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(57) ABSTRACT

A method is providing for measuring platelet reactivity of a
PCI patient that has a (DES). A blood sample is obtained
from the patient. The blood sample is mixed in combination
with 1) an anticoagulant; 2) sufficient buffer to maintain the
pH and salt concentration of the anticoagulated blood within
a range suitable for platelet aggregation; 3) a platelet GPIIb/
1I1a receptor ligand immobilized on a solid surface; 4) one
or more agents to enhance a signal transduction pathway and
5) a receptor activator. The combination is incubated under
conditions for agglutinating particles. Platelet-mediated
agglutination is assessed in the mixture. The absence of
agglutination indicates that the patient has reduced ability to
form platelet thrombi.
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METHODS FOR MEASURING PLATELET
REACTIVITY OF PATIENTS THAT HAVE
RECEIVED DRUG ELUTING STENTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part of U.S.
Ser. No. 10/886,155 filed Jul. 6, 2004, which claims the
benefit of U.S. Ser. No. 60/485,703, filed Jul. 7, 2003. All of
the above applications are fully incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention relates to the field of diagnostic
assays, and in particular to methods for measuring platelet
reactivity of patients that have received drug-eluting stents
(DES).

[0004] 2. Description of the Related Art

[0005] The role of platelets in mammalian physiology is
extraordinarily diverse, but their primary role is in promot-
ing hemostasis. In many situations, an evaluation of the
ability of blood to clot is desired, a parameter that is
frequently controlled by the ability of platelets to adhere
and/or aggregate. Of interest, therefore, is the assessment of
the adhesive functions of platelets. For example, questions
of interest include whether to administer drugs that will
block, or promote, clot formation, or whether to detect
deficiencies in platelet function prior to surgical procedures.
Also of interest is evaluating the effectiveness of a platelet
inhibitor that is being tested as a new drug or is being used
as approved clinical treatment in a patient.

[0006] Platelets are known to aggregate under a variety of
conditions and in the presence of a number of different
reagents. Platelet aggregation is a term used to describe the
binding of platelets to one another. Platelet aggregation in
vitro depends upon the ability of platelets to bind fibrinogen
to their surfaces after activation by an aggregation-inducing
agent such as ADP or collagen.

[0007] Platelets play a critical role in the maintenance of
normal hemostasis. When exposed to a damaged blood
vessel, platelets will adhere to exposed sub-endothelial
matrix. Following the initial adhesion, various factors
released or produced at the site of injury such as thrombin,
ADP and collagen activate the platelets. Once platelets are
activated, a conformational change occurs in the platelet
glycoprotein GPIIb/I11a receptor, allowing it to bind fibrino-
gen and/or von Willebrand factor.

[0008] 1t is this binding of the multivalent fibrinogen
and/or von Willebrand factor molecules by GPIIb/I1la recep-
tors on adjacent platelets that results in the recruitment of
additional platelets to the site of injury and their aggregation
to form a hemostatic plug or thrombus.

[0009] In vitro platelet aggregometry is the laboratory
method used to assess the in vivo ability of platelets to form
the aggregates leading to a primary hemostatic plug. In this
technique an aggregating agent such as ADP or collagen is
added to whole blood or platelet-rich plasma and aggrega-
tion of platelets monitored. Platelet aggregometry is a diag-
nostic tool that can aide in patient diagnosis and selection of
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therapy. Current assays to measure platelet aggregation are
expensive, time-consuming, cumbersome, and generally not
suitable for a clinical environment.

[0010] A rapid platelet function assay has recently been
developed and is described in U.S. Pat. No. 5,763,199
(Coller). The assay determines glycoprotein (GP)IIb/IIla
receptor blockade in whole blood. Agglutination of small
polymeric beads coated with a GPIIb/Illa ligand such as
fibrinogen results when the beads are contacted with whole
blood containing platelets with activated GPIIb/IIla recep-
tors that are not blocked. Failure to agglutinate indicates
either failure of the GPIIb/I1la receptors to become activated
and/or blockade of the GPIIb/IIla receptors. In a preferred
embodiment, the addition of a thrombin receptor activator
results in an assay that is rapid and convenient enough to be
performed at the bedside and that results in agglutination of
the small polymeric beads within a convenient, known
period of time if the GPIIb/Ila receptors are not blocked.
The assay includes the ability to transfer blood to be tested
from a collection container to an assay device without
opening the collection container. This platelet aggregation
assay can be conducted at the same time as the activated
clotting time (ACT), which is performed to assess the
adequacy of heparinization.

[0011] Platelet aggregation plays a key role in the patho-
genesis of thrombosis and acute coronary artery disease.
Evidence suggests that significant platelet function variabil-
ity exists in the response to various antiplatelet agents. It has
also been demonstrated that an inter-individual variability in
platelet aggregation exists when P2Y'12 antagonists such as
clopidogrel are used for treatment of patients to achieve an
anti-aggregation effect. The results of one study demon-
strated that at least 10% of patients receiving the drug did
not achieve the expected platelet aggregation inhibition
(Muller I, Besta F, Schulz C, Massberg S, Schonig A, Gawaz
M; Prevalence of clopidogrel non-responders among
patients with stable angina pectoris scheduled for elective
coronary stent placemen Thromb Haemost. 2003 May,
89(5):783-7).

[0012] Clopidogrel and ticlopidine are thienopyridine
derivatives that inhibit platelet aggregation. They are
believed to inhibit the binding of adenosine-5-diphosphate
(ADP) to one of its receptors, the P2Y12 receptor. The
pharmacological activity of clopidogrel is very similar to the
pharmacological activity of ticlopidine. However, clopi-
dogrel has been shown to have fewer side-effects than
ticlopidine. Based on mounting evidence of the efficacy of
clopidogrel in thrombotic disease, the use of clopidogrel and
other P2Y12 antagonists are likely to increase significantly.

[0013] Since many patients with cardiovascular disease
are currently taking one of the thienopyridine agents, a
method for detection of resistance to a thienopyridine and
assessment of the efficacy of thienopyridine treatment would
be beneficial. Thus, there is a need to develop an assay that
would provide information about aspirin and thienopyridine,
e.g., clopidogrel or ticlopidine, sensitivity and efficacy of
treatment in a given patient.

[0014] The effects of these agents on platelet function
have been assessed with platelet aggregometry using ADP,
collagen or other platelet activators. However, since ADP
activates at least two different receptors (P2Y1 and P2Y12
and perhaps P2X1), it has the potential for lower specificity



US 2007/0243632 Al

and background noise. Collagen is another choice. However
collagen is highly variable due its quaternary structure,
which dramatically affects it ability to activate platelets and
due to the fact it is derived from biological tissue and
sensitive to minor changes in temperature and pH. Neither
collagen nor ADP provide specificity to the P2Y 12 receptor
and therefore by themselves are not the optimal choice for
the determination of the effects of P2Y12 inhibitors. In
particular as has been shown in several studies, the choice of
concentration of these two agonists has significant effect on
the degree of inhibition to P2Y12 antagonists that is mea-
sured.

[0015] Prostaglandins (PGs) belong to a ubiquitous class
of chemicals known as eicosanoids. They are found in
virtually every tissue in the body and have a very wide
spectrum of biological activities. Eicosanoids are derivatives
of arachidonic acid, a polyunsaturated fatty acid. The term
eicosanoids includes the family of prostaglandins (PGs),
prostacyclin, thromboxanes, and leukotrienes. The PGs are
divided in different families depending on their structure,
each designated by a letter (A, E, F, G, H, or 1). In addition
to this letter, each individual prostaglandin carries a digit
that indicates the number of double bonds in its fatty acid
side chain. For example, prostaglandin E1 (PGE1) belongs
to the E family and has only one double bond in its side
chain. PGs plays an important role in platelet aggregation
and hemostasis (blood clotting) and typically have a marked
vasodilator effect.

[0016] PGEL1 is the theoretical cyclooxygenase metabolite
of dihomo-y-linolenic acid (DGLA), but it is virtually unde-
tectable in the plasma of normal humans or other animals. Its
pharmacology includes vasodilation, hypotension, and anti-
platelet activities. PGE1 has been shown to inhibit platelet
aggregation by increasing cyclic adenosine monophosphate
(CAMP) concentrations within platelets. A number of
groups have shown that the ICS50 of PGE1 for the inhibition
of ADP-induced human platelet aggregation is around 40
nM.

[0017] Platelet reactivity studies have demonstrated a
wide inter-individual variability in the inhibitory response to
clopidogrel. Retrospective and small prospective studies
have demonstrated an association between a poor response
to clopidogrel and clinical events after percutaneous coro-
nary intervention (PCI). Separate from the reduction in
aggregation caused by clopidogrel as judged by the percent-
age reduction in response to ADP, the absolute value of
post-clopidogrel platelet aggregation (i.e., post-treatment
reactivity), may be an adequate measure of the risk of
subsequent events. From a clinical perspective, the routine
measurement of platelet reactivity at the time of PCI is
generally impractical because of the need to use specialized
laboratory techniques such as light transmittance aggrego-
metry (LTA).

[0018] There is a need to provide methods for measuring
platelet reactivity of patients that have received drug-eluting
stents (DES).

SUMMARY

[0019] Accordingly, an object of the present invention is to
provide methods for measuring platelet reactivity of patients
that have received (DES).
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[0020] Another object of the present invention is to pro-
vide methods for identifying those PCI patients with DES
who are at risk for stent thrombosis.

[0021] Yet another object of the present invention is to
identify those patients with DES that have clopidogrel-
induced platelet inhibition.

[0022] These and other objects of the present invention are
achieved in a method of measuring platelet reactivity of a
PCI patient that has a (DES). A blood sample is obtained
from the patient. The blood sample is mixed in combination
with 1) an anticoagulant; 2) sufficient buffer to maintain the
pH and salt concentration of the anticoagulated blood within
a range suitable for platelet aggregation; 3) a platelet GPIIb/
1I1a receptor ligand immobilized on a solid surface; 4) one
or more agents to enhance a signal transduction pathway and
5) a receptor activator. The combination is incubated under
conditions for agglutinating particles. Platelet-mediated
agglutination is assessed in the mixture. The absence of
agglutination indicates that the patient has reduced ability to
form platelet thrombi.

[0023] In another embodiment of the present invention, a
method is provided for identifying a patient with DES at risk
for stent thrombosis. A blood sample is obtained from the
patient. The blood sample is mixed in combination with 1)
an anticoagulant; 2) sufficient buffer to maintain the pH and
salt concentration of the anticoagulated blood within a range
suitable for platelet aggregation; 3) a platelet GPIIb/IIla
receptor ligand immobilized on a solid surface; 4) one or
more agents to enhance a signal transduction pathway and 5)
a receptor activator. The combination is incubated under
conditions for agglutinating particles. The absence of agglu-
tination indicates that the patient has reduced ability to form
platelet thrombi. Platelet reactivity of the patient is measure.
In response to the measurement a determination is made of
a risk level of the patient for stent thrombosis.

[0024] In another embodiment of the present invention, a
method is provided for determining if a patient has clopi-
dogrel-induced platelet inhibition. A blood sample is
obtained from the patient. The blood sample is mixed in
combination with 1) an anticoagulant; 2) sufficient buffer to
maintain the pH and salt concentration of the anticoagulated
blood within a range suitable for platelet aggregation; 3) a
platelet GPIIb/Illa receptor ligand immobilized on a solid
surface; 4) one or more agents to enhance a signal trans-
duction pathway and 5) a receptor activator. The combina-
tion is incubated under conditions for agglutinating par-
ticles. The combination is incubated under conditions for
agglutinating particles. Platelet-mediated agglutination is
assessed in the mixture. The absence of agglutination indi-
cates that the patient has reduced ability to form platelet
thrombi. Platelet reactivity of the patient is measured. A
determining is then made to determine if the patient has
clopidogrel-induced platelet inhibition.

[0025] In another embodiment of the present invention, a
method is provided for measuring platelet reactivity of a
patient that has a (DES). An ADP platelet activator is added
to a blood sample obtained from the patient. One or more
platelet inhibitors are provided to the sample. At least one of
the platelet inhibitors is Prostaglandin E1 (PGE1). An alter-
nate signal transduction pathway is produced in response to
providing an ADP platelet activator and one or more platelet
inhibitors. In response to producing the alternate signal
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transduction pathway, a final concentration of ADP is about
2 to 35 uM and a final concentration of PGE1 is about 2 to
30 nM. Platelet reactivity of the patient is measured in
response to the final concentration of the ADP.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 illustrates the mean response of one indi-
vidual.

[0027] FIG. 2 illustrates the mean response of five indi-
viduals.

[0028] FIG. 3 illustrates the extent of platelet aggregation
from a blood sample treated with the antagonist of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] In various embodiments of the present invention, a
composition of ADP and PGE1 is utilized as an activator in
measuring inhibition of platelet aggregation by P2Y12
antagonists such as thienopyridines in whole blood samples.
Accordingly, the aforementioned compositions may be
employed to determine the effectiveness of anti-platelet
therapy involving treatment of patients with a thienopyri-
dine. The above compositions may be employed in conjunc-
tion with particles coated with a GPIIb/Illa receptor ligand
and any other reagents necessary for conducting an assay for
the efficacy of thienopyridines. A lyophilized reagent com-
position may be used that comprises the aforementioned
activator composition and particles. In one approach, a
metered volume of a sample to be measured such as whole
blood is mechanically mixed with the lyophilized reagent. A
change in light transmission is monitored and an index of
platelet activity is calculated. In one aspect a whole blood
sample is combined in a cuvette or a unitized cartridge with
the aforementioned lyophilized reagent. An apparatus may
be employed for carrying out the assay. The apparatus
comprises a well for receiving the sample where the well
contains the lyophilized reagent and other reagents for
conducting the assay. The additional reagents may be vari-
ous buffers and/or lyophilization stabilizers.

[0030] As mentioned above, in one aspect the present
invention is directed to a method for conducting an assay for
platelet function activity on a whole blood sample. In one
embodiment, the sample is one that has been affected by an
adenosine-5-phosphate (ADP) antagonist. For example, the
sample may be from a patient undergoing treatment with by
an adenosine-5-phosphate (ADP) antagonist. In the present
invention a combination is provided in an assay medium
where the combination comprises the sample and a compo-
sition of ADP and PGE1. Usually, the final concentration of
ADP is 2 to 35 uM, preferably, 15 to 20 uM and the final
concentration of PGE1 is 2 to 30 nM, preferably 20 to 25
nM.

[0031] Also employed in the present methods is a reagent
comprising particles coated with a compound that can result
in the specific agglutination of platelets, i.e., the agglutina-
tion of platelets by the specific interaction between a recep-
tor on the platelets and the compound on the particles. Such
compounds include, by way of illustration and not limita-
tion, antibodies to a platelet receptor and GPIIb/II1a receptor
ligands, which may be a small organic molecule, polypep-
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tide, protein, monoclonal antibody or nucleic acid that binds,
complexes or interacts with GPIIb/IIla receptors on the
platelet surface. Platelet mediated aggregation of the par-
ticles results when the GPIIb/II1a receptors on the surface of
platelets bind, complex or otherwise interact with the GPIIb/
Ila receptor ligands on the particles. Typical GPIIb/I1la
ligands include fibrinogen, monoclonal antibody 10E5 (Col-
ler, et al., J. Clin. Invest. 72:325 (1983)), monoclonal
antibody c¢7E3 (The EPIC Investigators, N.E. Journal of
Med., 330:956 (1994)), von Willebrand factor, fibronectin,
vitronectin and other ligands that have an arginine glycine-
aspartic acid (RGD) sequence or other peptides or peptido-
mimetics that mimic this sequence (Cook, et al., Drugs of
the Future 19:135 (1994)). Other compounds of interest
include thrombin inhibitors, low molecular weight heparin,
and so forth.

[0032] The particles to which the compound is attached
are at least about 0.1 microns and not more than about 20
microns. In one embodiment the particles are about 0.1
microns to about 10 microns. In another embodiment the
particles are at least about 1 micron and less than about 8
microns. The particles can be virtually any shape, but are
generally spherical with uniform diameters. The particle
may have any density, but preferably of a density approxi-
mating water, generally from about 0.7 to about 1.5 g/ml.
The particles may or may not have a charge on the surface,
either positive or negative, preferably negative. The particles
are functionalized or functionalizable so as to covalently
bind or attach such members at their surface, either directly
or indirectly.

[0033] The particles may be solid (e.g., comprised of
organic and inorganic polymers or latex), oil droplets (e.g.,
hydrocarbon, fluorocarbon, silicon fluid), or vesicles (e.g.,
synthetic such as phospholipids or natural such as cells and
organelles). The solid particles are normally polymers,
either addition or condensation polymers, which are readily
dispersible in a liquid medium. Examples of suspendable
particles are polymeric materials such as latex, lipid bilay-
ers, oil droplets, cells and hydrogels. Other particle compo-
sitions include polymers, such as nitrocellulose, cellulose
acetate, poly(vinyl chloride), polyacrylamide, polyacrylate,
polyethylene, polypropylene, poly(4-methylbutene), poly-
styrene, polymethacrylate, poly(ethylene terephthalate),
nylon, poly(vinyl butyrate), polysaccharides such as dex-
trans and modified dextrans, etc.; either used by themselves
or in conjunction with other materials. The solid particles
can be comprised of polystyrene, polyacrylamide,
homopolymers and copolymers of derivatives of acrylate
and methacrylate, particularly esters and amides, silicones
and the like.

[0034] As mentioned above, the compound is coated on
the particles. Usually, the compound is covalently attached
to particles. Such covalent attachment can be accomplished
by well-known techniques, commonly available in the lit-
erature. See, for example, “Immobilized Enzymes,” Ichiro
Chibata, Halsted Press, New York (1978) and Cuatrecasas,
J. Biol. Chem., 245:3059 (1970). Briefly, as mentioned
above, the surface of the particle may be polyfunctional or
be capable of being polyfunctionalized. A wide variety of
functional groups are available or can be incorporated.
Functional groups include carboxylic acids, aldehydes,
amino groups, cyano groups, ethylene groups, hydroxyl
groups, mercapto groups and the like. The manner of linking
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a wide variety of compounds to surfaces is well known and
is amply illustrated in the literature (see above). The attach-
ment of the side member may be directly by a bond or
indirectly through the intermediacy of a linking group. The
length of a linking group may vary widely, depending upon
the nature of the side member and of the particle.

[0035] The ratio of molecules of compound to particle is
controlled in the attachment of the molecules of compound
to the particle. In one approach the number of functionalized
sites on the surface of the particle may be controlled by
adjusting the number of such sites introduced on the surface
of the particle. Alternatively, or in conjunction with the
above, the ratio of molecules of compound to particle may
be controlled by adjusting the concentration of the com-
pound in the reaction medium for the attachment, Other
approaches will be suggested to one skilled in the art in view
of the above teaching.

[0036] The particle reagent employed in the present inven-
tion may be treated with a sufficient amount of material to
block areas of adsorption on the particles. Such materials
will not affect the functioning of the particles for their
intended purpose in the present invention. The blocking
materials include proteins such as bovine serum albumin,
bovine gamma globulin, etc., polysaccharides such as dex-
tran, etc., and the like. In another approach, which may be
utilized in conjunction with the above, particles are
employed wherein the number of functionalized sites for
attachment substantially reduce the adsorption area on the
surface of the particles.

[0037] The particles usually comprise a label, either
attached thereto or incorporated therein. The label may be
any moiety that may be used for the purpose of detection.
The label is often a member of a signal producing system.
The label is capable of being detected directly or indirectly.
The label can be isotopic or nonisotopic, usually non-
isotopic, and can be a dye, fluorescent molecule, chemilu-
minescent molecule, a catalyst, such as an enzyme, a poly-
nucleotide coding for a catalyst, promoter, coenzyme,
enzyme substrate, radioactive group, a small organic mol-
ecule, amplifiable polynucleotide sequence, and so forth.

[0038] In one specific embodiment of the present inven-
tion, the particles contain one or more dyes that absorb in the
infrared. Such dyes include bacteriochlorin, bacteriochloro-
phytin, meropolymethine dyes, benzoannulenes, vinylogous
porphorins, polymethine dyes, cyanines and merocyanines,
and the like. Specific dyes of interest are Copper(Il)-tetra-
tert-butyl-tetrakis(dimethylamino)-29H-3 1H-phthalocya-
nine and Vanadyl-tetra-tert-butyl-tetrakis(dimethylamino)-
29H-31H-phthalocyanine. The particular dye that is selected
is one of convenience, availability, stability, compatibility
with the particle and the like. These dyes may be incorpo-
rated directly into the particle itself, through polymerization
or passive adsorption. The dyes may be loaded individually
(i.e., sequentially) or in combination (i.e., simultaneously).
Alternatively, the dyes may be linked to the bead in com-
bination with the linking component, such that they do not
leach from the surface. Irrespective of the loading method
used, the conditions are such that the particle surface is
unaffected with respect to the ability to agglutinate under
appropriate conditions.

[0039] The dyes absorb light in the range of about 750
nm-900 nm, particularly in the range of about 750-850 nm.
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For samples with high levels of red blood cells, the light is
at about 800 nm=10 nm, which is the isobestic point for
oxyhemoglobin and reduced hemoglobin. The amount of
dye employed with the particles varies with the extinction
coeflicient of the dye in the light range of interest, the
required sensitivity of the assay, the size of the particles, the
mode of binding of the dye to the particles, compatibility of
the dye with the particle matrix, and the like. Usually, the
amount of dye incorporated is in the range of about 1 to 20
weight percent, more usually 5 to 15 weight percent. Dyes
which find a particular use in the present invention are
phthalocyanines. Metal free phthalocyanines absorb at
approximately 700 nm (e=162,000). The metal complexes
shift the absorption to either shorter or longer wavelength,
most metals shift the absorption to a much shorter wave-
length, but some, such as lead absorb at much longer
wavelength than the metal free phthalocyanines.

[0040] The complexes formed between transition metals
and phthalocyanines (metollophthalocyanines and Metal-
lonaphthalocyanines) are chemically very stable to light and
heat. They are formed by condensation of opthalodinitriles
in the presence of an appropriate metal. Some of the metals
used in the formation of the metalophthalocyanines besides
the copper (Cu) and the Vanadium (V) are magnesium (Mg),
zine (Zn), and cobalt (Co).

[0041] In one specific embodiment of the invention car-
boxylated microparticles with a flat absorption maximum
are employed. These microparticles are prepared by incor-
porating multiple dyes that have distinct absorption maxi-
mum close to 805 nm. This results in a flat maximum
absorption spectrum across a broad range wavelength from
780-820 nm.

[0042] The sample may be any solution, synthetic or
natural, to be analyzed where the sample has been subject to
an effect from a P2Y 12 antagonist, particularly, a thienopy-
ridine, potentially in combination with aspirin. The term
sample includes biological tissue, including body fluids,
from a host, and so forth. The sample can be examined
directly or may be pretreated, usually. The present invention
has particular application to samples that comprise platelets,
including body fluids such as, for example, whole blood,
platelet-containing blood fractions such as plasma, and the
like. In one embodiment the invention has particular appli-
cation to whole blood samples. The amount of the sample
depends on the nature of the sample. For fluid samples such
as whole anticoagulated blood, the amount of the sample is
usually about 30 pl to 5000 pl, preferably, about 100 to 300
pl. The term “sample” includes unprocessed samples
directly from a patient or samples that have been pretreated
and prepared in any convenient liquid medium, usually an
aqueous medium (e.g., sodium citrate).

[0043] Preferably, the medium for conducting the assays
in accordance with the present invention is an aqueous
medium. Other polar cosolvents may also be employed in
the medium, usually oxygenated organic solvents of from
1-6, more usually from 1-4 carbon atoms, including alco-
hols, ethers and the like. Usually, such cosolvents are present
in less than about 70 weight percent, more usually, in less
than about 30 weight percent. Additionally, various ancillary
materials are frequently employed in the method in accor-
dance with the present invention. For example, buffers are
normally present in the assay medium, as well as stabilizers
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for the assay medium and the assay components; surfactants,
particularly non-ionic surfactants; binding enhancers, e.g.,
polyalkylene glycols; or the like.

[0044] The pH for the medium is usually in the range of
about 2 to about 11, preferably, about 4 to about 9. Various
buffers may be used to achieve the desired pH and maintain
the pH during the method. Illustrative buffers include
HEPES, borate, phosphate, carbonate, Tris, barbital, and the
like. The particular buffer employed is not critical to the
method but one buffer may be preferred over others in
certain circumstances. In some circumstances HEPES is
preferred and is present at a concentration of about 0.05M to
about 0.001M but generally at a concentration of about
0.01M.

[0045] The volume of assay medium is about 25 to about
500 microliters, usually about 75 to about 250 microliters.
The assays may be carried out in any suitable container.
Conveniently, the container is a cuvette or cartridge that is
used with the instrument for carrying out the assay and
measuring the assay results. The reaction container usually
contains the activation initiator in accordance with the
present invention in dry lyophilized form together with other
reagents such as the particle reagent and the like, stabilizers
and so forth.

[0046] The combination of sample and particle reagent is
incubated under conditions for agglutinating the particles.
Moderate temperatures are normally employed for carrying
out the method. The temperature may be constant or may
vary. Usually, a constant temperature is employed during the
reaction step. The temperature employed is usually about 10
to about 80° C., more usually, about 15 to about 45° C.,
preferably, the temperature should be at least 25° C., more
preferably in the range of about 30 to about 40° C., usually
about 37° C.

[0047] The extent of agglutination of the particles is
determined and is related to the presence and/or amount of
the member in the sample. The presence of agglutination
may be determined visually by observing clumping of the
particles, which would indicate agglutination. Preferably, as
mentioned above, the particles may be colored to aid in
visualizing agglutination or clumping of the matrix. The
extent of agglutination may be measured spectrophotometri-
cally, turbidimetrically, nephelometrically, etc., by observ-
ing the rate of change of optical density of the medium, and
so forth.

[0048] In a specific embodiment of the present invention
an assay for platelet function activity is conducted on a
whole blood sample from a patient undergoing treatment
with a thienopyridine. The sample is combined in a suitable
container, e.g., reaction cuvette, with fibrinogen coated
particles, and the composition of ADP and PGE1 to form an
assay medium. The particles of the particle reagent have one
or more infrared dyes incorporated therein. The combination
is subjected to agglutination conditions. Then, the medium
is irradiated with light in the infrared region. The transmis-
sion of infrared light from the assay mixture is determined
where the level of transmission is related to platelet function
activity.

[0049] The agglutination medium is selected to have high
absorption at ~800 nm. The ratio between the agglutination
medium absorption coeflicient and whole blood absorption
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coeflicient should preferably be greater than about 4:1 at 800
nm. The absorption ratio for a particular assay is a function
of both the absorption coefficient of the agglutination
medium and the concentration of the agglutination medium
in the assay sample.

[0050] After the sample has been combined with the
reagents, desirably it will be heated to a temperature above
room temperature, but below that which would interfere
with the assay, so as to insure that the temperature can be
controlled without adversely affecting the assay result.
Desirably, the temperature should be at least 250, preferably
in the range of 30-40° C., more preferably about 37° C. The
reaction medium is usually gently agitated upon combining
of the reagents with the sample and during the period of the
reaction. Agitation is sufficient to achieve and maintain
homogeneity in the assay samples. The total time of the
readings from the zero time (time of mixing), may range
from about 10 sec. to 10 min., more usually about 30 sec. to
8 min., and preferably about 30 sec. to 3 min. The data may
be analyzed by any convenient means, particularly using an
algorithm that can manipulate the data in relation to cali-
brators and/or controls.

[0051] The level of agglutination is an indication of the
platelet function activity of the sample tested. The level of
agglutination may be compared against a standard of known
platelet function activity. Usually, the result will be com-
pared to a calibrator, which may be performed concomi-
tantly or have been performed previously or may be pro-
vided as a standard curve.

[0052] The method of the present invention may be
employed in conjunction with an assay for platelet count
such as that described in U.S. patent application Ser. No.
09/177,884 filed Oct. 23, 1998 (the *884 application), the
relevant disclosures of which are incorporated herein by
reference.

[0053] The above assays preferably may be conducted in
a device, which allows the reactions in accordance with the
present invention to occur and which measures the results
thereof. The instrument should assess platelet function based
upon the ability of activated platelets to bind fibrinogen. As
activated platelets bind and agglutinate fibrinogen-coated
particles, there is an increase in light transmittance. In
general, an instrument to measure the result of the assay is
one that can measure agglutination. Preferably, the instru-
ment measures a change in optical signal due to agglutina-
tion. Suitable instruments include, by way of illustration and
not limitation a kinetic spectrophotometer, Ultegra System®
instrument (commercially available from Accumetrics, San
Diego, Calif. and employed for rapid platelet function
activity measurements on normal samples), or the like.

[0054] The Ultegra® System instrument is a turbidometric
based optical detection system, that measures platelet
induced aggregation as an increase in light transmittance.
The system consists of an analyzer, disposable cartridge and
controls. The cartridge contains reagents based on micro-
particle agglutination technology. The quality control sys-
tem includes an electronic control, two levels of assayed
“wet” controls (WQC), an in-cartridge humidity sensor, an
in-packaging temperature indicator, and a test for concur-
rence of two assay channels. The analyzer controls assay
sequencing, establishes the assay temperature, controls the
reagent-sample mixing for the required duration, determines
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the degree of platelet function, displays the result and
performs self-diagnostics. For use in the present methods the
test cartridge of the system contains a lyophilized prepara-
tion comprising particles with covalently attached GPIIb/
IIla receptor ligand, a composition of ADP and PGE1, and
buffer. The patient sample is usually citrated whole blood,
which is automatically dispensed from the blood collection
tube into the cartridge by the analyzer, with no blood
handling required by the user. The interaction is monitored
by the infrared absorbency characteristics of the particles. As
the particles interact with the platelets, the agglutination of
the particles is measured through the optical system of the
Ultegra™ analyzer. The agglutination is detected as an
increase in the transmission of infrared light through the
sample. The reaction kinetics are analyzed and translated
into “P2Y12 Response Units”, PRU.

[0055] In another embodiment of the present invention is
a kit that includes in packaged combination a lyophilized
preparation comprising particles with covalently attached
fibrinogen, composition of ADP and PGE1, and buffer. The
lyophilized preparation may be present in a reaction con-
tainer such as a cartridge used in the instrument of analysis.
For the aforementioned Ultegra® System, the lyophilized
preparation may be placed in the outer wells of the four-well
cartridge used in the analyzer. The kit may also include a
sample collection container and/or a device for carrying out
the present method. The relative amounts of reagents may be
varied widely to provide for concentrations in solution of the
reagents that substantially optimize the sensitivity of a
determination.

[0056] Where appropriate, the reagents can be placed in an
air-tight package in order to maintain the activity of any
reagents. The package may be, for example, a bag, pouch, or
the like fabricated from a material that is substantially
non-permeable to moisture. Such materials include, by way
of example and not limitation, plastic, aluminum foil, and
the like. For blood samples the kit may also include an
article for piercing a person’s skin, disinfectant or sterilizing
pads and so forth. The kit may also include calibrators and
standards. Furthermore, the kit may also include one or more
reagents for conducting an assay for platelet count.

[0057] The kit can include the reagents necessary for
carrying out the assay of the present invention. In one
embodiment, the kit includes a blood vial, a buffer that
maintains the pH and salt concentration of the blood sample
assessed within ranges suitable for platelet mediated agglu-
tination of the solid surface and small polymeric beads
coated with platelet GPIIb/I1la receptor ligand. The buffer
can be in solution, or can consist solely of the buffering
composition and salts to which a known amount of water is
added to give the desired buffer solution. Optionally, the kit
can also comprise an anticoagulant. In one embodiment, the
buffer is HEPES; the anticoagulant is citrate; a GPIIb/IIla
receptor ligand is fibrinogen; small polymeric beads are
polyacrylonitrile or carboxylated polystyrene in which a
peptide GPIIb/IIla receptor ligand, such as fibrinogen, is
covalently bonded to the bead surface by means of a
covalent bond between the N-terminus of the peptide and an
N-hydroxysuccinimide or carboxylate group on the bead
surface in a further embodiment, the kit additionally com-
prises a platelet activator, such as a composition of ADP and
PGEI.
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EXAMPLE 1

[0058] The following examples are offered by way of
illustration and without limitation. Parts and percentages are
by weight unless otherwise indicated

[0059] The following examples and preparations are
intended to illustrate the invention but are not intended to
limit its scope.

[0060] Dose response testing was performed withADP
(Chronolog) and PGE1 (SIGMA) at 20 uM and 22 nM final
concentrations respectively. ADP was diluted in Hepes/
Saline, pH 7.4 buffer to a final concentration of 200 uM prior
to use on the aggregometer. PGE1 was diluted in Hepes/
Saline, pH 7.4 buffer to a final concentration of 220 nM prior
to use on the aggregometer. A P2Y12 receptor blocker was
diluted in DMF to final concentrations of 1 mM, 2 mM and
5 mM.

[0061] Five microliters of the diluted P2Y12 compound
were spiked into 5 mL whole blood. Samples were inverted
and incubated for one hour at room temperature. The whole
blood baseline sample did not receive any additive. Once
incubation was complete, whole blood samples were spun at
1500 rpm for 15 minutes for platelet rich plasma (PRP) and
3500 rpm for 15 minutes for platelet poor plasma (PPP).
Platelet count was adjusted to approximately 250,000/uL for
each sample using PPP.

[0062] For aggregometry, 450 pL. of adjusted PRP was
added to the glass cuvette. The blank sample contained 450
pL PPP and 50 pl. Hepes/Saline buffer. Fifty microliters of
a composition of 200 uM ADP and 220 nM PGE1 was added
to each PRP sample and tested for ten minutes on the
aggregometer.

Results

[0063] As illustrated in FIG. 3, the above reagents and
system successfully detects the extent of platelet aggregation
from a blood sample treated with an P2Y12 antagonist.
FIGS. 1 and 2 illustrates the mean response of one individual
and five individuals, respectively.

[0064] Tt is evident from the above results illustrated in
FIG. 3 that a simple, rapid method is provided by the present
invention for conducting an assay for platelet activity on
samples that have been affected by exposure to a P2Y12
antagonist.

[0065] In one embodiment of the present invention, meth-
ods are provided for measuring platelet reactivity of patients
following PCI receiving DES. In one embodiment, methods
are provided for identifying those patients with DES at risk
for stent thrombosis. In another embodiment, methods are
provided for identifying those patients with DES that have
clopidogrel-induced platelet inhibition.

[0066] In one embodiment of the present invention, a
determination was made for the relationship between the
response to clopidogrel, post-treatment reactivity (as defined
by either percent inhibition of platelet function relative to
baseline or absolute reactivity as measured by PRU and
adverse events using point-of-care testing for patients under-
going PCI receiving a DES, with a blood sample taken prior
to discharge.

[0067] PCI patients with DES can benefit with increased
dosing of clopidogrel should be considered in patients >100
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kg. EXPLAIN Point-of-care testing of platelet function at
the time of PCI may identify patients at high-risk for stent
thrombosis over 30-day follow-up. At-risk patients can
benefit from increased clopidogrel dosing regimens or alter-
native anti-platelet strategies (e.g., prasugrel).

EXAMPLE 2

[0068] A study of PCI patients was conducted. The
patients selected had at least one of the following, at least
one lesion =50% diameter stenosis requiring PCI, a refer-
ence vessel diameter between 2.25 and 4.0 mm, target lesion
located within a native coronary artery or bypass graft that
was either de novo or restenotic and no known allergy to
aspirin, clopidogrel, or any component of an DES.

Measurement of Platelet Reactivity

[0069] Whole blood was obtained from the sideport of the
arterial sheath prior to anticoagulant or anti-thrombin
therapy and by phlebotomy 12 hours post-PCI. The inhibi-
tory effect of clopidogrel was measured using the Veri-
fyNow® P2Y12 assay (Accumetrics, San Diego, Calif.).
The percentage inhibition induced by clopidogrel in patients
with a baseline sample prior to clopidogrel exposure was
calculated using the formula:

1-(PRU post-clopidogrel/PRU baseline)x100.

[0070] If the post-treatment ADP-induced aggregation
was greater after clopidogrel than at baseline, the percentage
inhibition was considered to be zero. In patients without a
baseline sample prior to clopidogrel exposure (i.e., patients
on chronic clopidogrel therapy prior to PCI), the percentage
inhibition reported by the device using the internal reference
channel was used.

Pharmacologic Therapy

[0071] All patients received uncoated aspirin 325-mg the
day of the procedure regardless of previous aspirin use.
Patients not previously taking clopidogrel were treated with
a 600-mg loading dose at the conclusion of the procedure
before leaving the catheterization laboratory. Either intra-
procedural heparin (with a goal activated clotting time of
>250 s) or bivalirudin were administered during the proce-
dure at operator discretion. Patients were instructed to take
aspirin 325-mg/day indefinitely, and clopidogrel 75-mg/day
for a minimum of 3 months Patients receiving glycoprotein
IIb/Ila inhibitors or who had received a loading dose of
clopidogrel within 24 hours prior to the procedure were
excluded from analysis.

Definitions

[0072] High post-treatment reactivity: the highest quartile
of'absolute PRU while on clopidogrel (on chronic therapy or
12 hours after loading dose).

[0073] Clopidogrel non-responsiveness: the lowest quar-
tile of percent inhibition of platelet function (relative change
in platelet reactivity after clopidogrel compared to the
patient’s baseline or the reference channel).

[0074] Patients were judged to be insulin resistant if their
Homeostasis Model Assessment index (calculated as [fast-
ing insulin (WU/mL)]*[fasting glucose (mg/dl)]/405) was
>3.0 or if they had diabetes requiring medication.
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Endpoints

[0075] The clinical endpoints measured were death, MI
(non-Q-wave and Qwave) and stent thrombosis. Peri-pro-
cedural non-Q wave myocardial infarction (MI) was defined
as CK-MB>3 times the upper limit of normal in the absence
of pathological Q waves. MI during the 30-day follow-up
period was defined as any elevation in cardiac enzymes
considered due to ischemia by the clinical events committee.
Stent thrombosis was defined as any of the following,
angiographic demonstration of stent closure or thrombus,
unexplained sudden death, MI without concomitant docu-
mentation of a patient stent. Acute thrombosis was defined
as thrombosis occurring within 24 hours of the PCI, and
sub-acute thrombosis as occurring between 24 hours and the
30-day follow-up.

Follow-Up

[0076] All data were prospectively collected and entered
into a central database. Clinical follow-up information was
obtained by contacting all patients at 30 days. All clinical
endpoints were adjudicated by an independent clinical
events committee that was unaware of the results of the
platelet function assays.

Method: Statistical Analysis

[0077] The computer-based analysis program SPSS (Sta-
tistical Package for the Social Sciences, 12.0 for PC, SPSS
Inc., Chicago, Il1.) was used for statistical calculations. The
chi-square test, or Fisher exact test when any expected cell
count was <5 for a 2 by 2 table, were used to detect
differences in categorical variables; p<0.05 was considered
significant. Comparison of continuous variables was per-
formed using Student t test. Univariate and forward condi-
tional (entry criteria of 0.05 and exit criteria of 0.10)
multivariate logistic regression analyses were performed to
identify characteristics or variables independently associ-
ated with clopidogrel non-responsiveness.

[0078] The following variables were tested and entered
into the multivariate analysis if the p value was >0.10 on
univariate analysis, age, gender, weight, body mass index
(BMDJ[30 kg/m2, history of diabetes, insulin resistance,
history of CHF, history of MI, history of HTN, current
smoking, renal insufficiency (creatinine[1.5), EF<40%, pre-
sentation with M, presentation with angina, bivalirudin use,
and prior use of aspirin, beta-blockers or atorvastatin.

[0079] Baseline clinical baseline clinical characteristics
are in Table 1 below.

TABLE 1

N =280
Mean age (yrs) 68 = 11
Male gender 213 (76%)
Diabetes Mellitus 75 (27%)
History of CHF 28 (10%)
Previous MI 82 (29%)
Current smoker 28 (10%)
Weight (kg) 89.5 =249
Body Mass Index (kg/m?2) 298 £ 7.8

Medical Therapy

Chronic aspirin
Chronic clopidogrel
Beta-blocker

242 (86%)
101 (36%)
171 (61%)
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[0080] Baseline Clinical Baseline Clinical Characteristics
are in Table 2.

TABLE 2

N =280
Mean age (yrs) 68 = 11
Male gender 213 (76%)
Diabetes Mellitus 75 (27%)
History of CHF 28 (10%)
Previous MI 82 (29%)
Current smoker 28 (10%)
Weight (kg) 89.5 +24.9
Body Mass Index (kg/m2) 298 = 7.8

Medical Therapy

Chronic aspirin
Chronic clopidogrel
Beta-blocker

242 (86%)
101 (36%)
171 (61%)

[0081] The indications for a procedure were determined
by one of the following, stable angina or ischemia in 261
patients (93%), unstable angina in 13 patients (4.8%), acute
MI in 6 patients (2.2%).

[0082] The lesion characteristics are listed in Table 3.

TABLE 3

N =454
Lesion length 19.9 mm
Pre-TIMI grade 0-2 flow 8.6%
Lesion score B2/C 66%
Chronic total occlusion 4.8%
Bifurcation lesion 16%
Saphenous vein graft 6.6% 6.6%
Unprotected LMCA 1.1%

[0083] The procedural characteristics are in Table 4.

TABLE 4

N =454
No. of lesions treated 1.7 =08
No. of vessels treated 14 0.6
Stented length (mm) 30.1 £20.2
No. of stents per lesion 1.5 =08
Mean stent diameter (mm) 29 +£03
Post-TIMI grade 0-2 flow 0.6%
IVUS guidance post-stent 13%
Rotablator performed 1.5%
Bivalirudin used 41%

[0084] The results for clopidogrel non-responsiveness
were, the lowest quartile of percent inhibition (clopidogrel
non-responsiveness) was defined by a percent inhibi-
tion<10% and/or a platelet response unit (PRU) of xxx.,
univariate predictors of clopidogrel non-responsiveness
were, presentation with MI (p=0.03), history of diabetes
mellitus (p=0.03), body weight in the highest quartile (>100
kg, p=0.03), and beta-blocker use (p=0.001).

[0085] The multivariate predictors for clopidogrel non-
responsiveness are in Table 5
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TABLE 5
Variable Odds Ratio (Conf Interval) p Value
Presentation with MI: 6.8 [95% CI 1.1 to 41.5] 0.038
Heavy weight* 2.0 [95% Cl 1.1 to 3.8] 0.033
Beta Blocker Use 2.5[95% Cl 1.3 to 4.9] 0.006

*Heaviest quartile of weight, >100 kg

[0086] Stent Thrombosis at 30 day follow-up is reported in
Table 6.

TABLE 6

N =280
Association with Stent Thrombosis:

Clop NR: p = 0.046
High post-Rx reactivity: p = 0.06
Clop NR + high post-Rx reactivity: p = 0.02

[0087] Stent thrombosis was found in a number of
patients. All patients were taking dual antiplatelet therapy at
the time of the thrombosis. Patient No. 1 had acute throm-
bosis 80 minutes after PCI, and was on clopidogrel at the
time of the procedure. The percentage of inhibition for
patient No. 1 was 0%. Patient No. 2 had sub-acute throm-
bosis 6 days following PCI and was on clopidogrel at the
time of procedure. The percentage of inhibition for patient
No. 2 was 0%. Patient No. 3 had sub-acute thrombosis 34
days following-PCl, was clopidogrel néive and loaded with
600-mg at the time of the procedure. The percentage inhi-
bition for patient No. 3 was 0%. Patient No. 4 had sub-acute
thrombosis 8 days following—PCI, was clopidogrel néive
and loaded with 600-mg at the time of the procedure. The
percentage inhibition for patient No. 4 was 44%. All three
patients with thrombosis, and non-response, were in the
highest quartile of absolute post-clopidogrel reactivity.

[0088] Inthis example, one quarter of patients undergoing
PCI had clopidogrel-induced platelet inhibition, defined as
<10% as measured by a point-of-care assay. Patients pre-
sented with MI had heavier weight, and beta-blocker use
was independently associated with clopidogrel non-respon-
siveness. Clopidogrel non-response was significantly asso-
ciated with stent thrombosis over a 30 day follow-up,
particularly in the setting of high absolute post-treatment
reactivity.

[0089] From this example, it is noted that dosing of
clopidogrel should be increased for patients greater than 100
kg. Additionally, point-of-care testing of platelet function, at
the time of PCI, can be used to identify patients at high-risk
for stent thrombosis over a thirty day follow-up. At-risk
patients can benefit from increased clopidogrel dosing regi-
mens or alternative anti-platelet strategies, including but not
limited to prasugrel and the like.

[0090] All publications and patent applications cited in
this specification are herein incorporated by reference as if
each individual publication or patent application were spe-
cifically and individually indicated to be incorporated by
reference.

[0091] Although the foregoing invention has been
described in some detail by way of illustration and example
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for purposes of clarity of understanding, it will be readily
apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modi-
fications may be made thereto without departing from the
spirit or scope of the appended claims.

1. A method of measuring platelet reactivity of a patient
that has a drug-eluting stent (DES), comprising the steps of:

a) obtaining a blood sample from the patient;

b) creating a combination by mixing the blood sample
with 1) an anticoagulant; 2) sufficient buffer to maintain
the pH and salt concentration of the anticoagulated
blood within a range suitable for platelet aggregation;
3) a platelet GPIIb/I1]a receptor ligand immobilized on
a solid surface; 4) one or more agents to enhance a
signal transduction pathway and 5) a receptor activator;

¢) incubating the combination under conditions for agglu-
tinating particles to form a mixture; and

d) assessing platelet-mediated agglutination in the mix-
ture, wherein the absence of agglutination indicates that
the patient has reduced ability to form platelet thrombi.

2. A method for identifying a patient with a drug-eluting

stent DES at risk for stent thrombosis, comprising the steps
of:

a) obtaining a blood sample from the patient being
assessed;

b) creating a combination by mixing the blood sample
with 1) an anticoagulant; 2) sufficient buffer to maintain
the pH and salt concentration of the anticoagulated
blood within a range suitable for platelet aggregation;
3) a platelet GPIIb/I1]a receptor ligand immobilized on
a solid surface; 4) one or more agents to enhance a
signal transduction pathway and 5) a receptor activator;

¢) incubating the combination under conditions for agglu-
tinating particles to form a mixture; and

d) assessing platelet-mediated agglutination in the mix-
ture, wherein the absence of agglutination in the mix-
ture indicates that the patient has reduced ability to
form platelet thrombi.

e) measuring platelet reactivity of the patient; and
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f) determining a risk level of stent thrombosis of the
patient in response to measurement of the platelet
reactivity.

3. A method for determining if a patient has clopidogrel-

induced platelet inhibition, comprising the steps of:

a) obtaining a blood sample from the patient being
assessed;

b) creating a combination by mixing the blood sample
with 1) an anticoagulant; 2) sufficient buffer to maintain
the pH and salt concentration of the anticoagulated
blood within a range suitable for platelet aggregation;
3) a platelet GPIIb/I1la receptor ligand immobilized on
a solid surface; 4) one or more agents to enhance a
signal transduction pathway and 5) a receptor activator;

¢) incubating said combination under conditions for
agglutinating particles to form a mixture; and

d) assessing platelet-mediated agglutination in the mix-
ture, wherein the absence of agglutination indicates that
the patient has reduced ability to form platelet thrombi.

e) measuring platelet reactivity of the patient; and

f) determining if the patient has clopidogrel-induced
platelet inhibition in response to measuring platelet
reacitivity.

4. A method of measuring platelet reactivity of a patient

that has a drug-eluting stent (DES), comprising the steps of:

providing an ADP platelet activator to a sample from the
patient;

providing one or more platelet inhibitors to the sample, at
least one of the platelet inhibitors being Prostaglandin
El (PGE1),

actively producing an alternate signal transduction path-
way in response to providing an ADP platelet activator
and providing one or more platelet inhibitors,

wherein in response to activity producing an alternate
signal transduction pathway with a final concentration
of ADP being 2 to 35 uM and a final concentration of
PGE]1 is 2 to 30 nM; and

measuring platelet reactivity of the patient in response to
the final concentration of the ADP.

#* #* #* #* #*



