Does Aspirin Work?

Carolinas

Clinical Connection

Does Aspirin Work?
Monitoring Antiplatelet Response

George A. Fritsma, MS MT (ASCP)
The Fritsma Factor
Your Interactive Hemostasis Reference

www.fritsmafactor.com ~ george@fritsmafactor.com

The Fritsma Factor 1

Participants

A Provide the history and pharmacology of aspirin

A Review the history and pharmacology of
clopidogrel (thienopyridines, PlavixN)

A Outline current antiplatelet therapy regimens

A Review literature on prevalence and causes of
antiplatelet therapy failure

A Perform antiplatelet therapy monitoring assays

A Interpret assay results

A Determine if antiplatelet therapy monitoring is
effective
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Felix Hoffman; 1897

A August 10, 1897: Felix Hoffman
synthesized pure, stable acetyl salicylic
acid
i Bayer laboratories in Leverkusen, Germany

A Aspirin: a = acetyl; spir = Spirea (plant)

A 1900: Bayer mixes aspirin with starch to
make the first drug in tablet form
1 No prescription: 5 grains [~325 mg]
i Uruguayan stamp shows

Hoffman, willow branch,

and his signature taken
from the laboratory record

Mann CC, Plummer ML. The Aspirin Wars: Money, Medicine, and 100
The Fritsma Factor - Years of Rampant Competition. New York: Knopf 1991.
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A 1971: JB Smith demonstrated

The Fritsma FactorPrOduction in human platelets. Nature 1971; 231: 235i 7.
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Trinity Biotech, Inc.

A Thank you to Mr. John Avila, Trinity
Biotech, Inc.

A For a copy of this presentation, go to
www.fritsmafactor.com
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ASPIRINA

Lawrence Craven: 1948

A 1948: Dr. Lawrence Craven,

California GP noticed 400 men
for whom he had prescribed
aspirin had no heart attacks

i Recommended aspirin a day to reduce risk
of heart attacks

aspirinds inhi
prostaglandins

Craven LL. Acetylsalicylic acid, possible preventive of coronary
thrombosis. Ann Western Med 1950;4: 951 9.

Vane JN. Inhibition of prostaglandin synthesis as a mechanism of
action for aspirin-like drugs. Nat New Biol 1971;231:232i 5.
Smith JB, Willis AL. Aspirin selectively inhibits prostaglandin
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Aspirin Efficacy: I1SIS-2

A 1988: Based ISIS-2 demonstrating:-
0.78 risk of death after Ml using . |/
aspirin, the US FDA first approves .
aspirin for reducing the risk of a
second Ml or a first Ml in angina e

A1988: Based on the Physi
Health Study, aspirin approved to
prevent TIAs and strokes in healthy

subjects
1SIS-2 C: Group. trial of
streptokinase, oral aspirin, both or neither among 17,187 cases of
suspected acute myocardial infarction: ISIS-2. Lancet 1988; 2: 349-60.
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Antiplatelet Tri
287 trials incorporating 100,000 subjects:

i Composite 32% decrease in death, MI, ischemic stroke in
vascular patients on 75 to 150 mg aspirin daily:
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The Fritsma Factor  jnfarction, and stroke in high risk patients. BMJ 2002;324: 71-86. 9
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Pedersen AK, Fitzgerald GA. Dose-related kinetics of aspirin: Presystemic
The Fritsma Factor  gcetylation of platelet cyclooxygenase. New Engl J Med 1984; 311: 1206411,
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Aspirin in Primary Prevention

APhysicianés He®l th S
i 1086 healthyll physicians age 40-84

325 mg aspirin on alternate days versus placebo

Ethical termination at 60 months when 44% reduction

of fatal or nonfatal first AMIs was recorded
AWomends Heal t-B00Bt udy
i 39,876 healthy | over 45 YO, 10 years

100 mg aspirin on alternate days versus placebo

25% reduction in fatal or non-fatal first Mis

50% reduction in hypercholesterolemia, smokers, or
hypertensives, greatest effect over 65 YO

Physician's health study: aspirin and primary prevention of coronary heart
disease. N Engl J Med 1989; 321:129-35,183-5.
Gaziano JM, Skerrett PJ, Buring JE. Aspirin in the treatment and

ion of cardi disease. + 2000; 30:1-13S.
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Cyclooxygenase-1 Acetylation

A Platelet COX-1 acetylated at Sers,q
i Prevents arachidonic acidbo:
1 Active site amino acid tyrsgs unaffected

A Platelet permanently loses COX-1
activation pathway
i Recovery of function 10%/day as new platelets are

produced

A Adhesion and shear-induced aggregation

functions remain

Vane JR, Botting RM. Mechanism of action of aspirin-like drugs. Semin
Arthr Rheum 1997; 25 Suppl I: 2-10.
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Aspirin acetylate€OXland
reduces production of TXA

Agonist binds
membrane receptor

Thromboxane A
activates platelet

Thromboxane Bs a stable, measurable plasma.
product that is reduced in aspirin therapy

‘The Fritsma Factor 12
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COX-1 Inhibited
by Aspirin

H
Aspirin EA!/

~

AA blocked

Acetylated Sejy

Arachidonic Acid
The Frtsma Factor 1

Aspirin Usage in the US

A Today: 29 billion
tablets/year in
USA

A 38% for heart
disease

A But--aspirin is
not for everyone

Bayer market research
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Clopidogrel (PlavixN)

A Oral administration: 75mg/d
i Loading dose 600 mg
i Continue with parallel aspirin 1-2 years
i Continue aspirin for life

A Peak plasma levels 1 hour

A Prodrug modified to active form in liver
i CYP3A4 (cytochrome P450)

A Half-life 8 hours
A Excreted via kidneys and liv

‘The Fritsma Factor
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THE

FRITSMA .
FACTOR Aspirin Pharmacology

A 50% absorbed from stomach, duodenum
A Peak plasma levels at 15 m
A Acetyl group hydrolyzed to form salicylic
acid (salicylate) in 20-30 m
i Esterase in gut, liver and RBCs
i Platelet COX-1 acetylation occurs in the presystemic
(portal) circulation of gut and liver
A Reduces plasma TXB, within 5 m
i Maximal reduction in 30 m
COOH cooH
@w '@
Salicylic Acid  Acetylsalicylic Acid (aspirin) “
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THE
i Clopidogrel (PlavixN)
A Thienopyridine pro-drug o
i (+)-(S)-methyl 2-(2-chlorophenyl)- 2- (6,7-
dihydrothieno[3,2-c]pyridin-5(4H)-yl) acetat
A Metabolite occupies ADP receptor
P2Y,,

i Covalent disulfide binding, prevents
aggregation

A Indications; with aspirin:

i Prevents vascular ischemia in symptomatic
atherosclerosis

i Prevents secondary acute coronary
syndrome

i Prevents thrombosis after placement of drug-
eluting coronary stent
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THE

Ts Clopidogrel
fACTOR | metabolite 'z\l‘; 5 ADP binds
I;m:;uﬁ oy o. _‘3 e blocks receptor e ;{\O‘Z . ’h‘/[,{eceptor
Hemostasis 4 J
Resource - -
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Clopidogrel Efficacy

Condition Study Citation Risk Reduction
Vs. Aspirin Alone

Unstable CURE NEJM 2001;345:494 20%
angina

Stent CREDO JAMA 2002;288:2411 26.9%
Myocardial CLARITY- | NEJM 2005;352:1179 20%
infarction TIMI 28

Low-risk CHARISMA | NEJM 2006;354:1706 None
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Bleeding Time: Mielke Template

A Diagnose VWD and qualitative platelet disorders
in controlled conditions

A 50% PPV for intraoperative bleeding 50%
A Affected by platelet count
A Leaves scars

QN

Antiplatelet Efficacy Agonists

A 0.5 mM arachidonic acid (AA)

1 Directly activates COX pathway to produce TXA,

i TXA, activates platelet by binding TPU or TPb

i Response reduced by aspirin

A 1i 5 ng/mL collagen

i Binds receptors GP la/lla (integrin a2b1), GP IV, GP VI
T 1 ng/mL response reduced by aspirin
1 5 ng/mL may bypass aspirin effect, reduced in secretion

(aspirin-like) disorder

A 5i 10 mv ADP

i ADP binds intact P2Y, & P2Y;,
i Response reduced by thienopyridines ticlopidine, clopidogrel

A Thrombin receptor activation peptide (TRAP)
i Response reduced by GP lIb/llla inhibitor therapy
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Antiplatelet Failure Vs Resistance

A Variable antiplatelet efficacy
i Adverse events despite therapy: failure

A Laboratory testing for resistance

i Bleeding time

i Light transmittance aggregometry (LTA)

i Whole blood impedance aggregometry (WBA)

i AspirinWorksN: Urine 11-dehydrothromboxane B2 (UDHT)
immunoassay

i Accumetrics Ultegra VerifyNowN Aspirin

i Siemens PFA-100" collagen-epinephrine cartridge (CEPI)

i Helena PlateletWorks"

i Thromboelastograph™ (TEG)

i Platelet vasodilator-stimulated phosphoprotein
phosphorylation (VASP) flow cytometry
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Light Transmittance Aggregometry
(LTA) Specimen Preparation

A Collect 9i 12 mL whole blood
T 3714 2.7 mL tubes + 0.3 citrate

A Centrifugeat503g 300 ( PRP)
A Centrifugeat15003g 150 ( PPP)
A Adjust platelet count in the PRP
with PPP to ~200,000/uL
Await 30 m f
dispense to cuvette

A Pipette agonist, record
absorbance using photometry

later

Light Transmittance Aggregometry

Courtesy of Kathy Jacobs, Chronolog, Inc
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LTA Limitations

A Specimen volume

A Specimen preparation time and artifact
A Three-hour time limit

A Operator-dependent results

A Poor reproducibility

A Removes effect of RBCs and WBCs

The Frtsma Factor 2

WBA: Impedance

A Aggregating platelets
form layer on electrodes

A Current impeded by
platelet layer
i Resistance measured in ohms
w
i 0 W= no aggregation
i Aggregation proportional to W

esxegng'ggtﬂ% Jacobs, Chronolog, Inc

SecretiorAssayed Using
Theo Firefl yd R

ATP PPi

Luci enn

Luciferyl:AMP

Lumlnescence

U\ 2N Jl Propomonal to ATP
releasén hM

TiélFobeia Facior Courtesy of Kathy Jacobs, Chronglog

Oxyluciferin + AMF
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Impedance-based Whole Blood
Platelet Aggregometry (WBA)

A Collect 9 mL blood

i 3tubes each 2.7 mL + 0.3 citrate

A Dilute aliquot 1:1 with
saline in cuvette

A Pipette agonist, timer
starts

A Electrodes lowered into
suspension

‘The Fritsma Factor

Courtesy of Kathy Jacobs, Chronolog, Inc
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Impedance

Full thm
Release

Normal Lumi-WBA

ATP Release
3.0 uM
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Coagulation; using AGGROTLIN
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Release Defect (Aspitike Disordér)
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Impedance
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Aspirin, Aspiridike Disorde(Secretion Defect)

ATP Release
3.0 uM
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‘ Agonist Collagen fig/mL
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Coagulation; using AGGROTLIN
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Aspirin Effect Using
5 pug/mL and 1 pg/mL Collagen

1 pg/mlagg <50%/mLug agg
Courtesy dfaura TaylddAB
Coagulation; using AGGROPLINK

1pg/mLagg




