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INTRODUCTION:

DM AND CV DISEASE
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ESTIMATED GROWTH-IN TYPE 2 DIABETES
AND US POPULATION FROM 2000-2050
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EFFECT OF ANTIPLATELET THERAPY IN REDUCING
VASCULAR EVENTS IN DIABETIC PATIENTS
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Benefit/1000 pts (SD): 36 (3) 38 (12)
2P: <0.00001 <0.002
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CURE: OUTCOM
/

ES IN VARIOUS SUBG S

Percentage of Patients with Event

No. of Clopidogrel Placebo

Characteristic Patients + ASA + ASA
——

Associated Ml 3283 11.3 13. —
No associated Ml 9279 8.6 10.6 ——
Male sex 7726 9.1 11.9 — i
Female sex 4836 9.5 10.7 e
<65 yr old 6354 5.4 7.6 —
> 65 yr old 6208 13.3 15.3 . —
ST-segment deviation 6275 11.5 14.3 —_——
No ST-segment deviation 6287 7.0 8.6
Enzymes elevated at entry 3176 10.7 13.0
Enzvmes not elevated at entry 9386 8.8 10.9

Low risk 4187
Intermediate risk 4185
High risk 4184
History of revascularization 2246
No history of revascularization 10316
Revascularization after randomization 4577
No revascularization after randomization 7985

5.1
6.5
16.3

8.4
9.5

11.5
8.1

6.7
9.4
18.0

14.4
10.7

(RCRY)
10.0

Yusuf S et al. N Engl J Med. 2001,345:494-502.
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DM AND ALL-CAUSE MORTALITY THROUGH-1
YEAR AFTER ACS

Diabetes Subgroup Analysis STEMI UA/STEMI
11 TIMI Trials, >62,000 pts T :
10,613 diabetics (17.1%) DlElgEiEs DIEIEES
No Diabetes = ======= No Diabetes
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No. at Risk Days after ACS
STEMI
Diabetes 7156 6508 2947 2653 2118 1610
No diabetes 39421 37136 16685 15274 12276 9351
UA/NSTEMI
Diabetes 3457 3313 VASYAC 2339 1317 924
No diabetes 12002 11658 10505 8191 5141 4008
Donahoe SM et al. JAMA. 2007;298:765-75 ||I|| Eoeslg)\lftgl e




DM IN DES-ERA: PREDICTOR OF

— STENT THROMBOSIS AT 1 YEAR
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PLATELET ABNORMALITIES

IN DIABETES MELLITUS
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MECHANISMS INVOLVED IN PLATELEF
DYSFUNCTION IN DIABETES MELLITUS

Hyperglycemia ‘ Deficient Insulin | Associated | Other Cellular 1
| Action Metabolic Abnormalities
Conditions i
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ACP=adenosine disphosphate; GP=glycoprotein; IRS-1=insulin receptor substrate-1; NO=nitric oxide; PGl,=prostacyclin; PKC= protein kinase C; TF=tissue factor.
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Diabetes and Coronary Artery Disease:
Do all patients carry the same risk?
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HPPR ACCORDING TO RENAL FUNCTION IN DM PATIENTS-ON
ASPIRIN + CLOPIDOGRELE—THERAPY

50 unadj. OR 2.1, p =0.007  unadj. OR 1.8, p=0.043  unadj. OR, 2.6, p = 0.004
45 adj.* OR 3.8, p = 0.001 adj.* OR 2.4, p = 0.029 adj.* OR 3.3; p = 0.01
40
35 moderate/severe CKD
30 normal/mild CKD
S 25
20
15
10
)
0 35,7 20,8 33,3 22,1 23,8 10,8
HPPR-ADP HPPR-COLL HPPR-ADP+COLL
Yes No p Yes No p Yes No p
Antifibrinogen  37+20 27+19 < 0.001 37+20 28+20 0.001 40+19 28+20 <0.001
PAC-1 49+19 34+20 < 0.001 44+19 36121 0.004 48+19 36+20 <0.001
P-selectin 44+18 31+18 < 0.001 37+19 33+19 0.19 43119 33#19 0.001
|D|BE'—'—(4@ Angiolillo DJ et al. J Am Coll Cardiol. 2010;55:1139-46 ||I|| Eoeslg)\ﬁgl ge




GENETIC DETERMINANTS OF HPR IN DM

Genetic profiling for the insulin receptor substrate (IRS-1)

97% of genetic variance

rs9so0l1l1s>

40
((y) 100 - Max ADP 20 HM aggregation > 64% i‘i = carriers 30.6% vs 114%,
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ANTIPLATELET THERAPIES:

LIMITATIONS
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CURRENTLY AVAILABLE ANTIPLATELET AGENTS

P2Y,, INHIBITORS

Ticlopidine
XA INHI.B.ITORS Clopidogrel ADP »
Aspirin i / "'b/},

v Ticagrelor
<F

P, ——
3 C

€

Intracellular signaling

&
GP VI GP Ib/IX/V O 3
GP IIB/IIIA INHIBITO LT[
Abciximab ?
Tirofiban S - P . P
Eptifibatide | fibrinogen pGE
DiBELL Ferreiro JL et al. 2012 [in press] ||I|| E&IB@ ge



NOVEL AGENTS UNDER DEVELOPMENT

P2Y,, INHIBITORS PAR-1 INHIBITORS

Cangrelor Vorapaxar
TxA; INHIBITORS Elinogrel ADP Atopaxar
TP inhibitors

»
£
Picotamide )4 '776/},
Ridogrel ald
2N

Ramatroban
Terutroban
EV-077

Intracellular signaling

GP VI GP Ib/IXIV 1\

PIP3K inhibitors ]>5HT2A antagonists
TGX-221 APD791

P2Y, inhibitors

fibrinogen

GP Ib antagonists MRS2179
ey i MRS2500
GP VI antagonists EP antagonists
Kistomin DG-041
Revacept
Ferreiro JL et al. 2012 [in press] ||I|| E&IL\% ge



AVAILABLE ANTIPLATELET AGENTS

»Oral agents: Acute and Chronic treatment
< Aspirin
<+ P2Y, Inhibitors: Clopidogrel, Prasugrel, Ticagrelor

e
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DIFFERENT DOSES-OF ASPIRIN VS CONTROL

Daily Dose Aspirin  Control Reduction
Asp 500-1500 145% 172% | 1993
Asp 160-325 11.5% 14.8% [ 260643
— Asp 75-150 11.0% 15.2% - 32%z+6
Asp <75 17.3% 19.4% 13%4+8
Any aspirin 12.9% 16.1% <> 23%=2

i (2P<0.00001)

0.0 0.5 1.0 1.5 2.0

Al Belvitge
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ASPIRIN EFFICAC M VS NON-DM P TS

/

100

LTA

p<0.05
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% Platelet aggregation

N
o

DM Non-DM

Angiolillo DJ et al. Diabetes. 2005; 54:2430-5

% Patients CEPI-CT<300 sec

PFA-100

100
80 p<0.01
60
40

20

DL\ Non-DM

Angiolillo DJ et al. Am J Cardiol. 2006; 97:38-43
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CIRCADIAN RELEASE OF PLATELETS INFO
BLOODSTREAM FROM BONE MARROW

Impact of a single daily dose of aspirin on newly generated platelets in type 2 DM

Increased platelet turnover in type 2 DM: Benefit of twice daily dosing?

DIBELLYSD Capodanno D et al. Circ Cardiovasc Interv. 2011;4:180-7. ||I|| Eell\éitlge
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ASPIRIN + CLOPIDOGREL IN DM PATIENTS

\
(Overall)

Scenario

9.3% vs. 11.4% 14.2% vs. 16.7%
UA/NSTEMI
RR = 0.80 [0.72-0.90] RR = 0.84 [0.70-1.02]

CURE patients 4.5% vs. 6.4% 12.9% vs. 16.5%

PCI-CURE :
undergoing PCI RR = 0.70 [0.50-0.97] RR = 0.77 [0.48-1.22]

8.5% vs. 11.5% % NR
Elective PCI
RRR = 26.9% [3.9%-44.4%)] RRR =11.2 [(-46.8)-46.2]

Acute MI (93% 9.2% vs. 10.1%
COMMIT | .

STEMI) OR = 0.91 [0.86-0.97]

STEMI with 15.0% vs. 21.7%

CLARITY . :
LTI OR = 0.64 [0.53-0.76]

CLARITY patients 3.6% vs. 6.2% 6.0% vs. 10.1%

PCI-CLARITY _
undergoing PCI OR = 0.54 [0.35-0.85] OR = 0.61 {0.24-1.53]

“?[EEh'—d% Adapted from Ferreiro JL et al. Circulation. 2011; 123:798-813 ||I|| Eoeslg)\égl ge



CLOPIDOGREL: VARIABILITY IN RESPONSE

1 Ischemic risk

Al
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INFLUENCE OF DM_ON CLOPIDOGREL EEFECTS

Acute Phase of Treatment

DM No-DM
P=0.04

24 hrs post 300 mg LD

Non-responders
(Platelet inhibition <10%)

B Low responders
(Platelet inhibition 10-29%)

il Responders
(Platelet inhibition >30%)

IDIBELL%

\\\\\\\\\

Angiolillo DJ et al. Diabetes. 2005;54:2430-5.
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Platelet aggregation (%)

Long-term Phase of Treatment

P=0.002

P<0.0001
DM No DM DM No DM
ADP 20uM ADP 6uM

Angiolillo DJ et al. J Am Coll Cardiol. 2006;48:298-304.
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PLATELET FUNCTION ACCORDING TO TREATMENT
e ADP 20uM

p<0.0001
0<0.0001

60 | T

50 | 1

40 |

30 |

20 |

% Platelet aggregation (LTA)

10 |

NDM NIDDM IDDM NDM NIDDM IDDM
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HIGH PLATELET REACTIVITY AND MACE-HN DM

MACE (CV death, STEMI, UA/NSTEMI, stroke)

100%7j
- ) 86.8%
¢ 80
2
55) 62.2%
o 607
~
" Log Rank, p = 0.0002 >62% HPR (n=45)
é 40 <62% non-HPR (n=128)
'-'\j ROC defined cut-off value
20
HR: 3.35; 95% CI, 1.68-6.66; p= 0.001
0 . . . |
0 §) 12 18 24
Months
iDIBELLYD Angiolillo DJ et al. 3 Am Coll Cardiol. 2007;50:1541-7 |I|| Be”VIt e
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UPREGULATION-OF P2Y,, SIGNALING-IN'DM

Absolute differences in PRI before and after incubation of clopidogrel active metabolite

80 7] —.—DM col e non_DM p:0002
.'i
60 -
=
o
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< ANCOVA; p=0.014
20 - (adjusted for baseline PRI values
and obesity)
0)
1 3 10
Concentrations (uM)
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APPROVED ANTIPLATELET AGENTS

»Intravenous agents: Acute phase of treatment
< GP lIb/Illa Inhibitors
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- GPliB/lliA BLOCKADE AND DIABETES™

M Placebo @ Glycoprotein llb/Illa

57 57
—~ ~ 4
2 Py
5 S
o o
- >
§ c
> =
—i —i
: : 0 : )
Diabetes No diabetes Diabetes No diabetes
EPISTENT Trial* ESPRIT Trial
(abciximab) (eptifibatide)
*Stent arms only
IDIBELLS - - . ; ; Be”VIt e
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META-ANALYSIS GP IIB/IIIA INHIBITORS:
DM PATIENTS WITH NSTEACS

OR with 95% Cls and corresponding P values for treatment effect
on 30-day mortality among diabetic patients with ACS (n=6548)

In diabetic patients (n=1279) undergoing PCI during index
hospitalization, the GPI use was associated with a moertality
reduction at 30 days from 4.0% to 1.2% (OR' 0.30; 95% ClI
0.14 to 0.69; P=0.002; NNT=36).

PARAGON A 412 = B 6.2 4.6
PARAGONB 1157 ;h P=0.93 4.8 4.9
ooed 6458 S eowr| sz 45
0 0.5 1 15 2
lIb/llla Better Placebo Better
Breslow-Day: P=0.50
iDiBeLLS Roffi M et al. Circulation. 2001:104:2767-71. ||||| E‘(?S'L‘ﬁgﬁ g€




ACUITY DIABETIC SUBSTUDY—

Heparin* + GP llIb/llla vs Bivalirudin alone

| ] Heparin + lib/llla (n=1298) B Bivalirudin alone (n=1287)
| P=002 | | P=039 | | P=0.0002
13.7%
10.8%

8.8%

7.8%

7.1%

30-day events (%)

3.7%

| |
Net clinical Composite Major bleeding
outcome iIschemia (non-CABG)

* Heparin = unfractionated or enoxaparin

Institut d'Investigacié Biomedica de Bellvitge
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NOVEL AND FUTURE

OPTIONS
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STRATEGIES TO OPTIMIZE ASPIRIN-—
INHIBITION IN PATIENTS WITH DM

»|ncrease aspirin dosing

iDIBELLYD ||I|| Be”VIt e
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INCREASING ASPIRIN-DOSAGE-IN'DM

B 81mg ASA
0162mg ASA
H 325mg ASA

(]
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411
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=
m
o
o
o

a
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—
=

Diabetic NMon-Diabetic

Urinary Thromboxane (pg 11dhTxB2/mg creatinine)

iDIBELLYD DiChiara J et al. Diabetes. 2007:56:3014-9. |I|| Bellvitge
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STRATEGIES TO OPTIMIZE ASPIRIN-
INHIBITION IN PATIENTS WITH DM

»Modifying dosing regimen
(e.g. twice daily dosing)

>

iDIBELLYD ||I|| Be”VIt e
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IMPACT OF ON s. TWICE DAILY N
DOSING ON PLATELET REACTIVITY

LTA —collagen (2ug/mL) VerifyNow ASA

100
P=0.02 900 P=0.02

80 _ P=0006 _ P=NS 0 P =0.046 P=NS

600

60

%

2
@ 450
<
40
300

20
150

8lmg/qd  81mg/bid  162mg/bid 8lmg/qd  81mg/bid  162mg/bid

Capodanno D et al. Circ Cardiovasc Interv. 2011;4:180-7. ||I|| Ee”\/tlt| ge
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STRATEGIES TO OPTIMIZE ASPIRIN-
INHIBITION IN PATIENTS WITH DM

»Using new agents
(not yet available)

iDIBELLYD ||I|| Be”VIt e
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NOVEL AGENTS UNDER DEVELOPMENT

P2Y,, INHIBITORS PAR-1 INHIBITORS

Cangrelor Vorapaxar
TXA, INHIBITORS Elinogrel ADP Atopaxar

TP inhibitors .
Picotamide / ’)’6/},
Ridogrel 4

<
Ramatroban
Terutroban
EV-077

Intracellular signaling

GP VI GP Ib/IX/V

PIP3K inhibitors ];HTZA antagonists
TGX-221 APD791

P2Y, inhibitors

fibrinogen

GP Ib antagonists MRS2179
SRR i MRS2500
GP VI antagonists EP antagonists
Kistomin DG-041
Revacept
. o Bellvitge
Ferreiro JL et al. 2012 [in press] | | i—iospital



STRATEGIES TO ENHANCE P2Y,,
INHIBITION IN PATIENTS WITH DM

»|ncrease clopidogrel dosing
(e.g. 150 mg maintenance dosing)

>
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HIGH CLOPIDOGREL MAINTENANCE DOSING IN
POOR-RESPONDERS DM

PATIENTS WITH SUBOPTIMAL CLOPIDOGREL RESPONSE

VerifyNow P2Y,, substudy

%IPA PRU

~ 2 250 5
S 60 5 g H
S ‘Only ~40% of patlents reach therapeutic target!
O
< 40 fU 150 - =
= ‘ Di O l
% > 100 g
S 920 o
- 50

0 0

75 mg 150 mg /5 mg 150 mg

'D'BE'—'—(“@ Angiolillo DJ et al. Circulation. 2007;115:708-16. ||I|| Eoeg!)\ﬁgl g€




STRATEGIES TO ENHANCE P2Y,, —
INHIBITION IN PATIENTS WITH DM

»Adding agents that modulate intraplatelet cAMP
(e.g. triple therapy: ASA + clopidogrel + cilostazol)

>

iDIBELLYD ||I|| Be”VIt e
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P2Y 5, INHIBITORS

DIRECT ACTING PRO-DRUGS

@ icagrelor Cangrelor| IPrasugrel ClopidogrelI

| Intestinal Absorption | | Intestinal Absorption |

inactive
[N R

Hepatic Hepatic
CYP Metabolism CYP Metabolism

active Hepatic
metabolite CYP Metabolism

Extraceliular @I ﬁ
Intraceliular [ EJ WL 5

P2X,
Ca?+flux

Shape change
A

Granule secretion Ca2+*mobilization

Platelet activation Platelet activation

i

Initiation of Platelet Aggregation

l

v
Platelet activation— Stabilization of Platelet Aggregation

DiseLLy JACC Interv 2011 Al E&'L‘ﬁg ge



ADJUNCTIVE CILOSTAZOL THERAPY IN
DM PATIENTS ON DAPT

VerifyNow P2Y,, assay

P2Y,, inhibition PRU
=0.002 T
%04 p:OOOO]. 260 p=1.
240 - T
& 220 1
70 200 -
ol 180 -
160 -
50_ 140_
il 1201
100 -
30 - %
20 1 60 -
g
10 - 20_
CILOSTAZOL PLACEBO : CILOSTAZOL PLACEBO
'D'BE'—'—% Angiolillo DJ et al. Eur Heart Journal. 2008; 29:2202-11 ||I|| E&IL\% ge




ADJUNCTIVE CILOSTAZOL IN PATIENTS ON-DAPT

P2Y12 Reactivity Index (PRI)

100 - OCilostazol TDPlacebo

80 - p<0.0001 p<0.0001

o ] 1 |

20 -
0
Diabetics Non Diabetics
*p between 4=0.039
|D|BE'—'—(4@ Angiolillo DJ et al. Thromb Haemost. 2011;106(2) ||I|| Eoeslgj\ﬁgl ge




STRATEGIES TO ENHANCE P2Y,, —
INHIBITION IN PATIENTS WITH DM

»Using more potent P2Y ;, inhibitors

(e.g. prasugrel, ticagrelor, cangrelor, elinogrel)

iDIBELLYD ||I|| Be”VIt e
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MECHANISM OF ACTION OF

— THIENOPYRIDINES

Hydrolysis by
Variable proportion of prodrug esterases
metabolized to active drug by
cytochrome P450

Irreversible,
covalent binding to
P2Y , receptor

Inactive metabolites
elimination by
urine/feces Platelets require replacement for return to activity

Al Belvitae



IMPACT OF PRASUGREL IN PLATELET

Institut d'Investigacié Biomedica de Bellvitge

FUNCTION IN DM PATIENTS

Prasugrel (standard dose) vs Clopidogrel (high dose) in DM patients

e
S
S
<
<
K

N
—
>

3\
_
P
>

Ty
/

*%%0<0.0001

'

No study drug
Hours post LD (7 days)

—@— prasugrel 60 mg LD/10 mg MD
—#— clopidogrel 600 mg LD/150 mg MD

Similar findings obtained with MPA to 5 and 20 uM ADP, VASP PRI, and Verify Now® PRU

||||| Bellvitge

Angiolillo DJ et al. Eur Heart J. 2011; 32: 838-46.
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PRASUGREL AND POOR RESPONSIVENESS

Poor responder analyses at: A) 4 h post LD ; B) 24 h post LD; and C) 7 days post MD

p<0.0001
p<0.0001 82.9

62.9

p<0.0001

788 p<0.0001

71.4

[0}
o

p<0.0001 p<0.0001

54.3
p<0.0001 SLo

I
o

35.3

Poor Responder Rate
at 24 Hours Post LD (%)
(o2}
o

Poor Responder Rate
at 4 Hours post LD (%)

N
o

0/34 22/35 1/32 24/34 0/32 12/34 0/34 29/35 0 0/34 19/35 0/30 26/33 0/30 17/33 0/33 25/35
PRU > 235 MPA>50% ”’\I\/ ANnL DDINEN0A PP S nf35 MPA>50% IPAS 20% PR|>50%

p<0.0001
47.1

at 7 Days (%)

I prasugrel 60 mg LD/10 mg MD
I clopidogrel 600 mg LD/150 mg MD

Poor Responder Rate

1/35 10/34 7/33 18/34 1/33 8/34 3/34 16/34
PRU>235 MPA>50% |IPA<20% PRI>50%

|D|§E§Lq@ Angiolillo DJ et al. Eur Heart J. 2011; 32: 838-46. ||I|| Egsl!a\ﬁg ge



RASUGREL
e DM AND P

18 -
16 (n:3146) CIOpidogre!_J____.-- ........ 17.0
CV Death/MI/Stroke T

14 1 ...--._....""“"-
. 12- 12.2
E’\i o~ o
= 10 Prasugrel HR 0.70
[ P<0.001
o 8 -
= _
5 _ NNT=21

67;
44 TIMI Major Clopidogrel
Non-CABG Bleeds pIaog 2.6
? e SRR Prasugrel 2.5
O 1 | 1 1 | | 1 | 1 | 1 | 1 1 |
0O 30 60 90 180 270 360 450
BEVE]
iDIBELL Wiviott SD et al. Circulation 2008:118:1626—36. ||||| Bellvitge
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- — TICAGRELOR METABOLISM —

Rapid intestinal
absorption

Hepatic metabolism
not required for
activity

1

Reversibly binds to P2Y,,
receptor

Adapted from Husted S et al. Cardiovasc Ther. 2009;27:259-274. ||I|| Eoesli!)vtg ge
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DM AND THCAGRELOR

CV death, MI, stroke Major Bleeding

s

w

§ g
i :
g 8
£ g

120 180 210 120 180 240
' f
Number atrisk Days after randomization Days after randomization
1M - —_— ae . =2 4

— Ticagrelor 2326 3 1959 1593 195 553 k 3

133% 8 2049 1948 1604 1780 564 1212
6251 $143 3955 3191 o 1962
6153 5044 = === Chpldcgrel 6370 5543 N 97
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NEW DRUGS/APPROACHES IN-DM

Study % of Events Hazard Ratio (95% confidence interval)
Standard New Drug/Approach

TRITON-TIMI 38 17.0 12.2 —B— 0.70 (0.58 — 0.85)

PLATO 16.2 14.1 —B— 0.88 (0.76 — 1.03)

CURRENT OASIS 7 5.6 4.9 = 0.87 (0.66 — 1.15)

(PCI Cohort) b

0) 0.5 1 1.5
New Drug/Approach Standard Clopidogrel
Better Better
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CONCLUSIONS
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~— Does one size fit all??

/( individualized ]
i% . therapy
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BALANCING ISCHEMIA / BLEEDING

High risk of
bleeding events

High risk of

Ischemic events Sweet spot

t

aeven

Risk of

Inhibition of platelet aggregation
Ischemic risk ~ .« Bleeding risk
DIBELLYD Ferreiro JL et al. Thromb Haemost 2010;103:1128-35. ||I|| Eoeslga\@lge




ABCs OF TREATMENT OF DIABEHC
PATIENTS AND IMPACT ON THROMBOSIS

A A1C (blood glucose): <7% )

B Blood pressure: <130/80 mm Hg > l ‘ Platelet Reactivity

C Cholesterol-LDL: <70 mg/dl _/
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CONCLUSIONS

» DM is a predictor of worse outcomes in ACS

» Abnormalities in DM platelets (dysfunctional):
Increased platelet reactivity

reduced responsiveness to antiplatelet agents

» Increased platelet reactivity and reduced responsiveness to
standard DAPT (aspirin plus clopidogrel) are associated
with atherothrombotic risk

» Control of “ABC” improves platelet function profiles

» Specific (“tailored”) drug regimens in DM patients are
warranted

» Novel and more potent antiplatelet agents may improve
blockade of the diabetic platelet
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Interventional Cardiology Unit Cardiovascular Research Lab
= Dr. Joan Antoni Gbmez-Hospital = Dr. José Luis Ferreiro
= Dr. Gerard Roura = Dra. Silvia Homs
= Dr. Francesc Jara = Sra. Gabriela Sosa
= Dr. Luis Teruel = Sra. Paula Camprecios
= Dr. Josep Goémez-Lara = Sra. Laia Rosenfeld
= Dra. Silvia Homs = Sra. Olga Canavate
= Dr. Guillermo Sanchez-Elvira = Sra. Sonia Garcia
= Dr. Daniel Rivero = Dr. Francisco Fernandez

= Dr. Kristian Rivera

Heart Diseases Institute. Director: Dr. Angel Cequier

iDIBELLYD ||I|| E{%!}\ég ge



THANKS FOR YOUR ATTENTION
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