Central Sleep Apnea
after Acute Coronary Syndrome (ACS)
in Patients Receiving Ticagrelor

A Monocentric prospective Survey
Ongoing study, Preliminary Results (last data analysis on january 11,2020)

Ph Meurin
Les Grands Prés, Villeneuve Saint Denis 77174
Cabinet de Cardiologie, Noisy le Grand, 93160

ClinicalTrials.gov ID: NCT03540459



Objective of the Survey:

CSA Prevalence after Acute Coronary Syndrom
In patients taking or not taking Ticagrelor

* Inclusion Criteria
» All consecutive patients referred to our cardiac rehabilitation center within one year after ACS are screened

e Exclusion criteria
Patient refusal

Heart failure (at any time)
LVEF < 45%, sPAP > 45 mm Hg
Already treated OSA or CSA

* All patients undergo
* Overnight sleep study with a Nox T3 sleep monitor (polygraphy)
* Echocardiography
* Exercise test

* Population size

* |Initially 100 patients: 80 Ticagrelor , 20 not taking ticagrelor

* then since december 2019 the survey is going on but we include only patients not taking ticagrelor in order to have a
control group of 40 patients



Main endpoint of the study : the AHI: Apnea Hypopnea Index
Sleep Disordered Breathing = Apnea + Hypopnea

« Apnea: absence of inspiratory  Hypopnea : decrease of inspiratory airflow (> 50% or < 50%
airflow for at least 10 seconds + drop in 02 saturation) for at least 10 seconds
10 s
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Polygraphy Main Diagnostic Criteria : AHI: Apnea Hypopnea Index

Apnea Hypopnea Index =
Number of Apneas per hour + Number of Hypopneas
per hours of sleep

Polysomnography

Normal AHI < 5/h
Mild SDB: AHI < 15
Moderate SDB: AHI 15-30
Severe SDB: AHI > 30

And / or




Patients Classification According to
Polygraphy results

* Main Endpoint: AHI (Apnea Hypopnea Index)
 Number of apneas and hypopneas per hour of analysis of time

e Patients were classified in
e « normal »: AHI < 15

» Sleep Disordered Breathing patients: AHI > 15
* « CSA patients »: AHI > 15 with a majority of central apneas
e « OSA patients »: AHI > 15 with a majority obstructive apneas



Results






Population Characteristics

Age (years) 56 + 10

Gender (male) 84%

Delay ACS-polygraphy (days) 68 + 62 (7-350)
BMI (kg/m2) 28,3 +4,4
LVEF (%) 56 + 4 %
Rest Heart rate 65 + 9
Exercice capacity (Watts) 126 + 41
Beta blockers 90%

ACEI 77%
Statins 99%
Sedative drugs 7%
Aspirin 99%
Clopidogrel 16,5%
Prasugrel 5,5%

Ticagrelor 74% (n = 80)



Main endpoint

(preliminary results)

% of « CSA patients » (aHI>15 and majority of csA) iN patients receiving ticagrelor
(Tica group, n = 80)
Versus
% of « CSA patients » in patients not receiving ticagrelor
(Control Group, n = 28)



Central Sleep Apnea (AHI > 15) rate:
Ticagrelor vs No Ticagrelor Patients

Apres avoir enlevé champagne ou kalali car avant janvier 2018 et rajouté balane
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A real safety signal



Plan

1°) Our Survey
2°)Sleep Disordered Breathing, what are we talking About ?

3°) Natural Course of Sleep Disordered Breathing After ACS

4°) How to Assess the Causal Relationship Between Ticagrelor and

Central Sleep Apnea ?

* Imputabily determination methods
* Possible mechanism: How could Ticagrelor promote CSA ?

* Medical publications



Prevalence

Mechanism

Causes

Prognosis

Treatment

2 Main Types of SDB

Obstructive
OSA

Very frequent
> 5% Of Adults, 30% of
cardiac patients

Upperway obstruction by the
fall of the tongue

Obesity
Retrognathia

1-Severe CV consequences
-CV death x 3
2-unrefreshing sleep
-Daytime sleepiness, car
accidents...

CPAP continuous positive
airway pressure

Central
CSA

rare

Lack of inspiration
trigger

by the pacemaker in
the brain

Heart Failure +++
Brain disease
Drugs (opioids,
baclofene...)

Less severe CV
consequences ?

Depend on the cause

CPAP/ASV
(adaptative servo

\

-Ventilation overshoot elicits sufficient hypocapnia

to cause apnea

-Apnea persists until PaCO2 rises above
the apneic threshold

-And so on and so forth
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Cheyne Stokes Breathing

A Typical Cheyne-Stokes Respiration B Modification in Cheyne-Stokes Respiration

Electroencephalogram 1
Electroencephalogram 2

Electrooculogram
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Natural Course of Sleep Disordered Breathing
after ACS without Ticagrelor.

e What we know

e 25-50% of patients have an AHI > to 15 about 2 weeks after ACS, BUT:

* Most of the sudies do not differentiate between OSA (obstructive sleep apnea) and CSA
(central sleep apnea)

» Left ventricular dysfunction are not excluded in most of the studies
 Artificially increasing CSA prevalence

* OSA is frequent in CAD patients, whatever the stage, with or without recent ACS

e What we don’t know

* CSA prevalence in patients after ACS without Left ventricular dysfunction and/or
heart failure

* The background noise of 10 % observed in our survey in the control
group seems to be credible
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Causality assessment methods
of an adverse drug reaction
IMPUTABILITY



French Method

e Chronology:
* Delay after drug introduction
 evolution after drug withdrawal,
* rechallenge
 Extrinsic Imputability
* Well reported cases
* Mechanism
* Possible mechanism
e Other explanation (drugs)
» Test proving the causality



Possible Mechanism (s)

How could Ticagrelor promote CSA ?
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At least 2 possible mechanisms
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1 Adenosine-induced increases in coronary
blood flow (dogs and humans)

T Endothelial function (ACS patients)

T Vasodilation
1 Endothelial progenitor cell migration

| Incidence of MACE (ACS patients)

| CV and all cause mortality (ACS patients)

1 Incidence of ventricular pauses (ACS patients)
| Infarct size (animal models)

| Ischemial/reperfusion injury
Induces pharmacological preconditioning

| Electrical conduction

2
1 Adenosine-induced platelet inhibition (in vitro) _?_L" p

| Mortality (ACS patients with pulmonary
infection)

1 Platelet inhibition
Modulates inflammation

T Creatinine levels (ACS patients)

| Glomerular filtration

1 Incidence of dyspnea (ACS patients)
1 Adenosine-induced dyspnea (healthy subjects)

1 Incidence of dyspnea



Chronology
and Well Reported Cases



Medical Publications and Evolution after Drug Withdrawal and Reintroduction

published CSA CSA improvement Recurrence after drug
patients after drug withdrawal | reintroduction

Giannoni Yes (N =1)

N Engl J Med 2016 NA (N = 3)

Puel V N=2 Yes (N = 2) Yes N =2
Br J Clin Pharmacol

2019

Kado J N=1 Yes (N=1) NA
Sleep 2018

Paboeuf C N=1 Yes (N =1) YesN=1

J Clin Sleep Med 2019

Revol * N =28 NA NA

J Am Coll Cardiol 2018 (OSA or CSA ?)
*World Health Organisation database (Vigibase) Analysis

TOTAL N=8 (+28) Yes: N=5/5 Yes N =3/3

After our Survey N=8+25=33 Yes: N =5/5 YesN=3/3
TOTAL (£ 28)



Canadian Imputability Score determination: Naranjo CAetal. Clin Pharmacol Ther 1981
score £ 0 : dobtful 1 < score £4 : possible ° 5 < score < 8 : probable ° score > 9 : sure

Do not
‘ Yes No ‘ ‘ Score
Know
1. Are there previous conclusive reports on this reaction? +1 0 0 \ 1
Did the adverse event appear after the suspected drug was 5
2. _ +2 -1 0 ' 2
administered? !
3 Did the adverse reaction improve when the drug was +1 0 0 : 1
" discontinued or a specific antagonist was administered? :
a. Did tluf rildverse reaction reappear when the drug was +2 1 0 ! 5
readministered? ’
. Are there alternative causes (other than the drug) that could on 1 +2 0 '

" their own have caused the reaction? \ 0
6. Did the reaction reappear when a placebo was given? -1 +1 0 : 0
Was the drug detected in the blood (or other fluids) in :

7. . . +1 0 0 .0
concentrations known to be toxic? )

8 Was the reaction more severe when the dose was increased, or +1 0 0 :
"~ less severe when the dose was decreased? ' 0
9 Did the patient have a similar reaction to the same or similar +1 0 0 \ 0
; drugs in any previous exposure? :
10. Was the adverse event confirmed by any objective evidence? +1 0 0 ; 1 7




Conclusion (1)

* Possible/probable causal relationship between Ticagrelor
and CSA

 Severity of this adverse effect is unknown

e But as (1) it seems to be frequent but (2) does not undermine the
results of big mortality studies (PLATO)

* This suggests a modest severity of this side effect

* Our survey
e Adds a large number of cases (from 8 to 33)

* Seems to show a statistical correlation between the drug
administering and the adverse drug reaction

* But it has many limits



Conclusion (2)

* Should we stop Ticagrelor in these patients ?

* In my opinion the answer is no in most patients because:
* This side effect does not seem to be severe (?)

Dear Dr. Meurin,

[ am a Medical Officer at the United States Food and Drug Administration (FDA)

and [ monitor postmarketing adverse event safety reports associated with ticagrelor, prasugrel, and clopidogrel.

[ read with interest your publication “Central sleep apnea syndrome prevalence is high early after an acute coronary
Syndrome without heart failure or left ventricular dysfunction” and would like to obtain additional information
regarding the cases of sleep apnea in your study.

a larger multicentric survey in which could at least:
* Assess it’s incidence in a larger population
* Assess it’s evolution at 1 and 6 and 12 months
* Relationship with ticagrelor induced dyspnea



Backup slides



sleep disordered breathing early after ACS(1)

* Meta analysis of 32 studies including 3360 patients

SDB WITHIN 14 DAYS AFTER MI
(1 DAY TO 3 MONTHS)

(OSA + CSA)

80%

69%

70%

60%

50%

43%

40%

30%

25%

20%

10%

0%
AHI >5 AHI > 15 AHI > 30

Huang Z et al. Sleep Breath 2017; 21: 217-26



natural course of sleep disordered breathing ACS (2)

» 15 days after Ml, 52% of the patients (n = 92)

Had significant SDB (AHI > 15)
* % 53% OSA, 47% CSA

» After 2 months, CSA decreases a little, OSA
doesn’t decrease * Flaws of the Study

e Patients with low LVEF not
excluded

* Artificially increasing CSA
* Only 54 patients had a precise
sleep study
Allowing to differentiate CSA and OSA

35

30

25
20
o ’
y )
0
CSA OSA

B 15 days after ACS  m 60days after ACS
Hayashi H et al. J Nippon Med Sch 2013; 80: 3

(6]




Ticagrelor vs No Ticagrelor Patients
(preliminary results 104 patients)

Ticagrelor No ticagrelor
N =80 N=24

55,6 57,0

gender 85 80 0,5
BMI 28 30 0,07
LVEF 56,4 54,9 0,18
BNP 97 154 0,3
Ex Capacity 129 109 0,08
Delay ACS- 68 69 0,9
polygraphy

Diabetes 19 21 0,8
High BP 28,7 53 0,04

smokers 45 42 0,8



CSA with AHI > 15 Others
N =28 N=72

Gender

BMI

Delay SCA-
polygraphy
LVEF

BNP

Exercice capacity
Sedative drugs
Diabetes

AHI

Apnea index
Cheynes stokes

Ticagrelor

61,6
96,4
28,8
71

55,7
117

133
10,7
28,6
33,4
15,8
127 min
89,3%

53,8
79,2
28,2
67

56,3
108
123
5,6
15,5
14,4
6,6

56 min
76,4%

0,0003
0,03
0,6

0,7

0,6

0,8

0,3

0,4

0,14
<0,0001
0,001
<0,0001
0,15



Consequences of sleep apnea
(more pronounced in OSA)

 Arterial blood gas abnormalities with intermittent hypoxemia —
reoxygenation and fluctuations in PCO2

* Coronary artey disease...

e Excessive arousals
* Unrefreshing sleep, daytime sleepiness, car accidents...

* Increased sympathetic activity
* High Blood Pressure, Stroke, Atrial fibrillation, Coronary artery disease...

* Intrathoracic pressure swings
 Atrial fibrillation ?



OSA: cardiovascular death x 3
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OSA mechanism

=complete upper airway occlusion in the face of continued activity of inspiratory
thoracic pump muscles

Upper airway obstruction due to fall of the tongue backward during deep sleep and REM (« paradoxal » sleep)



Central Apnea Mechanism

Upper airway is fully open but there is no brain trigger to initiate respiration movement
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