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“Women” are like “Small Men”?: No definitely
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Women are Just More Complicated Than Men
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CVD Death Trends in the United States
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Women vs. Men Have Poorer Outcomes

Angina
~2x T morbidity/mortality

, MI * SN CABG
L ~1.5x T 1-year mortality L ~2x T morbidity/mortality

Heart failure
~2x T incidence

Under-diagnosed
Under-treated by procedure & medication

NG National _ _ _
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Pattern of CAD: Men vs. Women

TYPICAL ANGIOGRAM

Male-pattern
Obstructive CAD

Mnnespolis Heast Institute and Fourdation
Larger vessels stand out while
smaller ones, because of their

Female-pattern e e s
Microvascular

Coronary W
Disease
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Mmneapolis Heart Institate and Foundation
Cther imaging techniques used on
hearts removed from the body reveal
the vast network of vessals unseen
by the angiogram. This image shows
the microvessels in a pig's heart.
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Specific Features of CAD in Women

Coronary angiography

Higher overall prevalence of
coronary artery anomalies (>
LAD/LCx originating from separate
ostia, < myocardial bridge)

Higher prevalence of normal
coronary arteries

Less severe coronary artery
disease

Fractional flow reserve (FFR)

Higher FFR values

Lower proportion of
hemodynamically significant
stenoses (i.e., FFR<0.80)

¢ Gyeongsang National
»/ University Hospital

Intravascular ultrasound (IVUS)

More focal pattern of atherosclerosis (i.e.,
smaller number of non-culprit plaques,
shorter lesions)

Smaller plaque plus media area, smaller
plaque volume and plaque burden

Smaller volumes of necrotic core, fibrous
tissue, fibro-fatty tissue and calcium (*)

Optical coherence tomography (OCT)

Similar culprit plaque morphology (~ 50%
plaque rupture, ~ 25% plaque erosion)

Smaller lipid arc and greater reduction in
lipid arc after statin therapy

Lower prevalence of calcification

Similar prevalence of TCFA,
microchannels and macrophages
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Antithrombotic Regimen in
drugs drugs

CAD Patients o "

Ao inhibitors

Bivalirudin /
\ "

Tissue F M
Rivaroxaban \ «—— [——  Aspirin
Plasma clotting ADP
Fondaparinux cascade
. Cangrelor
Are there gender differences? \ \ ThonboaneAs | Clpidoge
. Prothrombin Ticagrelor
\ platelet physiology . \
£
coagulation activit £ onforton
\/ g y ":FWHH _____ E _ ;actor wctvation of GPAb/Hl
\/ response to antithrombotics | GPIIb/llla

«— Vorapaxar

. PARHI receptor Fibrinogen —— F|br|n
? Prevalence of CV disease . - l
Soluble mediators -~
. . . (ADP, TxA;, Ca++, serotonin) ,
? Prognosis in CAD patients 00 crome recepor r;nf. FXa
. Collagen Y \

. Clot-bound thrombin/factor Xa

ADP = adenosine diphosphate; AT = antithrombin; GP = glycoprotein; LMVWH = low molecular weight heparin;Tx = thromboxane;
UFH = Unfractionated heparin. Vorapaxar is a protease-activated receptor | (PARI) blocker.




Sex Differences in Platelet Physiology

1 Platelet count and other platelet indices in women vs.
men, regardless of age and menopausal status

T Number of activated glycoprotein lib/llla receptors per
platelet in women

Platelets from women are characterized by:
T Fibrinogen binding upon ADP exposure

T Spontaneous aggregation

T Plasma thromboxane B2 levels

| Platelet adhesion and longer bleeding times in women

Counterbalanced by estrogen system

» ¢ Gyeongsang National )
» University Hospital Hvas AM, et al. Expert Review of Hematology 2017.
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Agonists and Receptors in Platelet Activation
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Sex Differences in Coagulation & Fibrinolysis

Whole blood thromboelastography (TEG®) indicates
more coagulability in women than in men

T Thrombin generation in women compared to men

No differences in coagulation factors (fibrinogen and
coagulation factor VIl) and natural anticoagulants
(antithrombin and protein C) between men and women

No difference in fibrinolytic measures (PAI-1 and tPA)
among men and women

» ¢ Gyeongsang National )
» University Hospital Hvas AM, et al. Expert Review of Hematology 2017.
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<N TEG® System

® Physiologic whole blood test

® Use: hematologic disorder,
surgery, trauma, burn...
® Measures global hemostasis
= From clot initiation to clot lysis
= Net effect of components
— pi¢ >

Platelets (MA)

Platelet-Fibrin
Clot strength (G)

>'e ; >
Enzymatic  Fibrinogen Thrombolysins
(R) (K, ) (Ly30, EPL)
Clotting time  Clot kinetics Clot stability

Clot breakdown



Clot Strength: Influence of Race and Gender

© Patients on aspirin therapy with known or suspected CAD undergoing
non-urgent cardiac catheterization (n=1172)

787
p for ANOVA <0.001 p for ANOVA <0.001 |
747
[
.,_E_, 70
<
= N
661 Q
58 ;’\ &
wM BM WW BW WM BM WW BW
Clopidogrel Naive Patients Patients on Clopidogrel

BM, black men; BW, black women: WM, white men; WW, white women.

[annl? Orsongsany Nationsl Lev El, Jeong YH, et al. JAHA. 2014:3:¢001167.
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Beneficial Effect of Endogenous Estrogen

Effect on vasculature

- Induction of the prostacyclin synthesis
- 1 NO bioavailability

Direct inhibition of platelet aggregation
EN TARGEIFISSUES

[ s

- Estrogen receptors on
the platelet surface

Transcriptional regulation of
coagulation protein genes

T National _
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Effect of Antithrombotic Tx: Men vs. Women

Aspirin

Clopidogrel

Potent P2Y , inhibitor
GP lIb/llla inhibitor
Bivalirudin vs. Heparin

NOAC
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Response of Low-Dose Aspirin According to Gender

© Aspirin at 81 mg/d for 14 days

© Baseline and post—aspirin platelet function: Whole blood agg. and LTA

Before Aspirin Therapy After Aspirin Therapy
I I |
Men Women P Men Women P
Aggregation (h=571) (nh=711) Value (n=571) (nh=711) Value
Whole blood indirect COX-1 pathways
Collagen 1 pg/mL, ) 209 (6.3) 22.0(5.7) |=<.001 6.3 (5.4) 7.1 (5.6) .004
Collagen 5 pg/mL, ) 28.2(6.5) 28.8(6.2) A1 25.8(6.8) 26.4(6.2) 13
ADP 10 puM, € 10.7(6.1) 14.7(54) |<.001 | 105(6.2) 145(6.2) | <.001
Whole blood direct COX-1 pathways
Arachidonic acid 0.5 mM, % 94.9 98.0 002 4.38 3.80 .60
Platelet-rich plasma indirect COX-1 pathways
Collagen 1 pg/mL, % 37.4(34) 41.9(35) .02 6.03(8.3) 7.79(9.7) 01
Collagen 5 pg/mL, % 81.7(17) 83.0(17) 19 27.2((21) 31.8(22) | <.001
Epinephrine 2 uM, % 52.8(35) 59.8(34) |<.001 2(13) 22.8(14) .03
Epinephrine 10 uM, % 69.0(29) 73.4(28) 007 | 281 (15) 29.7 (16) 07
ADP 2 uM, % 36.9(26) 46.6(28) |<.001 | 31.1(17) 36.6(17) | <.001
ADP 10 pM, % 775(15) 81.0(13) |<.001 | 656(13) 70.3(12) | <.001

Women: activated baseline platelet reactivity

¢ Gyeongsang National
G!\..'-Ut' University Hospital

33:7u‘°

Becker DM, et al. JAMA. 2006:295:1420-7.
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Effect of Aspirin Therapy According to Gender

M Aspirin ClcControl

Odds Ratio
124 0.88 0.88 0.88
: p=0.0001
Primary _ 1 Odds Ratio [ |
. . © 0.82 0.77 0.95
Prevention Trials £ 05 | P=000002
g
2 —
o
< 0.6
n Odds Ratio
£ 0.86 1.01 0.77
= 0.4+ p=0.05
[T
" I H I H
; B0 wm00 B[l m(
Total < Male > Female Total Male Femal Total Male Female
Major Coronary Events Ischemic Stroke Serious Yascular Event
(x2 1=4.7; p=0.03) (x2,=3.1; p=0.08) (x2,=0.0; p=0.9)
M Aspirin [ Control
Odds Ratio
9 4 0.81 0.81 0.81
p=0.0001 —
8 | hdl
—_ Odds Ratio -
s 71 o8 0.71 0.80
£ | p=0.00001
Secondary 5 - u
. . 2 5
Prevention Trials 2
w 49 Odds Ratio
£ 0.78 0.73 0.91
S 39 p=0.04
w
2 .
.| 1l
0 B m [

Total < Male) Female Total < Male > Female Total Male Female

« Gyeongsang National Major Coronary Events Ischemic Stroke Serious Vascular Event
University Hospital (x2 ,=0.6; p=0.4) (x2,=0.07; p=0.4) (x2,=0.0; p=1.0)
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Efficacy & Safety of Clopidogrel: Women vs. Men

© Men vs. women: no difference in plc";sma level of active metabolite
© Meta-analysis: CURE, CREDO, CLARITY, COMMIT, CHARISMA (n=79,613: 30% of women)

Events, Events,

Trial Treatment  Control OR (95% CI)
Men
CREDO 58/744 81/766 — 072 (0.50,1.02)
CURE 351/3839  461/3387 - 0.75 (0.65,0.87)
CLARITY 116/1400  139/1403 —e-r 0.82 (0.63,1.06)
COMMT 1274116595 1416/16498 : 0.69 (0.82,0.96)
CHARISMA 384/5486  424/5473 0.90 (0.78,1.03)
Total Men 0 084 (0.78,091)
Women
CREDO 24309 33297 —— 067 (0.39,1.17)
CURE 231/2420 25872416 0.88 (0.73,1.08)
CLARITY 44352 50/336 082 (0.53,1.26)
COMMT  B847/366  894/6393 0.94 (0.85,1.04)
CHARISMA 150/2316  149/2328 1.01 (0.80,1.28)
Total Women 093 (0.86,1.01)

1 1 1

A 1 10

Favors clopidogrel Favors placebo

Berger JS, et al. JACC 2009;54:1935-45.

1C M Random-Effects ORs (95% Cls) for Clopidogrel Therapy Versus Placebo In Subgroup Analyses

Major Cardiovascular Event

All-Cause Mortality Myocardial Infarction

Stroke Major Bleeding

Enroliment for ACS
Women
Men

Established CVD

0.93 (0.85-1.01)
0.83 (0.74-0.93)
Women 0.93 (0.85-1.01)

Men 0.84 (0.78-0.92)

0.99 (0.90-1.09)
0.89 (0.82-0.97)

0.80 (0.68-0.94)
0.82 (0.73-0.91)

0.98 (0.89-1.07)
0.90 (0.83-0.96)

0.81 (0.70-0.94)
0.82 (0.74-0.90)

0.80(0.45-1.45)
0.83 (0.68-1.00)

1.50 (1.14-1.97)
1.18 (0.96-1.44)

0.92 (0.67-1.27)
0.81 (0.69-0.94)

1.43 (1.14-1.79)
1.19 (1.02-1.40)
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Efficacy and Safety of Prasugrel in ACS Patients

© Men vs. women: similar plasma level of active metabolite
© TRITON-TIMI 38: Ischemic events on Prasugrel vs. Clopidogrel

Relative Absolute

Prasugrel Clopidogrel reduction reduction
Men 9.5% 11.9% 21% 2.4%
Women 11.0% 12.6% 12% 1.6%

© Predictors of Non-CABG-Related Serious Bleeding
Strength of

Association
With
HR (95% Cl) P Bleeding*
Female sex 1.77 (1.44-2.18) <(0.001 28.79

GPIIb/llla inhibitor used 1.59(1.29-1.95)  <0.001 19.33

Duration of intervention, 1.07 (1.04-1.10) <0.001 17.98
per 10-min intervals

Age, by decade 1.22(1.09-1.38)  <0.001 11.07

Assignment to prasugrel,  1.34 (1.12-1.60) 0.001 10.19 Wiviott SD, et al. NEJM 2007,
vs clopidogrel Hochholzer W, et al. Circulation 2011,
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Efficacy and Safety of Ticagrelor in ACS Patients

© Men vs. women: similar plasma level of active metabolite

© PLATO: Ischemic events on Ticagrelor vs. Clopidogrel

Relative Absolute

Ticagrelor Clopidogrel reduction  reduction
Men 9.2% 11.1% 15% 1.9%
Women 11.2% 13.2% 17% 2.0%

© PCl-related major bleeding
-Age (HR 1.272, 95% CI 1.140-1.420 for a 5-year increase)
- Female sex (HR 2.245, 95% Cl 1.416-3.559)
- Weight (HR 0.898, 95% CI1 0.818-0.986 for a 5 kg increase)

un Gyeongsang National Wallentin L, et al. NEJM 2009: Becker RC, et al. EHJ 2011.

»/ University Hospital
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Efficacy & Safety of GPIIb/llla Inhibitor in ACS Pts

Meta-analysis on 6 RCTs
© 30-day death & Ml

Characteristic Category Prevalence/ Odds ratio  p for interaction
event rate
.
. (35%/11-1%) ¢ —— 115 <0-0001
Male (65%/11-3%) _._ ' 0-81
L]

Glycoprotein lIb/Illa better ! Placebo/control better
A 0-I5 1-0 2!0
25
O No GP lib/llla
= - H i P<0.0001
(@) M aJ O r b I eed N g - 7 GP lIb/llla (Appropriate) <
B Gp lIb/llla (Excess)
g) P<0.0001
B 45 - |
s P<0.0001
o |
S
‘c 10 A
=
3
5 -
0
B Ven
7 ¢ Gyeongsang National
N~ Boersma E, et al. Lancet 2002;359:189-198.

= ) University Hospital
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Bivalirudin vs. Heparin in ACS
_ ALIDATEC%"!

SWEDEHEART N

STEMI (n=3005) or NSTEMI (n=3001)
Treatment with Ticagrelor, Prasugrel or Cangrelor
Angiography performed: PCI intended

@

Heparin only Bivalirudin
(70-100U/kQ) (5000U Heparin pre-hospital
(no planned GPI) or 3000U pre-PCI)

| |
|

Primary Endpoint:
NACE: Death, Myocardial Infarction or Bleedi
ng events (BARC 2, 3 or 5) at 180 days

Coordinating PI:David Erlinge, Lund University, Sweden Ste

Chairman: fan James, Uppsala University, Sweden

{(Gnunj® Syeongsang National Erlinge D, et al. N Engl J Med. 2017;377(12):1132-1142.

»/ University Hospital
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Outcomes of Bivalirudin vs. Heparin in ACS

© Death, Ml or major bleeding at 180 days

Bivalirudin

Heparin

HR 0.96
95% Cl, 0.83 — 1.10
P=0.54
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Female vs. Male: Outcomes of Bivalirudin vs. Heparin

© Death, Ml or major bleeding at 180 days

Bivalirudir Heparin
Patients Events, N(%) Patients Events, N(%) HR (95%Cl) P-value
Death, Ml.or major
bleedi
Wum:‘n° 771 105 (13.6% 821 140 (17.1% — 0.78 000-100 0.05
Men 2229 263(11.8% 2177  243(11.2% —— 1.06 (0.89-
Death, MI,
bleeding, or e
Wm;:n"' 771 06 (13.7% 821 1462 17.8% —_— 0.75 so ; 0.02
Men 2229 272 122% 2177 252(11.6% —— 1.05 (0.89-1.25
Death, M, or bleeding
BARC3or$§
Women 771 78 (10.1% 821 92(11.2% —_— 0.90 {8.06—1.21 046
Men 2229 142 (6.4% 2177 134 (6.2% —s— 1.03 (0.82-1.31
Death or MI
Women 771 54 570%; 821 i 1.04 {o 72-1. 52; 065
Men 2229 89 (4.0% 2177 4.3% 0.93(0.70-1.2
Death
Women 771 ’ 821 i 1.20 *0 74-194) 052
Men 2229 3(24% 2177 53 (24% 098 (0.67-1.43
CV death
Women 771 28 (3. 1 26 (3 —_— 4 ‘l 0.70
Kien 220 BB & BER —— 150885183
Mi
Women 771 21(2.7% 821 27{3.3%; - 083{047 148; 0.90
Men 2229 39(1.7% 2177 44 (2.0% — s 0.86 (0.56-
Stent thrombosis
Women l‘l 771 18’2.3% 821 16 8“; - 120{0 61-2.35; 042
Men 2229 38(1.7% 2177 43 (2.0% —_— 0.86 (0.56-1.34
771 t 821 11(1.3% @ > 118 0.51-2.68) 0.72
2229 5(1.1% 2177 25(1.1% = 98 (0.56-1.71
771 . 3(0.4% *—> ‘ 42-7 . 0.06
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NOAC in AF Patients: Women vs. Men

© Meta-analysis (4 RCTs)

A. Stroke/SEE

Females Males Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
2.1.1 Single/High Dose
RE-LY 2009 51 2236 84 3840 115% 1.04(0.73, 1.48] 2009 T
ROCKET AF 2011 126 2802 143 4279 20.6% 1.36(1.07, 1.74] 2011 .-
ARISTOTLE 2011 80 3234 132 5886 17.4% 1.11(0.83, 1.46] 2011
ENGACE AF-TIMI 48 2013 67 2659 115 4353 16.2%  0.95[0.70, 1.29] 2013 {
Subtotal (95% CI) 10931 18358 65.8%  1.14 [0.99, 1.31]
Total events 324 474

Heterogeneity. Chi? = 3.65, df = 3 (P = 0.30), P = 18%
Test for overall effect: Z = 1.76 (P = 0.08)

2.1.2 Low Dose

RE-LY 2009 80 2150 104 3865 13.7% 1.40[1.04, 1.88] 2009 .-
ENGAGE AF-TIMI 48 2013 109 2718 144 4284 205% 1.20(0.93, 1.55) 2013 r—
Subtotal (95% CI) 4868 8149 34.2%  1.28 [1.06, 1.55] ¢*
Total events 189 248

Heterogeneity Chi’ = 0.58, df = 1 (P = 0.45), ¥ = 0%
Test for overall effect: Z = 2.51 (P = 0.01)

Total (95% CI) 15799 26507 100.0% 1.19 [1.06, 1.33) ]
Total events 513 722

Heterogeneity: Chi = 5.15, df = 5 (P = 0.40), ¥ = 3% ; : ; ]
Test for overall effect: Z = 2.91 (P = 0.004) 00l cemales Beuerbiaiy. ¥
Test for subgroup differences: Chi? = 0.93, df = 1 (P = 0.34), ¥ = 0%

Male patients are more protective of stroke/SEE

Y Gyeongsang National

(6nuH University Hospital Proietti M, et al. Pharm Res 2017;117:274-82.
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NOAC in AF Patients: Women vs. Men

© Meta-analysis (4 RCTs)
B. Major Bleeding

Females Males Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Welght M-H, Fixed, 95% Cl _Year M-=H, Fixed, 95% ClI
2.2.1 Single/High Dose _l
RE-LY 2009 141 2236 258 3840 20.0% 0.93(0.76, 1.16] 2009
ROCKET AF 2011 86 2802 103 4279 89% 128(0.96, 1.72] 2011 -
ARISTOTLE 2011 102 3220 225 5868 17.4% 0.82[0.65, 1.04] 2011 -
ENCACE AF-TIMI 48 2013 135 2659 283 4353 22.9% 0.77 [0.62, 0.95] 2013 -
Subtotal (95% CI) 10917 18340 69.3% 0.90 [0.80, 1.01) 4
Total events 464 869

Heterogeneity. Chi? = 8.58, df = 3 (P = 0.04), ¥ = 65%
Test for overall effect: Z = 1.86 (P = 0.06)

2.2.2 Low Dose

RE-LY 2009 117 2149 225 3865 17.1% 0.93(0.74, 1.17) 2009
ENGAGE AF-TIMI 48 2013 93 2718 161 4284 136% 0.91[0.70, 1.18]) 2013
Subtotal (95% CI) 4867 8149 30.7% 0.92 [0.78, 1.09])

Total events 210 386

Heterogeneity Chi? = 0.02, df = 1 (P = 0.88); I’ = 0%
Test for overall effect: Z = 0.94 (P = 0.35)

Total (95% CI) 15784 26489 100.0% 0.90 [0.82, 0.99] 4
Total events 674 1255

Heterogeneity Chi’ = 8.65, df = 5 (P = 0.12), P = 42% ' t - {
Test for overall effect: Z = 2.07 (P = 0.04) 0.01 Be(t):'elr Females'LBetter Mallég 100
Test for subgroup differences: Chi? = 0.07, df = 1 (P = 0.80), I’ = 0%

Female patients are more protective of major bleeding

7 346 sang National
(GnuH) Ux?vzr:gitynl-?ospitlalna Proietti M, et al. Pharm Res 2017;117:274-82.
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Perspectives
1. Hemostatic profiles of Women vs. Men:

- T1Platelet reactivity & {Thrombogenicity

- Protective effect of estrogen: pre- vs. post-menopause
2. Risk/benefit profiles of Women vs. Men:

- Similar PK/PD data of antithrombotic regimen
- Women vs. Men: |Efficacy & 1Bleeding on antithrombotics

3. How to solve a mysterious story about Women?:
| Efficacy: 1 Platelet reactivity & 1 Thrombogenicity

T'Bleeding: ??Fragile vasculature

Are we ready for a gender-specific approach in CvD?
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