV-

Erkrankung

Residual 

cholesterol risk

zusätzliche LDL-Senkung 

Ezetimibe/PCSK9-Hemmer

Residual 

inflammatory risk

Interleukin 1-β Antikörper

CANTOS

Patientenselektion: hsCRP 

Residual thrombotic risk

Langfristig gesteigerte 

antithrombotische Therapie 

COMPASS, PEGASUS

Residual risk

Athero-

sklerose

Zustand 

nach MI

Sekundärprävention bei kardiovaskulären Risikopatienten

Modifiziert nach Ridker, European Heart Journal (2016) 37, 1720–1722



REACH Register: Substantielle Überlappung zwischen KHK 

und cAVK/pAVK

Bhatt DL, et al. JAMA 2006;295:180-189



Chronische KHK oder pAVK

Risiko für vaskuläre Ereignisse trotz optimaler Therapie

1. ATT Collaboration. Lancet 2009;373:1849–1860; 2. CAPRIE Steering Committee. Lancet 1996;348:1329–1339; 3. Bhatt DL et al. J Am Coll Cardiol

2007;49:1982–1988; 4. Bonaca MP et al. N Engl J Med 2015;372:1791–1800; 5. Morrow DA et al. N Engl J Med 2012;366:1404–1413

*Schätzung basierend auf nachgewiesener RRR

†Schätzung basierend auf nachgewiesenem prozentualen Gesamtanteil der medianen Nachverfolgung innerhalb von 28 Monaten (CHARISMA-Studie) und 

nachgewiesenen dreijährigen Kaplan-Meier-Raten (PEGASUS und TRA2P-TIMI50)

ACE: Angiotensin konvertierendes Enzym, ARB: Angiotensin-Rezeptorblocker, ASS: Acetylsalicylsäure, n.a.: nicht verfügbar

HR 0,81 

(0,75 –

0,87)

HR 0,91* 

(0,84 – 1,0)

HR 0,83 

(0,72 – 0,96)

HR 0,84 

(0,74 –

0,94)

HR 0,87 

(0,80 –

0,94)
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Kontrolle 

Intervention 

% Einsatz der 

Standardtherapien 

Kontrolle ASS ASS, Clopidogrel Placebo  

+ ASS  

Clopidogrel + 

ASS 

Placebo 

+ ASS 

Ticagrelor 

+ ASS 

Vorapaxar, Placebo  

+ ASS  

± Thienopyridin 

ACE-Hemmer/ARB 
Metaanalyse 

aus 16 Studien 

n.a. bis zu 85,3 80,4 73,5 

Statin/ 

lipidsenkend 

n.a. 

 
77,1 - 89,3 92,4 91,0 



Eine intensivierte Thrombozytenaggregationshemmung bei Patienten mit pAVK 

führte zu unterschiedlichen Ergebnisse.

*Periphere Bypassoperation oder Beinamputation aufgrund von CLI oder einer sonstigen Intervention aufgrund der pAVK (individue lle Endpunkte); #Stat. Aufnahme aufgrund von 

ALI oder Revaskularisation der unteren Extremitäten (individuelle Endpunkte); ‡Kombination von ALI oder peripherer Revaskularisation; §Keine Reduktion der Mortalität in der 

Gesamt-Studienpopulation5 1. Bhatt DL et al, J Am Coll Cardiol 2007;49:1982–1988 ; 2. Bonaca MP et al, Circulation 2013;127:1522–1529; 3. Hiatt WR et al, N Engl J Med 

2017;376:32–40; 4. Bonaca MP et al, J Am Coll Cardiol 2016;67:2719–2728; Bonaca MP et al, N Engl J Med 2015;372:1791–1800





KHK: koronare Herzerkrankung, pAVK: periphere arterielle Verschlusskrankheit,; ASS: Acetylsalicylsäure, MI: 

Myokardinfarkt, CV: kardiovaskulär

COMPASS
Studiendesign

Rivaroxaban 5.0 mg bid

ASS 100 mg od

Rivaroxaban 2.5 mg bid + Aspirin 100 mg od 
30-Tage

Auswasch

Periode

30-day run-in,

ASs 100mg

Finaler

Follow-up 

Besuch

R

Finaler

Auswasch-

Perioden

Besuch

1:1:1

N~27,395
Population:

Chronische

KHK (91%)

pAVK (27%)

Durchschnittlicher Follow up: 23 
Monate bei vorzeitiger Beendung

Studienziel

 Untersuchung der Wirksamkeit und Sicherheit von Rivaroxaban, Rivaroxaban plus ASS oder ASS 
alleine zur Reduktion von Herzinfarkt, Schlaganfall und kardiovaskulärem Tod bei Patienten mit
KHK oder pAVK



Eikelboom et al, NEJM 2017

Antithrombotische Therapie in der stabilen Phase der KHK/pAVK –
COMPASS primärer Wirksamkeitsendpunkt 





Primärer Sicherheitsendpunkt 

Modifizierte ISTH-Definition

1. Schulman S et al, J Thromb Haemost 2005;3:692–694

PADCAD

Anders als die Standard ISTH Kriterien wurden alle Blutungen, die zu einer 

Vorstellung in der Notaufnahme oder einer stationären Aufnahme führten, als schwer 

angesehen.

Modifizierte ISTH-Definition für schwere 

Blutungen (COMPASS)

• Tödliche Blutungen und/oder

• symptomatische Blutungen in einem 

kritischen Bereich oder Organ (z. B. 

intrakranial) oder 

• Einblutungen in einen 

Operationsbereich mit erforderlicher 

erneuter Operation und/oder

• Blutungen, die zur stationären 

Aufnahme führten

ISTH-Definition für schwere Blutungen1

• Tödliche Blutungen und/oder

• symptomatische Blutungen in einem 

kritischen Bereich oder Organ (z. B. 

intrakranial) und/oder 

• Blutungen, die zu einem Abfall der 
Hämoglobin-Konzentration auf ≥ 20 g/l 
führten oder ≥ 2 Einheiten Vollblut- oder 
Erythrozytentransfusionen erforderlich 
machten







 Definition: Kombination aus KV-bedingtem Tod, Schlaganfall, MI, 

tödliche Blutung oder symptomatische Einblutung in ein kritisches 

Organ

 Der klinische Nettonutzen beinhaltet die Kombination aus tödlichen 

Ereignissen und nicht tödlichen Ereignissen mit irreversiblen 

Schädigungen

Endpunkt Rivaroxaban

2,5 mg 

2 x tgl. + ASS 

100 mg 

N = 9152

ASS

100 mg

N = 9126

Rivaroxaban 2,5 mg 2 x tgl. + ASS

100 mg vs ASS 100 mg

HR (95 % KI) p-Wert

Klinischer 

Nettonutzen
431 (4,7 %) 534 (5,9 %) 0,80 (0,70 – 0,91) < 0,001

Eikelboom JW et al. N Engl J Med 2017; DOI: 10.1056/NEJMoa1709118





ASS: Acetylsalicylsäure, MACE: major adverse cardiovascular events, HR: hazard ratio, KI: Konfidenzintervall, KV: kardiovaskulär,

MI: Myokardinfarkt 

Connolly SJ et al. Lancet 2017; doi:10.1016/S0140-6736(17)32816-7.

Dualer Wirkansatz mit vaskulärer Dosis Rivaroxaban, 2,5 mg 2x tägl. + ASS führte zu 

Reduktion von MACE um 26 %

Primärer Wirksamkeitsendpunkt: MACE (I)

Primärer Wirksamkeits-
endpunkt 

Rivaroxaban  
2,5 mg 2 x tägl. 

+ ASS 

n = 8.313 

ASS 
n = 8.261 

Rivaroxaban  
2,5 mg 2 x tägl. + ASS 

vs 

ASS 

n (%) n (%) HR 
(95% KI) 

p-Wert 

MACE 347 (4) 460 (6) 
0,74  

(0,65–0,86) 
<0,0001 

KV-bedingter Tod 139 (2) 184 (2) 
0,75 

(0,60–0,93) 
0,010 

Schlaganfall 74 (1) 130 (2) 
0,56 

(0,42–0,75) 
<0,0001 

Ischämisch/ unspezifisch 60 (1) 120 (2) 
0,50 

(0,36–0,67) 
<0,0001 

Hämorrhagisch 14 (<1) 10 (<1) 
1,39 

(0,62–3,32) 
0,43 

MI 169 (2) 195 (2) 
0,86 

(0,71–1,05) 
0,15 



Primärer Sicherheitsendpunkt

ASS: Acetylsalicylsäure, HR: hazard ratio, KI: Konfidenzintervall, ICB: intrakranielle Blutung 

Connolly SJ et al. Lancet 2017; doi:10.1016/S0140-6736(17)32816-7.

Primärer Sicherheits-
endpunkt 

Rivaroxaban  
2,5 mg 2 x tägl. 

+ ASS 

n = 8.313 

ASS 
n = 8.261 

Rivaroxaban  
2,5 mg 2 x tägl. + ASS 

vs  

ASS 

 (%) n (%) 
HR 

(95% KI) 
p-Wert 

Schwere Blutungen 263 (3) 158 (2) 
1,66 

(1,37–2,03) 
<0,0001 

     tödlich 14 (<1) 9 (<1) 
1,55 

(0,67–3,58) 
0,30 

ICB 19 (<1) 19 (<1) 
0,99 

(0,52–1,87) 
0,98 

Kritische Organe 36 (<1) 25 (<1) 
1,42 

(0,85–2,36) 
0,18 

andere 194 (2) 105 (1) 
1,85 

(1,46–2,34) 
<0,0001 



Subgruppenanalysen (I)

0,1 1 10

; #Nichtraucher, Lipidsenkende Therapie, β-Blocker und ein ACEI / ARB

ASS: Acetylsalicylsäure, HR: hazard ratio, KI: Konfidenzintervall,, TIMI: 

Thrombolysis in Myocardial Infarction,, 

Connolly SJ et al. Lancet 2017; doi:10.1016/S0140-6736(17)32816-7.

Rivaroxaban 2,5 mg 

2x tägl. + ASS 

besser

ASS 

Monotherapie 

besser

Subgruppe 

Rivaroxaban  

2.5 mg 2 x tägl. + 

ASS 

n/N (%) 

ASS als 

Monotherapie 

n/N (%) 
HR (95% KI) HR (95% KI) p-Wert 

Alle Patienten 347/8.313 (4) 460/8.261 (6)  0,74 (0,65–0,86) 

Alter 0,20 

< 65 Jahre 69/1.864 (4) 115/1.890 (6)  0,61 (0,45–0,82) 

65 – 75 Jahre 168/4.707 (9) 223/4.661 (5)  0,74 (0,61–0,91) 

≥ 75 Jahre 110/1.742 (6) 122/1.710 (7)  0,87 (0,67–1,13) 

Diabetes (Baseline) 0,62 

Ja 155/3.043 (5) 212/3.040 (7)  0,72 (0,58–0,88) 

Nein 192/5.270 (4) 248/5.221 (5)  0,77 (0,64–0,93) 

Begleitende pAVK Erkrankung 0,37 

Ja 94/1.656 (6) 138/1.641 (8)  0,67 (0,52–0,87) 

Nein 253/6.657 (4) 322/6.620 (5)  0,77 (0,66–0,91) 

TIMI-Risikoscore 0,92 

0–1 57/2.611 (2) 77/2.582 (3) 0,73 (0,52–1,03) 

2 88/2.399 (4) 108/2.316 (5) 0,79 (0,59–1,04) 

3–8 202/3.303 (6) 275/3.363 (8) 0,74 (0,61–0,88) 

Laut Leitlinie empfohlene Therapie# 0,89 

Ja 150/3.431 (4) 194/3.406 (6)  0,75 (0,61–0,93) 

Nein 197/4.882 (4) 266/4.855 (5)  0,74 (0,61–0,89) 

=155.8 mg/dl



Subgruppenanalysen (II)

MI: Myokardinfarkt, ASS: Acetylsalicylsäure, HR: hazard ratio, KI: Konfidenzintervall, PCI: perkutane Koronarintervention, PTCA: perkutane 

Koronarangiographie , ACVB: Aortokoronare Venenbypass-Operation, 

Connolly SJ et al. Lancet 2017; doi:10.1016/S0140-6736(17)32816-7.

0,1 1 10
Rivaroxaban 2,5 mg 

2x tägl. + ASS besser
ASS Monotherapie 

besser

L.DE.MKT.GM.11.2017.4331

Subgruppe 

Rivaroxaban  

2.5 mg 2 x tägl. + 

ASS 

n/N (%) 

ASS Monotherapie 

n/N (%) 
HR (95% KI) HR (95% KI) p-Wert 

Alle Patienten 347/8.313 (4) 460/8.261 (6)  0,74 (0,65–0,86) 

MI in Anamnese 0,93 

vor < 2 Jahren 49/1.218 (4) 67/1.205 (6)  0,70 (0,48–1,01) 

vor 2–5 Jahren 71/1.612 (4) 91/1.665 (5)  0,81 (0,59–1,10) 

vor ≥5 Jahren 127/2.824 (4) 174/2.849 (6)  0,72 (0,57–0,91) 

Kein MI 100/2.661 (3.8) 128/2.540 (5)  0,76 (0,58–0,98) 

PCI/PTCA in Anamnese 0,85 

Ja 201/4.971 (4) 270/4.905 (6)  0,74 (0,61–0,88) 

Nein 146/3.342 (4) 190/3.356 (6)  0,76 (0,61–0,94) 

ACVB in Anamnese 0,01 

Ja 121/2.232 (5) 117/2.143 (5)  0,99 (0,77–1,28) 

Nein 226/6.081 (4) 343/6.119 (6)  0,66 (0,56–0,78) 

MI oder PCI oder ACVB vor >2 Jahren 0,71 

Ja 78/2.269 (3) 102/2.141 (5) 0,71 (0,53–0,95) 

Nein 269/6.044 (4) 358/6.120 (6) 0,76 (0,65–0,89) 

Subgruppenanalysen (II)



MACE: major adverse cardivascular events, ASS: Acetylsalicylsäure, HR: hazard 

ratio, KI: Konfidenzintervall, 

Connolly SJ et al. Lancet 2017; doi:10.1016/S0140-6736(17)32816-7.

0,1 1 10

Rivaroxaban 2,5 mg 

2x tägl. + ASS 

besser

ASS 

Monotherapie 

besser

Wirksamkeits- und Sicherheitsergebnisse nach 

Behandlungdauer
Rivaroxaban  

2.5 mg 2 x tägl. + 

ASS 

n/N (%) 

ASS Monotherapie 

n/N (%) 
HR (95% KI) HR (95% KI) 

MACE 

<1 Jahr 176/8.313 (2) 221/8.261 (3)  0,79 (0,65–0,96) 

1–<2 Jahre 113/7.228 (2) 169/7.125 (2)  0,66 (0,52–0,83) 

>2 Jahre 58/3.655 (2) 70/3.621 (2)  0,82 (0,58–1,16) 

Schwere Blutung 

<1 Jahr 163/8.313 (2) 70/8.261 (1)  2,32 (1,75–3,07) 

1–<2 Jahre 70/7.189 (1) 59/7.183 (1)  1,19 (0,84–1,68) 

>2 Jahre 30/3.626 (1) 30/3.628 (1)  1,05 (0,63–1,75) 

Klinischer Nettonutzen 

<1 Jahr 207/8.313 (2) 237/8.261 (3)  0,87 (0,72–1,04) 

1–<2 Jahre 124/7.201 (2) 182/7.112 (3)  0,67 (0,53–0,84) 

>2 Jahre 61/3.637 (2) 75/3.604 (2)  0,80 (0,57–1,12) 

Gesamtmortalität 

<1 Jahr 117/8.313 (1) 145/8.261 (2)  0,80 (0,63–1,02) 

1–<2 Jahre 93/7.323 (1) 120/7.242 (2)  0,77 (0,59–1,01) 

>2 Jahre 52/3.743 (1) 74/3.762 (2)  0,70 (0,49–1,00) 





Den Primären Endpunkten der COMPASS-Studie 

wurden pAVK-spezifische Endpunkte hinzugefügt

• Der primäre kardiovaskuläre Endpunkt war MACE, definiert als:

– Kombination von KV-bedingtem Tod, Schlaganfall oder MI

• Der primäre Extremitäten-Endpunkt waren schwerwiegende unerwünschte 

Ereignisse der Extremitäten (MALE), definiert als:

– schwere Extremitätenischämie, die zu einer Intervention führte 

(Angioplastie, Bypass-Operation, Amputation, Thrombolyse)

– Majoramputation aufgrund vaskulärer Insuffizienz oberhalb des Vorfußes

Anand SS et al, Lancet 2017;doi:10.1016/S0140-6736(17)32757-5





RRR von 31% bei MACE oder MALE einschließlich Majoramputationen mit 

Rivaroxaban 2,5 mg 2 x tägl. + ASS versus ASS Monotherapie bei Patienten mit pAVK 

Anand SS et al, Lancet 2017;doi:10.1016/S0140-6736(17)32757-5

Number at risk 

Rivaroxaban + ASS 2492 2069 893 124 

Rivaroxaban 2474 2023 864 147 

ASS 2504 2034 911 113 



pAVK spezifische Wirksamkeitsendpunkte

* MALE einschließlich Majoramputationen

Anand SS et al, Lancet 2017;doi:10.1016/S0140-6736(17)32757-5

Rivaroxaban 2,5 mg 2 x tägl. + ASS führte im Vergleich zur ASS 

Monotherapie zu einer signifikanten Reduktion von MALE (RRR 46%) 

einschließlich der Majoramputationen (RRR 70 %).

Endpunkt 

Rivaroxaban  
2,5 mg 2 x tägl. + ASS 

n = 2492 

ASS 
n = 2504 

Rivaroxaban  
2,5 mg 2 x tägl. + ASS 

vs. ASS 

n (%) n (%) 
HR  

(95% KI) 
p-Wert 

MALE* 30 (1,2) 56 (2,2) 
0,54 

(0,35 – 0,84) 
0,005 

Majoram-
putation 

5 (0,2) 17 (0,7) 
0,30 

(0,11 – 0,80) 
0,01 



Risk reduction in the context of other concepts of secondary prevention

– number needed to treat

Bittl JA, Maron DJ. J Am Coll Cardiol. 2017 Sep 12;70(11):1376-1378.



Therapy Indication / enrichment NNT Absolute risk

reduction

Canakinumab 150mg all- CANTOS all patients Post MI 78 (2 years) 0.64%

Canakinumab 150mg („responders“) Post MI 50 (2 years) 

30 (3.7 years) 

16 (5 years)

1.8%

Ticagrelor 60mg bid – PEGASUS all patients Post MI 79 (3 years)

Post MI, Label population (MI ≤2years, 

termination of DAPT≤1year)

58.8 (3 years) 1.7%

Post MI, PAD 20 (3 years) 4.1%

Rivaroxaban 2x2.5mg - COMPASS all patients CAD/PAD 76 (~2 years) 1.3%

PAD 50 (~2 years) 2%

CAD+PAD 33 (~2 years) 3%

PCSK9 Inhibition (Evolucumab) - FOURIER all 

patients

Atherosclerotic disease 74 (~2years) 1.5%

PAD 29 (2.5 years) 3.5%

Prior MI <2 years 35 2.9%

Multivessel disease 29 3.4%

Ridker, NEJM 2017, Ridker Lancet 2017,  Bonaca NEJM 2015, Bonaca JACC 2016, Eikelboom NEJM 2017, Conolly Lancet 2017, 

Anand Lancet 2017, Sabatine NEJM 2017, Bonaca, Circulation 2018



Mike Sharma on behalf of the COMPASS Investigators presented at the ISC 2018



Andre Lamy on behalf of the COMPASS Investigators presented at the AHA 2017



Time

Index event / PCI

Acute Phase

Longterm Phase, stent

independent risk

effective inhibition of 

platelet aggregation

Schulz, Kastrati, Rev Esp Cardiol. 

2015;68(10):827–829

Geisler T, Eur Heart J. 

2010;31(1):59-66.

Balancing ischaemic

versus bleeding risk: 

Clinical / Genetic Risk 

Factors (Scores)

Biomarkers (hsTNT, 

hsCRP, other?)

Vessel Disease in 

multiple locations,

CAD+PAD, heart failure

Stable Phase- Minimum 

Duration of DAPT, stent

associated risk

1 month BMS/DCS

6 months  DES

12 months  ACS

? months  BVS

Different focus on platelet targeted strategies according to 

time

???? ?
Patient selection (enrichment of risk

factors to reduce NNT, economic

reasons), identification of most

suitable concept (antiplatelet, -

coagulation, -inflammatory, -lipid)



Vielen Dank für die Aufmerksamkeit


