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MAINTENANCE OF PLATELET INHIBITION DURING
ANTIPLATELET THERAPY

[1]

Field of the Invention

[2] The instant invention relates to the field of platelet inhibition, and in
particular to methods of maintaining or reducing platelet activity in

patients undergoing an invasive procedure.

Background of the Invention

[3] Anti-platelet therapy has been shown to reduce clinical ischemic events
and improve outcomes for acute coronary syndrome (ACS) patients.
Currently, the approved anti-platelet produces include aspirin and
thienopyridines, such as clopidogrel and ticiopidine. One of the most
widely prescribed thienopyridines is clopidogrel, which is also known as

Plavix®,

[4] Thienopyridines such as clopidogrel irreversibly inhibits P2Y 2

receptors which play an active role in platelet activation. In the normal
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state, when blood vessels are damaged, platelet activation meadiated
by F2Y5, receptors play an important role to arrest bleeding at the site
of Injury. In a dissased state, platelet activation leads to vascular
occlusion and tschemic damage. Thus, P2Yy receplors antagonists
play a key role in antiplatelet therapy in assisting to prevent coronary
artery disease and for the immediate treatment of ACS and

percutaneous coronary intervention {(PCH.

{5} Physicians often prescribe dual anti-platelst therapy, which include
aspirin and a thienopyridine, such as Céépiciogrei for patients who have
heen diagnosed wiih ACS or for paﬂents who are showing symptoms
associated with ACS as a first line treatment.  Pending further
axaminations, these patients may continue with this treatment or
receive other trealments such as coronary arlery bypass grafting
{CABG) and PCL Consistent with this practice, current American
College of Cardiology! American Heart Association (ACC!AHA}
guidelines recommend immediate initistlon of dual ant-platelst
therapy of clopidogrel and aspirin afier a patient is’ diagnosed with
ACS. Similarly, patients that have received a bare metal stent or
drug-eluting stent are also put on the dual clopidogral and BSDires
therapy for an extended period of time to prevent an ischemic event.
For inslance, a post hoe analysis of a blinded, placebo-controliad irial

suggest a benefil of platelet activity inhibition in terms of decreased
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thrombeotic events prior to CABG (Fax KA ef. al, Circufation. 2004,
110; 1201-08). For many patlents, this dual anti-platelet therapy
provides tremendous dlinical banefils, and minimizes the risks of

ischamic avents, such as heart attack and strake.

Dual anfi-platelst therapy, howevear, has drawbacks. Cessation of
clopidogrel may increase the incidence of ischemic svents in the
short-term due {0 a “rebound” effect of platelet activation (Brilakis £5
et al, J Am Coll Cardiol. 2007 Jun §48{22):2145-50; Ho PM et al,

JAMA. 2008 Feb 6,208(5):532-9)}.

in addition palients receiving dual anti-platelet therapy experience an
increased incidence of blood transfusions and blesding complications
white undergoing surgery and other invasive procedures. This is
pamcu%aﬁy rrue for ACS patients who often receive surgery, such as
CABG and PCl, and other invasive procedures, such as implantation
of a bare metal stent (BMS) or drug-eluting stent {DES). Because
aspirin and thienopyridines are irreversible, long-acting platelet
antagonisis reversal of the inhibition of platelet function occurs only as
new platelets are genéraied and therefore sven after discbntmuatim,

their effect can lasts several days before being completely eliminated.

Thus, for patients under dual therapy who also require surgery such

as CABQG sustained platelst inhibition poses an unacceptable risk of

(VS
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bigeding. Cénsequent@y, it has been recommended by the ACT/AHA
and the Bocioty of Thoracic Surgeons (8T8) guidelines fo cease
thiangpyridineg thaerapy priar té undargoing non-emergent cardiac
surgical procedures o minimize bleeding risks. Thus, patienis are
often required fo slop dual anii-platelst therapy and wait for five 1o

seven days before any invasive procedures can be performed,

On the ofher hand, sven though clopidogrel treatment prior to CABG
does increase bleeding due fo iz irreversibility, plateist P2Y12
inhibition doas appear to prevent iaschemic events in patients requiring
CARG.  As a result, physiclans offen face the difficult choice of
discontinuing clopidogrel and aspirin prior o swgery and risking a
potential ischemic svent in the unprotected perioperative pericd or
delaying Surgéry until the fime at which dlopidogrel s no longer

reguired.

Currently, no ulfra short-zcting platelet inhibitors are available that
allow maintenance of platelet inhibition before an invasive procedure
without increasing bleeding complications at the time of an invasive
procedure. Potentially, effective platelet inhibition with an ultra short-
acting piatelet inhibitor during the period of clopidogrel withdrawal may
protect patients from ischemic events and also preserve normal

hemostasis at the time of surgery.



[11] Therefore, a need exists for a new therapy for patients who are
undergoing surgery (this includes therapy prior to, during, and post) or
other invasive procedures, and who have a need for anti-platelet therapy.
This new therapy maintains platelet inhibition at acceptable levels while
allowing for rapid restoration of platelet function after discontinuation
so that patients may undergo surgical procedures without increasing the

risk of bleeding complications.

[12] Inaddition, aneed exists for a new therapy for patients who, for whatever
reason, cannot be administered thienopyridines, such as clopidogrel or

Plavix®, or cannot receive orally administered antiplatelet therapies.

Summary

[12a] Certain exemplary embodiments provide use of a continuous infusion
of cangrelor at about 0.75 ng/kg/min for between about 2 days and about
7 days via a dedicated peripheral or central line, to maintain or reduce
platelet activity in a patient for which oral administration of platelet
inhibition therapy is contra-indicated, such that the cangrelor maintains
PRU values of less than 240 in the patient prior to the patient undergoing

an invasive procedure or surgery.

[12b] Other exemplary embodiments provide use of a continuous infusion of
cangrelor at about 0.75 pg/kg/min for between about 2 days and about 7
days via a dedicated peripheral or central line, to maintain or reduce

platelet activity in a patient previously treated with a thienopyridine

Date Regue/Date Received 2020-08-24



prior to undergoing an invasive procedure or surgery, such that the

cangrelor maintains PRU values of less than 240 in the patient.

[13] As shown herein, the present invention describes compositions and
methods of maintaining or reducing platelet activity in a patient prior to
the patient undergoing an invasive procedure by administering an

effective amount of short-acting P2Y 12 inhibitor.

[14] In one aspect of this invention methods are described for administering
an effective amount of a short-acting P2Yi> inhibitor to maintain

or reduce platelet activity in a patient before an invasive

S5a

Date Regue/Date Received 2020-08-24



CA 02844931 2014-02-11

WO 2013/025476 PCT/US2012/050283

{16}

e
ook,
~3

Sounad

118

18]

£

procedure, in a patlient previously treated with long-acting irreversible

platelet inhibliors without an increase risk in bleeding.

In a related embodiment of this method, other therapeutic agents are
administered concurrently with the reversible, shortacting P2Y4p

irhibitor.

in another related embodiment of this meathod, the risk of biseding is

not increased.

In another aspect of this invention, a short-acting P2Y 1 inhibitor is use
to maintain or reduce platelet activity in patients perioperatively where
oral antiplatelet therapy s contraindicated. The reversible, short-
acting F2Y.; inhibitor can be administered to a patient as a bolus and

or a continuoys intravenous infusion.

in another aspect of this invention, methods are described whare an
effective amount of a shortacting F2Y4p inhibifor s administered o
sufficiently reduce or maintain at least 60% platelet inhibition or PRU

values less than 240 prior 1o the patient undergoing an invasive

procedure,

in a related embodiment to this method, the shortacting P2Yyq,

inhibitor is discontinued thereby allowing platelet activity to return to

N
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pre-administration Jevels as measured by PRU being greater than

240,

in yet gnother aspect of the prasent invention, methods are described
for administering a reversible, shorl-acting P2Y4; inhibitor to a patient
who was prssviousiy administered a thienopyridine, and ceasing
administration of the short-acting P2Yy, inhibitor wherein the PRU
levels is similar to pre-administration levsls of the shortacting P2Y4

infyibitor, prior to said patient undergoing an invasive procedure,

Iy another aspact of this invention, & method of treating or preventing
thrombosis is described by adminisiering a short-acting P2Y ., inhibitor
to a palient previously treated with 3 long-acting irreversible platslet

inhibitor, where the risk of bieading is not increasad,

in another aspect of this invention, an intravenous pharmaceutical
compasition of cangrelor is described for maintaining or reducing

platelet inhibition,

in ancther aspact of this invention, a method for preparing an
intravenous cangraier composition for inhibiting platelet actvity by
combining  cangreior with mannitol, sorbitol and  intravenousty

administrable excipient for maintaining PRU values at a certain level.

~3
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Brief Description of the Figures

{24

{261

Understanding of the present invention will be facilifated by
congideration of the following detailed description of the embodiments
of the pressnt invention {aken in conjunction with the accompanying

drawings, i which like numerals refer to like parts and in which:
)

FIG, 1 i 3 graphical presentation of the percent ihibition of ADP-
induced platelet aggregation and effect on bleeding time.

FiG. 2 is a flow chart of the time periods through which the present
invention is performed.

o’

FIG. 3 is a flow chart of a study demoenstrating an exemplary msthod.

FiG. 4 is a table of the studied assessments by fime point.

Detalled Description

{291

it is {o be understood that the figures and descriptions of the present
invention have been simplified {o llustrate elements that are relevant
for a clsar understanding of the present invention, while sliminating,
for the purpose of clarity, many other slements found in typical
antiplatelet therapies. Those of ordinary skill in the art will recognize
that other elements andfor steps are desir ble and/or required in

implementing the present invention. However, because such slemants
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(32}

and steps are well known in the art, and because they do not fadliitate
a better understanding of the present invention, a discussion of such
elemants and steps is not provided herein, The disclosure herein is
dirscted fo all such variations and modifications to such elemants and
mathods known o those skilied In the st Furthermore, the
embodiments identified and {llustrated hereln are for exemplary
DUFPOSES orly, and are not meant to be exclusive or fimited in thelr
description of the present invention.

The present invention provides a method for inhibiting platelst
activities in patients prior to undergeing an invasive procadurs,

The methods described in the present invention maintains platelet
inthibition at acceptable and ta%g@ted fevels, while allowing for rapid
rastoration of plateiet func’sjen after discontinuation of the drug therapy
so that patients may undergo invasive procedures without increasing
the rigk of bleeding complications.

The described methods can be used for patients in need of freatment
to reduce or maintain platelet inhibition. Preferably the described
methods can be used in patients at risk of thrombotic events. More
preferably the embodiments of the present invention are directed {o
patients diagnosed with symptoms of stable or unstable angina,
vascular ischemic events, atherosclerosis, acute coronary syndrome,

as well as STEM! or N-STEML. The described methods can also be
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used for patients having previcusly received a sfent, such as a hare
matal stent or a drug-eluting stant, for the treatment or prevantion of
stant thrombosis. While the present invention is generally targeted for
use with human patients, the described methods can be used on any
living animal,

The present invention further provides a methed for reducing or
maintaining adequate P2Y inhibition with rapid reversibiiity upon
discontinuation of long-acting irreversible platelet inhibitors prior fo
patients undergoing invasive procedures without increasing the risk of

bleeding complications.
Definitions

Long-acting P2Y.s: inhibitors refer to compounds which inhibit P2Yy,
receptor activities, having a slow on-sst and long slimination hali-life.
Examples of long-acting P2Yy, inhibitors are typically formulatad as
oral dosage forms. One example of long-acting P2Y.y inhibitor is
Ecng~ac‘=ﬁ'ng irreversible PZYy, inhibiiors, Examples of long-acting
froversible P2Y.; inhibitors include thienopyridines. Examples of
thienopyridines, include without limitation clopidogre!, ticloridineg, and
prasugrel and such other compounds having similar properfies.
Clopdogral is & pro-drug that requires metabolism for conversion o

the active meiabolite.

16
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[38]

Shortacting reversible, F2Y4; inhibiters refer fo compounds which
inhibits P2Y1, recepior activilies, having a fast onset fime and a
refatively  short  metabolism  rate as compared to those of
thienopyridines. Examples of a short-acting, reversible P2Y s inhibitor
include, without limifations, cangrelor, ticagrelor and PRT080128, |
shouid be noted fhat the present invention ig not limited o these
examples. Additional compounds that have similar properties may

alao be usad in the present invention.

One particularly preferred example of a reversible, short-acting P2Y4,
inhibitor is cangrelor.  Cangrelor s a potent, direct, and reversibie
antagonist of the platelet P2Y4, recepior. Cangrelor has a half life of
approximalely tess than 10 minutes, allowing for a retum to normal
platelet function In a very short period of time upon diswménuatian of
the drug. By reducing the nead for a compound (o be metabolized for
activity, and by having a relatively short half ife, reversible, short-
acting P2Yy, inhibitors are cen&%dered ‘reversible”, meaning that full
platelet funclionality may return rather quickly as compared fo

thisnopyridines.

The binding of cangrelor to the P2Yy receptor inhibits platelst
activation as well as aggregation when mediated in whole or in part

via this receptor. Cangrelor can be derived compietely from synthetic

11
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rmaterials, and is an ansiogue of adencsine triphosphate (ATP), the

natural antagonist found i humans specific to the P2Yy; recepior

sites.
{391 The chemical structure for cangrelor is depioted below as Formula |,
Formmula 1
ff
g
O O O rocs N
i1 o . NH
qo""j \/><’ "o N Nl N
HO /N OH  OH iT
bl 3 4 N N
HG DR {
3
F .
Iy
¥
{461 Cangrelor is clinically well {olerated and safe and doss not react with

aspirin, heparin or nitroglycerin,  Unlike oralfly dosed theinopyridines,
cangrelor can be administered infravenously and binds directly fo
P2Y12 receptor sites of plateiets. in sach of the embaodiments of the
present invention, the term “cangrelor” encompasses the compound of
Formula | as well as lautomeric, enantiomeric and digstereomeric

forms thereof, and racemix mixtures thereof, other chemically active

12
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forms thereof, and pharmaceutically accepiable salts of these
compounds, including a tetrasodium sall. These alternative forms and
salts, processes for thelr production, and pharmacsulical compositions
comprising them, are well knowr in the art and set forth, for axample,
i WS, Pat. No. 5,721,219, Additional d_isc%osure relevant fo the
production and use of cangrelor may be found in U5, Pal Nos
8,855,447, 6,130,208 and 6,114,313, as well as in U8, Appin,

Fublication Nos. 2006/0270807 and 2011/0112030.

invasive procedures means any lechnigue where eniry 0 a body
cavity ia reguired or whare the normal function of the body is in soms
way inierrupted by a medical procedure and/or freatment thatl invades
{enters) the body, usually by cutting or punciuring the skin and/or by
inserting instruments infc the body. Invasive procedures can include
coronary artery bypass grafting (CABG), orthopedic surgeries,
urological surgeries, percutanecous coronary intervertion (PCH), other
general invasive procedures, such as endarterectomy, renal dialysis,
cardio-pulmonary bypéss, endoscopic procedures or any meciicéi,
surgical, or dental procedure that could result in excessive bleeding or

hemorrhage o the patient,

Perioperative means the pericd of a patient's invasive procedure

whiich can ocour in hospitals, surgical cemters or health care providers'
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{45}

offices. Perioperative includes admission, anesthesia, surgery, (o

recovery.

Thrombosis is the formation of g blood dlot (thrombus) inside & blood
vassel ohstructing the flow of bilood through the circulatory system.
YWhen a blood vesseal is injured, the body uses platelets and fibrin o
forrr a blood clot fo prevent bivod loss. Some examples of the types
of twombosis include venous thrombosis which includes desp vein
thrombaosis, portal veln thrombosis, renai vein thrombaosis, jugular vein
thrombosis, Budd-Chiarl syndrome, Paget-Schrostter  diseass,
cersbral venous sinus thrombosis, cerebral venous sinus thmmbas%s
and arterial thrombosis which includes |, stroke and myocardial

infarction.

Dosage and Adminisiration

"W

As used herein, the terms "dose”, "dosage”, "unit dose”, "unit dosage”,
"offactive dose®, "effective amourt” and related terms refer to
physicatly discrete urits that contain a predefermined quantity of
cangrelor, calculated fo produce a desired therapeufic effect. These
tenms aré synoryous with the therapeutically effective amounts and
amounts sufficlent o achieve the slated goals of the methods

disclosad herein

14
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When administered as  an  inkavenous (V) formulation, 2

pharmaceutical cefnpcsition comprising  cangrelor  may  be
administerad as a bolus, as a continucus infusion, or as a bolus
followad by a continuous infusion. When administered as a holus, a
dose of about §, 10, 18, 20, 28, 30, 35, 40, 45, 5O, §5, 60, 88, 70, 75,
80, 85, 80, 85 or 100 pglkg cangreior, or more, is administered to the
patient. In preferred ambodiments, betweaen about 20 pg/kg and about
40 pulkg cangrelor is administered, more prefarably about 30 uglke.
When administered as a Conﬁnmus infusion, cangreior may be
administerad at about 01, 0.5, 075, 1,2,3. 4, 5,6, 7, 8, 8, 10,15, 20,
25, 30 uglkg/min, or more 1o the patient. In preferred embodiments,
betwean about 0.1 and about § pg/kglmin cangrelor i administered,
more prefered is ad{nir‘;istration of cangralor in the range of agout 0.5
ug/kg/min o about 2 uglkg/min. Even more preferred is a dosage
range of cangrelor at about 0.5ug/ kg/min © about tug /kg/min. The
skilled artisan will understand thal different bolus and intravenous
dosages from those set forth here may be administersd based on the
particular characteristic of the patient. Thus, the dogage amount can
be variad from the dosage amount presently described, however, the
dosage given must be sufﬁcﬁ@m‘to reduce or maintain the PRU values

below about 240 as measured by VerifyNow™.

15
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(47

in addition, the skilled artisan will understand that the exact amount of
reversible short-acting P2Y.; inhibitor to be administered t© a patient
will vary depending on the degree of platsiet activity inhibition that is
sought,  For example, thé amount of reversible shorbacting P2Y4
nhihitor 1o be administered 1o a patient during an invasive procedure
that will result in bleeding may be much less than the amount that

would be adminisiered when such a procedure is not being performed.

The dosage of the reversible shori-acting P2Y., inhibitor may be
administered as a continuous infravencus infusion or i may be
administered in discrete does, such as between 1 and 48 doses, or
more, per 24 hour pericd. The dosage of the reversible short-acting
P2Y .y, inhibitor may vary over time, with a lower dosage being initially
administered, foliowed by an increased dosage for a sustained period
of time, with an optional decrease in the dosage prior to compleie
cessationn of administration of the reversible short-acting P2V
inhibitor. Such a dosing regime may be used in conjunction with the
goncurrent cessation of thienopyriding andlor aspérin traatment and
beginning of reversible short-acting P2Yqe inhibitor.  Such dosing

regime can also ensure a constant level of platelet activity inhibition,

16
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{51

in other forms, a reversible, shorbacling P2Yy inhibitor can be
administered at a dally dose of from 0.1 mg to 1000 mg, which may be

in divided doses a.g. up {0 8 times per day.

The fotal amount of reverstle, short-acting F2Y5; inhibiior that may be
administered 1o a subject may be between about 0.01 and 1000 mg
per 24 howr period, with exemplary fotals of about 0.5, 0.75, 1.0, 1.25,

1.5, 1.75, 2.0 and 2.5 mg per 24 hour period.

in each of the embodiments where the pharmacsutical composition is
administered as continuous intravenous infusicn, the infusion may
continue for &t least about 2 days 1o about 7 days. The skilled arlisan
will understand that the pericd of time over which the pharmaceutical
composition s administered may be shoder or longer than the

indicated tmes due fo the parficular characlenstics of a palient

Administration of a reversible, shor-acting P2Yq, inhibifor can be

made several days {6 several hours prior o the invasive procadure.
One exampie is to administer a reversible, short-acting P2Y 1 inhibitor
about 7 davs o about 1 hour prior o an invasive procedurs, To
maintain platelet inhibition, the reversible shorl-acting P2Y4; inhibitor
should be administered within abouwt 2 days to about 7 days of ceasing
administration of the long-acting platelet inhibitor. A further example is

io administer the reversible short-acting F2Y.; inhibitor within about 3
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days of ceasing administration of the long-acling platelet inhibitor,
Uiscontinuation of the reversible short-acting P2Y12 inhibitor can be
performed about 1 to 8 houwrs before a surgics! procedure. It should
be noted that the duration for adminisiering a reversible, shortacting
P2Y4s inhibitor often vary depending ont which reversible, shortacting
P2Y.4, inhibitor is used and the particular characteristic of the patient.
Ona skilled in the art can vary the duration of administration so long as

plataelet inhibition as measured by VerifyNow® is below about 240,

Reversibie, shorf-acting P2Y .+ inhibitors, such as cangrelor, ticagreior
or PRT060128, can be administered using any of the various methods
and delivery systems known fo those skiled in the arl The
administering can be performed, for example, intravenously, orally, via
implant, transmucosally, fransdermally, Intramusculary, intrathecally,
and subcutansously,  According to one preferred embodiment, a
roversible, short-acting P2Y,, inhibitor may be administered
infravenously, B is contemplated that the reversible, short-acting
P2Y inhibitor can be administered intravenously in accordance with
the presert invention during surgery, when the patient is comalose, or
any other such scenario where the oral administration of the inhibitor
is prohibited.

in the case of édminéstering the therapy prior to surgery in accordance

with one embediment of the present invention, such use allows

18



patients fo undergo surgery or other invasive procedures without
excassive perioperative blesding. For example, as described herain,
cangrelor infusion can  maintain  platelet inhibition levels of
approximately greater than or equal t¢ about 80% after discontinuation

of clopidogrel without an increase in bleeding risk and beéfors the

invasive procedure tegins,

{541 In addition to the pharmaceutical compositions of the present
invention comprising cangretor, the skilled artisan will understand that
additional therapeuiic agenis may be used in combiﬁation with
cangreior. By way of non-limiling examples, compounds such as
aspirin, bibalirudin  unfractionated heparin, low molecular weight
heparin, fondaprinux sodium, warfarin, coumarins, thromaoblytics such
as streplokinasg, Alleplase, Reteplase, urokinse, Tenectepiaée,
giycoprotein Hibdlia inhibitors such as eptifibatide, abeiximab, tirofiban,
epsilon amino-caproic acid, and tranexamic acid, can be ussd zs

concomitant medications.

[55] Measuremeni of platelet activity
[56] Assessment of platelet function can be determined by use of the VerifyNow®

assay and the System User Manual (Accumetrics, San Diego, CA, 2009).

The VerifyNow®™ P2Y,, assay is a point of care device for the assessment

CA 2844931 2018-12-06
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of the level of inhibition of platelet activation specifically designed for
patients exposed o thienopyridines. it should be understood that any
assay systemt for determining leveals of inhibifion of platelet activation
can be used, as understood by those having skill in the art Blood
samples for the Verif’yf\iow® P2Y+; assay can be collected inte Greiner
\

Bio-One Vacustie partial fill blood coliection tubes (2 mb ill volume)

containing 3.2% citrate, or by other sultable means.

The VerlfyNow® P2Yy, assay is a rapid platslet-function cartridge~
based assay thal aclivates plateiets using adenosine diphosphate
(ADP), but also uses prostaglandin F1 o suppress the AlPunduced
P2Y1-mediated Increase in intracellular calcium levels to incresse the
specificity of the test for inhibition of the F2VYy, receptor. The fest
cartridge confains a lyophilized preparation of human fibrinogen
coated beads, platele! agonist, buffer and preservative. Fibrinogen-
coatad microparticies are used 10 bind o avallable platelet receplors.
When the activaled platelets are sxposed to the fibrinogen-coated
microparticles, agglutination occurs in proportion to the number of
available plaieiet receptors. The whole-blood citrate mixture is added
to the cartridge, and agglutination between platelets and coated beads
is recorded. The VerifyNow® P2Y., device is a turbidimetric opiical
detection system, which measurses platelet induced aggregation as an

increase in light transmittance. VerifyNow® P2Y; testing can be used

20
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at any fme point as described herein to assess the level of inhibition

of platelet activity.

Assay resulls are expressed in P2Yy: reaction units (PRU)

(VerifyNow® Sysiem User Manual {Accumetrics, San Diego, CA,
2008)). High platelet reactivity, as assessed by VarfyNow® P2Yq,

. spems s by -~ ~ i - i ~ TR 2 ¥ H e o
sssay was defined as a PRU value greater than 240, The lower the

PRU valys the greater the inhibition of the PZYys receplor resulting in

° N .

invention, the FRU level is preferably mainiained during the pericd of

sngralor administration at 240 or fess. In a preferred embodiment of

o

tha present invention, the dose of cangrelor was .75 pglkg/min. This

i

(]
3

dose was maintained for about 2 to about 7 days. PRU values in the

patients were less than or equal to 240

it would be understood by those skilled in the art that increasing the
concentration of cangrelor infusion will resull in a decrease in PRU
vaiues and an increase in the percent platelet inhibition. it is therefore
praferred o measure PRU values during the course of cangrelor

infusion and to adjust the infusion rate accordingly.

Pharmaceutical Compositions
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in eaéh aspect and embedimeant of the present invention, short-acting
reversible platelet inhiblior is administered 1o a patient in the form of a
charmacedtical composttion comprising the active ingradiant and,
optionally, a pharmacsutically acceptable camier, diluent andior
excipient. Thus, the present invenfion encompasses: () a
pharmaceutical  composition  comprising  cangrelor,  and  a

pharmaceutically acceptable carrier, diluent and/or excipient;

Suitable carriers and diluents are well known to those skilled in the art
and include saline, such as 0.8% NaCl, bufiered saline, dextrose (2.9.,
5% dexirose in water], water, Wa?esmf@rniﬁjec’tim {(WFD, glycerol,
asthanol, ringer's solution, propviene glycol, polysorbate B0 (Tween-
80}, 0.002% polysorbate 80 (Tween-80), poly(athyleneiglycol 300 and
400 (PEG 300 and 400), PEGylated castor off (e.g. Cremophor EL),
poloxamer 407 and 188, g cyclodextrin or a cvclodexirin derivative
{including  HPCD  {(Z-hydroxypropyli-cycindexirin) and {2~
hydroxyethyi)-cyclodextrin, hydrophilic and hydrophobic carers, and
combinations thereol. Hydrophobic carriers include, for exampie, fat
emulsions, lipids, PtGylated phospholipids, polymer matrices,
biccompatible polymers, lipospheres, vesicles, partécies,. and
fiposomes. Exciplents included in a pharmaceutical composition have
differant purposes depending, for example on the natre of the drugs,

nd the mode of administration. Examples of generally used

22
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excipienis nclude, withowt limitation: siabilizing agents, solubilizing
agents and surfactants, buffers, antioxidanis and preservatives,
ionicity  agents, bulking agents, lubricafing asgents, emulsifiers,
suspending ot viscosity agents, inert diluents, fillers, disintagrating
agents, binding agents, wetling agents, lubricaling sagents,
antibacterials, chelating agents, sweeteners, perfuming sagents,
flavouring  agents, coloring  agenis, administration  aids, and

combinations thersof.

The pharmaceutical composition may contain common carrlers and
excipients, such as comstarch or gelstin, laclose,  sucrose,
microcrysialiine cellulose, kaolin, mannitol, sorbifon, dicalcium
phosphate, sodium chioride, alginic acid, croscarmeliose sodium, and

sodium starch giyeolate.

The pharmaceutics! compositions of the present invention may be
formulated, for example, for oral, sublingual, infranasal, intraocular,
rectal, transdermal, mucosal, topical or parenteral administration.
Parentera& modes of administration include  without  limitation,

itradermal, subcutansous (s.c., 5.4, sub-Q, Hvpo), intramuscuiar

(tm.), intravenous (iv.), intraperifoneal  (ip.), intra-arterial,

intramedulary, infracardiac, intra-arficular (joint}, intrasynovial {(joint

fluid area), intracranial, intraspinal, and intrathacal (spinal fluids). Anv
o f J

o
03
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known device useful for parenteral injection or infusion of drug
formulations can be used to effect such administration. in noted
aspects and embodiments of the prasent invention, admin%streﬁan of
the pharmaceutical compositions is via parentaral administraﬁoﬁ,

preferably intravenous administration,

in intravencus (V) administration, a sterle formulation of thé
pharmaceutical compositions of the prasent invention and optionally
one or more additives, including solubilizers or surfactants, can be
dissolved or sugpended in any of the commonly used infravenous
fluids and administered by infusion. Infravennus fluids include, withowt
fimitation, isotonic infusion media such as physiclogical saline, 0.8%
NaCl, phosphate buffered saline, 5% dextrose in water, §.002%

polysorbate 80 (Tweern-80) in water or Ringer's solution.

Pharmaceutical compositions comprising cangrelor of the present
invention include pharmaceutical compositions comprising from about
0.1 1o about B0 mg/mi of cangrelor.  Particular examples of
pharmaceutical  compositions  comprising  cangrelar  include  the
following: (i) cangrelor at a concentration of about 0.1, G"”« 1,2, 3, 4,
5 6, 7,8 9 or 10 mg/mb in 0.8% NaCl, and (i) cangrelor at a

concentration of about 0.1, 0.5, 1,2, 3, 4,5,6, 7, 8 8, or 10 mg/ml in

5% dextrose in water. The pharmaceutical composttion may further

24
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comprise 3 pharmaceutically acceplable carrier or diluent such as

sorbitol and mannitol.

One method for preparing a cangrelor composition includes dissolving
50my lvophilized cangrelor or its pharmaceutically acceptable salt by
injecting Smi sterile watsr infe a 10mi vial contalhing cangrelor or s
pharmacautically acceptable sall thereof, preparing an infravenous
bay by immediately adding the dissolved cangrelor {o an intravenous
bag containing saline soluion in volumes such as 250mi, 500mi, or
1000mi of saling solution and mixing the in‘;ravenous bag thoroughly
for administration. Cangreior‘ compositions  shouid be prepared
immediately prior o administration via infugion. 1t is within the skilled
i the art fo vary the volume of saline and amount of cangrelor in the
exemplary method described above to achieve the dcsagé amount

describad in the preferad embodiments.

The described methods can be used Sor pafients diagnosed with
symptoms such as stable or unstable angina, vascular ischemic
events, atheroscierosis, acz}te coronary syndrome, including STEMI or
N-STEML.  The described methods can also be_ used for patienis
having previously received a stent, such as a bare metal stent or a
drug-eluting stent, and the treatment or prevention of stent

thrombosis.
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The described methods can be used for a patient before, during, and
after an invasive procedure, such as coronary artery bypass grafiing,
orthopedic surgeries, uological surgeries, parcutanecus coronary
infervention, ofther general  invasive procedures,  such  as
andariersctomy, renal dialygis, cardio-pulmonary bypass, endoscopic
praceduras or any medical, surgical, or dental procedure that could

poteniizlly iead to excessive blesding or hemorrhage.

Further, the described methods of the present invention can be used
in a patient who cannot be orally administered therapies and, for
whatever ragson, cannot be administered long lasting thisnopyridines,

such as clopidogre! or Plavix®
Results of the Msthods

To determine how fo administer a reversible, shoart-acting P2Y
inhibitor or the amount of a reversible, short-acting P2Y4, inhibitor fo
be administered, the pharmacokinetic profile of the reversible, short-
acting P2Yy; inhibitor can be analyzed using the methods well-known

o a person skiled in the art.

For example, the pharmacokinatics of cangralor has been shown 10 be

subsiantially iinear, and iis steady-state plasma concentrations can be
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achieved in jess than approximately 5 minutes following the
administration of an intravenocus infusion.

Cangrelor produced potent inhibition of ADP-induced platsiet
agaregation ex vivo with 1C80 7.72 +/ 1,88 ng/mbl. As may be seen in
Figure 1, over B0% inhibition was achieved &t doses of ahout 0.5
gatka/min and above. Inhibition by cangrslor was rapidly reversible
and platelet aggregatory response restored close to baseline within
one hour of étsppiﬂg the infusion. An infusion dose of approximately
about 0.75 ughkg/min of cangrelor can also maintain adeguate
antipiatelet aclivity durtng infusion in the targeted patient prior o an
invasive procedure,

it has been determined that consistent and complete platelet inhibition
can be maintained throughout cangrelor infusion with full recovery of
plateiat funclion within approximately one hour of infusion cessation.
Clopidogrel administration at the termination of cangrelor infusion may
laad 1o the expecied degree of platelet inhibition, which may be
measured by F-selactin éxpression, alectrical impedance and light
transmittance aggregometry.

Exampls {

Without limitations, Figure 2 provides a brief summary as to how the

methods described in the present invention may be used in a patient

]
~3
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in need thereof, It should be undersiood that the method of the

prasent invention is not fimited to the procedure described in Figure 2.

Fig. 2, shows a screening period 210 used for determining the dosage
necessary for achieving platelet inhibition greater than a pre-
determined level, for example, of approximately 80%. A pre-cperative
period 220 of up o approximately 7 days prior {o surgery can be used
for administration of a revarsible, short-acting P2Y4 inhibitor.  An
intra-operative period 230 lasting from the discontinuation of the
reversible, short-acting P2Y.; inhibitor to the end of surgery can be

uaed.

During the screening period 210, the dosage of a reversible, short
acting P2Ys, inhibitor, necessaﬁ' fo achisve platelel inhibition greater
than approximately 60% can be determined. Other suitable levaels of
percent inhibition are approximately 68, 70, 75, 80, 85, 90, 95 and
100%. For exampie, infravenous infusion of a reversible, short-acting
P2Y o inhibitor can be administered to g patient in doses typically
ranging from about 0.5 ugfkg/min to about 5.0 pglkg/min, preferably
about 0.5 pg/kg/min to about 2.0 pgfkg/min and pardicularly at doses
of 0.5 pg/kg/min, 0.75 ugfkg/min, 1.0 ng/kg/min, 1.8 pg/kg/min and 2.0

ug/kg/min, untit measured platslet inhibition is greater than the pre-
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defermined level, Smaller or larger doses may also be used as

neadead to achieve the required lavel of platelst inhibition.

Cptionally, the dosage of a revarsible, short-acting P2Y 4, inhibitor for
any par'{icu&ar“patéent can also be determined ahead of time, 50 as to
reduce the need o give multiple dozes 1o achieve the required level of
platelet inhibition. In all instances where measurement of platelet
inhibition is needed, a basaline value should ba obiained to accurately

determine when acceptabie levels have been reached,

During pre-operative period 220, administration of a reversible, short-
acting P2V, inhibltor can be initiated the day the decision is made to
discontinue the long-acling ireversible platelet inhibilor and may be
continued  throughout pre-operative  period 220, in  another
embodiment, administration of cangrelor can be made within 2 days of

ceasing administration of the long-aciing rreversible platetet inhibitor,

A patient can undergo CABG within 3 days of ceasing administration
of the long-acting ireversible platelet inhibitor. The dose of such &
reversible, short-acting P2Yy; inhibitor can remain constant of can be
periodic during the treatment period. Preferably the dosage of
cangrelor remain continuous during the treatment period of about 2 to

about 7 days. Treastment with reversible, short-acting P2Y), inhibitor

29
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may then be ferminated from about one hour to about 8 hours before

an invasive procedurs.

Also during pre-operative period 220, any number of procedures

andfor tests can be performed in conjunction with the present
invention, such as hemoglobin, hematocorit, whilte blood cells, ang
platelel count testing; serum crealinine festing, measurement of
iniitbition of platelet activation; and assessment of concomitant
medicalions, adverse events, serious adverse evenis and other
varicus clinical endpoints. Additionally, procedures such as CK and
CK-MB and  VerlfivyNow® P2Y, assays, for example, can be

performed within 24 hours prior to surgery.

During intra-operative period 2390, administration of o reversible, short-
acting P2Y; inhibitor can be siopped betweaen from about at least 1
hour and up o approximately 3 hours prior fo administration of
anesthesia for surgery. Basic standard of care treatment is used for
the surgical period as understood by those having skill in the art
Collection of concomitant medications and assessmaents of adverse

avents, serious adverse events and clinical endpoints can alse be

performed during this period as needead.

Example 2
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Figure 3 describes is a non-limiting exemplary method for maintaining
ar reducing platelet activity In patients who were pravicusly treated
with thisnopyridine prior to undergoing an invasive procedure such as

CABG.

In Figure 3, a itotal of 207 palients wers studied. Patients ware
inciuded in from this study if they met all of the following criteria; 1.
Must be at least 18 vears of age; 2. Anticipate non-amergent coronary
artery bypass graft (CABG) surgery, either “onpump” or “off-pump,” no
sooner than 48 hours from randomization but no longer than 7 days
from randomization, with patient o remain hospitalized until planned
CABG; 3. k%“iave received a thienopyridine (at least 75 mg of
clopidogre!, 500 mgq ficlopidine, or 10 mg prasugrel} within 72 houwrs
prior to emroilment in the study for either: the treatment of an acute
coronary syndrome, regardless of time from ACS, and/or as long-term
preventative therapy following  drug-sluting or bare metal stent

tfreatment.

Patients were excluded from the study if any of the following exclusion

criteria applisd prior to randomization;

1. Confirmed or suspectad pregnancy {(if woman of chﬂd~bearmg
potential) or lactaling females; 2. Cerebrovascular accident within one

vear;, 3. intracranial neoplasm or history of intracranial surgery; 4.
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History of bleeding diathesis; 5. Thrombocytopenia {piatelet count of
fess than 100,000/ul): €. Known International Normalized Ratio (INR)
greater than 1.8 at soreening.: 7. Requirement for dialvsis trestment
{(hemodialysis or perifoneal); 8 Estimated Glomeular filtration rate
eBGFR <30 miymin; 8. Administration of abcbimab within 24 hours of
randomization or administration of eptifibitide or irofiban within 12
hours of randomization.; 10. Plans {0 continue oral anticoagudant,
thienopyridine or GPib/illa antagonist therapy in the pre-operative
period.; 11, Known or suspecied coagutopathy; 12. Refusal to receive

blood wansiusion; 13. Receipt of fibrinolvtic therapy in the 12 hours

preceding randomization;, 4. Allergy, hypersensilivity, or

contraindication o cangreior, mannitol, sorbitol, or microcrystaliine
collulose; 18, High likslhood of being unavailable for follow-up; 16.
Participation I other studies invelving the evaluation of other
investigational drugs or devices within 30 days of randomization, 17.

Any disease or condition which, in the judgment of the health care

pravider, would place the patient at undue risk by participating in the

study.

Patients were randomized into two groups, a cangrelor plus standard
of care (S0C) group, and a placebo plus 8OC group. A dose study

was performed, for cangrelor plus SQC and placesbo plus SOC
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respectively. A dose of 0.76 pglkg/min was confirmed for the

cangrelor pius SQC and placebo plus 50C groups.

in the placebo plus 30C group, patients received only SOC, in which
*hzﬁ thienopyridine s discontinued afler the need for surgery had been
determined and a placebo infusion s administered. In the cangrelor
pius standard of care (SOC) group, a cangrelor infusion was started in
addition to 80C whan the thiencpyridine was discontinued after the
need for surgery had been determined. The infusions (cangrelor or
matching placebo) were continued throughout the pre-operative
period. Palients can walt 5 days after discontinuation of clopidogre!
before undergoing surgery but the timing of surgery can vary and be
ieft 1o the discretion of the health care praclitioner with 2 maximum of

7 days of cangralor infusion.

- Dailly measurements of platelet inhibition were taken using the

VerifyNow® P2Y12 assay system,

All patisnts randomized feceive SOC and waited up o five days after
discontinuation of thienopwridine before undergoing CABG. Antl-
piatelet therapy with aspirin was maintained during this time. Anti-
thrombotics such as unfractionated heparin and enoxaparin were
atlowed and given at the discretion of the health care provi'deﬁ ftwas

recommended that encxaparin be discontinued >24 hours before
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CABG although concomitant use of other anti-platelst and angi-
thrombic agents is contemplated by the invention described here. #t
was racognized that dlinical evenis may occur leading to surgery
5@1‘0;’@ the & day wailing period s completed and therefore the
decision 1o procead to surgery was lefl to the discretion of the health

care provider.

For patients randomized o the cangrelor arm, cangrelor infusion was
started as quickly as possible and no more than 6 hours after
randomization. Patients received an infusion of cangrelor, in addition

to their SOC therapy, at a rate 0of 0.75 po/kg/min.

Cangrelor was infusad continucusiy via @ dedicated peripheral or
central tine for at least about 2 days and up o about 7 davs. The
dose of cangrelor remained sonstant during the infu_sicm pariod. The
cangralor infusion was terminated at least one and no more than six
hours before induction of anesthesia for the scheduled CABG surgery.
induction of anesthesia is defined as the start fime of IV anesthesia.
Patients were infused with cangrelor for a minimum of 48 hours prior

{0 termination.

Patients not randomized to receive cangrelor received a placebo
infusion administered in the same manner as the cangreior infusion in .

addifion to their SOC therapy.
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Figure 4 indudes g {abie thal summarizes the study assessments by -
fime  point. This  study consisted of 5  periods:
Screening/Randomization Period, Pre-operative (Days 1-7 defined as
the period from randomization to discontinuation of cangrelor), intra-
operative (from disconiinuation of cangrelor to end of CABG surgery),
Post-operative Follow-up (from end of CABG surgery fo hospital

discharge), and 30-Day Follow-up (304+ 5 days from time of CABG).

Pro-operative  Period {Randomization untll  discontinuation  of
cangrelor). Just prior 1o the administration of cangrelor, a VerifyNow®
F2Y Assay was performed 1o obtain a baseling assessmant. Tasting
was performed irrespeactive of the timing of last dose of thienopyridine
recelved.  Immediately following the VerifyNow® PZY;, Assay, the
cangrelor composition was prepared and an infusion at the rate of
0.75 uglkg/min was starled. This infusion was maintained untit 1 o 6
hours prior to anesthesla administration for the CARG surgery.' The
foliowing tests were periormead daily, at approximately the same time,
during all days of cangrelor infusion: Hemalology iabs fhemoglobin,
hematocrif, white blood cells {W&C'}, and platelet count] PRU and
percent piatelet inhibition determined by VerifyNow® P2Y.; Assay
Assessment of concomitant medications,  Within 12 hours prior o
surgery, the following procedures were conducted:  Additional

VerifyNow® P2Y 4, assay just prior to cangrelor termination. If the last

35
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en-infusion VerifyNow® sample was within 12 hours of cangrelor

discontinuation, an addiional draw was not required prior io

farmination of cangrelor.

{99} Table 1 below represents the results of cangrelor and ‘p§as%bo
treatment during the pre-operative period.
Tabile 1 Summary of PRU by Day
{at - Langrelor Placaebo
{N=83) {(N=80)
Patients w/PRU <240 nflN (%) - 537/85(82.4) 45/ 86 {52.3)
PRU: N BS 86
MEAN £ 8D 2108 £34.0 2374.1 + 85.9
MEDIAN 201.0 233.5
{Q1, Q3) 168, 280 151, 279
{(MIN, MAX) 3, 418 10, 395

Day 1 Sampie
Patients w/PRU <240

PRU:

{ay 2 sample

Pafients w/PRU <240

a/N (%) 8080 {100)

N 80
MEAN £ 8D 455 471

MEDIAN 31.0
{Q1, Q%) 5,78
{MIN, MAX) 0, 169

N (%) 69770 (98.6)

34176 {44.7)

75
2327742
248.0
178, 287
47,387

0
%
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~4
O
P
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Table 1 Summary of PRU by Day
Stat {Cangrelor Flacebo
{(N=G3)} {N=90}
B R R
MEAN 30 588+ 881 2382+ 711
MEDHAN 4030 256.0
{Q1, Q3) - g, 100 218,282
{(MIN, MAX) 0,271 64, 354
Day 3 sample '
Patients w/PRU <240 n/N{%y 85755 {100) 21/ 87 (36.8)
PRU: N 55 57
MEAN £+ SD 80,2 £+ 588 2504 £ 847
MEDIAN 52.0 283.0
{1, Q3) 8, 117 200, 308
{MIN, MAX) 0, 228 105, 358
Day 4 sample
Patients w/PRU <240 N (%) 33733 (100) 7 /34 {20.8)
PRU N 33 34
MEAN £ SDY 8031817 2885+ 655
MEDIAN 78.0 2868.0
(Q1, Q3) 33,1158 241, 344
(MIN, MAX; 1, 218 118, 408
Day & sample
Fatients wiPRHLE <240 /N {%) 70T {100) B /24 (25.0)
PRU N 7 24
MEAN £ 80D 52,1 % 581 284.0 +64.0
MEDIAN 30.0 2855
{Q1, Q3) g, 117 244, 328
(MIN, MAX) 7,151 140, 388
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Table 1 Summary of PFRU by Day
Stat Cangreior Placebo
(N=393) (N=00}
Day 6 sample T

Patients w/PRU <240

PRU;

Day 7 sample
Patients w/PRU <240

PRU:

Last on-treatment sample
Patients wPRU <240

PRU:

Last post-treatment
pre-CABG

N (%) §/6{100)

N &

MEAN £ 8D 827 £ 74.7
MEDIAN 45.5
(@1, 03) 9,67

(MIN, MAX) 3, 206

AN (%) 11100

N 1

MEAN % 30t
sD 3.0
EDIAN 3,3

(@1, Q3) 3,3

(WAIN, MAX;

N (%) 83 /84 (98.8)
N 84
MEAN £ 68.0 4 67.8
5D 53.0
MEDIAN 8,110
(@1, 33) 9,274

(MIN, MAX)
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Summary of PRU by Day

Stat Cangrelor Placebo

{(N=03) {(N=80)
Patents wiPRU <240 TN (%Y 21778(26.8) 15/ 75(20.0)
PRU N 78 75
MEAN £ 2797 +£1065 28784673
sD 283.0 2890
MEDIAN 228, 357 258, 345
{Q1, Q3) 1, 471 144, 445
{MEN, MAXS
{100 The data in Table 1 indicates that infusion of Cangrelor at a dose of
0.75 pg/kg/min between day 1 to day 7 maintains PRU valuss below
240 in over 80% of the patients studied. The table further indicates
that for the *last post-ireatment pre-CABG” where cangrelor infusion is
terminated but prior to CABG, the lavel of PRU has resumed {o levels
prior to cangrelor treatment.
1101} intra-opsrative Period (Period from discontinuation of cangretor until

end of CABG éurgsw} The Infra-operative period starfed at
tarmination of cangrelor infusion {surgery start is defined as time of
first incision). Cangrelor infusion was stopped at least 1 howr and a
maximum of & hours prior to administration of anesthesta for surgery.

Standard of care freatment was used for the surgical period.

Collection of the following assessments were conducted during this
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1192}

1163}

period: Serum creatinine and LFTs ~ following discontinuation of
cangrelor but prior to surgery (surgery start time ks defined as the time
of first surgical incision). VerifyNow® PZY12 assay just prior to first
surgical incision.  Concomifant medications and assessments of
adverse events, sericus adverse events and colinical endpoints.

in the case of administering and ceasing the therapy prior (o surgery
it accordance with one embodiment of the present invention, such
use allows patlents o Uundergo surgery or other invasive procedures
without excessive perioperative biseding.

Table 2 representé the bleeding risks associated with cangrelor and

placabio treatment.
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Table 2 Summary of CABG Related Biseding during the CABG

Procedure through Hospital Discharge

Stal Cangrelor Placebo
{(N=105) {(N=102)
CABG related
bleeding nid (%) 10 /102 {2.8) 107 98(16.4)
Fatal
bleading /N (%) O ¢
Periop.
intracrarnial
bleeding /N (%} ¢ 0
Re operation
for bleeding n/N {%) 21102 (2.0} 2196 (2.1
Whale Blood
or pRBC
Transfusion
>=5 units /N (%} 71102 {(8.%) 8/86(8.3)
24 hour CT
output >= 2L /N (%) 3M102{(2.8) 47986 (4.2)
{164} The results of Table 2 indicates that bleeding risk associated with

cangrelor treatment I8 the same as or similar to treatment with
placebo.

[105] Table 3 represents the overall incidence of ischemic events
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Qverall incidence of Ischemic Events

Cangrelor
{N=1086}

Placebo
{(N=101)

Pre-procedure

Death/MIDR/Siroke

At

I0R

Stroke
Post-procedure

Death/MITDR/Stroke
Dwath

it
{OR

Siroke

Fre and Post-procedures

Degth/MIDR/Stroke
Death

Mi
DR

Stroke

TN
{%)
niN
{%)
/N
(%0}
/N
(%)
N
(%)

niN
(%)
ni/N
{Ys}
/N
{%)
1N
(%)
/N
{%)

N/
{%)
N
(%)
/N
(%)
N
{%)
/N
(%)

67106 (5.7)
1/106.(0.9)
27106 (1.9)
41106 (3.8)

0 /106 (0.0)

41102 (3.9)
17102 (1.0)
21102 (2.0)
27102 (2.0)

17102 (1.0)

10 / 106 (9.4)
21106 (1.9)
41106 (3.8)
61106 (5.7)

1/106(0.9)

o

4 /101 (4.0)
37101 (3.0)
67101 (0.0)
07101 (0.0)

11101 (1.0)

47196 (4.2)
2798 (2.1)
1798 (1.0}
0796 (0.0)

1796 {1.0)

87101 (7.9)
)
1/101{1.0)

/101 ¢

o
<3

07101 (0.0)

27101 (2.0
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(106}

{167

{168}

{169}

{130

,.m
ok
fereb,
oot

e

The results of Table 3 indicates that the ischemic events relating to
the methods described herein with the use of cangrelor is comparable
to the placebo.

Post-operative Period (Period from end of CABG surgery to hospital
discharge) The following procedures were performed following surgery
{end of CABG surgery is defined as the piscement of the last suture):
VerfyNow® PIY12 Assay was éeﬁarmeﬁ within 1 hour following
surgery Mematology labs, 12 lead-ECG and VerifyNow™ P2Y12
Assay were performad 24-hours {1 1h) following surgery. Chest tube

output will be assessed at 4 howrs (2 1 h) and 24 hours (¢ 1 h

Sear

foliowing surgery.

Example 3

in ancther example and in accordance with one smbodiment of the
prasent invention, the administration of the at least one reversibls,
short-acting P2Y12 inhibitor oceurs during an invasive procedure
being performed on the subject. In this manner, it is contemplated
that the administration of the inhibitor would occur intravenously as the

subject cannot take the therapy orally.
Exampia 4a

in another example and in accordance with ancther embodiment of

the present invention, the administration of the at least one reversible,
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short-acting P2Y12 inhibitor occurs after an invasive procedure has
bean performed on the subject. The administration of the inhibitor in

the post surgery scenaro can ocour in a2 variely of mathods as

described above. it is contemplated that the administration of the

inhibitor may alsc ocowr intravenously post surgery i the sublect

cannot {ake the therapy orally, for example, # the subject is comatoss.
Example 4b

The study for using cangreior in early postwonerative period
b ~3 < by

Current standard of care for anti-platelet maintenance therapy afier

PCHin patients with implanted stents is based on recommendgtions of
the American College of Cardiology / American Heart Assooiation
(ACCIAHA) guidelines (Fleisher LA, of al,. ACC/AHA 2007 guidelines
on pericperative cardiovascular evaluation and care for noncardiac
surgery: a report of the ACC/AHA Task Force on Practice Guidelines.
Circulation. 2007 Qct 23;116(17).2418-98} that suggest an aarly
initiation of dusal ant5~p!éte§et therapy and continuation of maintenance
therapy with aspirin and clopidogrel after PCH from 6 012 months,
depending on the stent type, in order to prevent post-procedural stent
thrombosis. Both aspitin and clopidogre!l are ireversible platelet

antagonists, therefore ACC/AHA guidelines recommend cessation of
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[115)

{116}

{337}

clopidogrel before non-emergent surgical procedures in order i

aiinkmize bleeding risks.

However, should patients with implanted stents require a surgical
progedure, eanly céssaﬁom of clopidogre! would increase the risk for
ischemic events and stent thrombuosis due fo a “rebound” effect of
platelel  activation {Berger et al, Cioulation. 2002 Oc
22,108{17)2284-7, Ho et al. JAMA. 2008 Feb 8208(5)532-8).
(3onverée£y, maintaining irreversible platelst inhibition with aspirin and
clopidogre! isads o unacceptable operative bleeding risk {(Fox et al,,
Circulation.  2004;110:1202-1208; Shim et al., 4 Thorae Cardiovasc
Surg. 2007 Jul;134(1%.59-64; Pickard =t al., Fharmacotherapy. 2008

Mar;28(3):376-82. Review).

Because of the risk of bieeding from the surgical sifes, surgeons
prefer to avold using anticoagulant agents in early postoperative
period especially with rreversiple oral therapy that will not allow
predicting the level of platelst inhibition and fast recovery of piatelet
. z

function when surgical procedure could be assodciated with high risk of

post-operative bleeding.

it is well known that surgical interventions frigger platelet activation
and aggregation, hence increasing the risk of stent thrombosis in post-

operative period if patient do not continue anti-platelet therapy.

A
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[118]

[119}

It has been demonstrated in several studies that sarly initiation of
anticoagulant therapy may diminish the risk of venous thromboesis
{Segars A J Thromb Haemost. 2008 Aug8{811313-8; Turpie &t al.,
Lancef. 2008 May 1), however there s no consensus or standard
antipiatelet therapy regimen designed fo reduce the risk of arteral
stent thrombosis in patients with implanted stents reguiring surgical

procedires.

Typically, at conclusion of surgical procedure a complete hemostasis
is achisved, however, the risk of bleeding from the surgical sile
remains high during the first post-operative hours: Initiation of anti-
platelet therapy during the immediate-early period afler surgery may
further increase that risk. Conversely, & delay of continugtion of anii-

platelet maintenance therapy will significantly increase the risk of stent

- thrambosis, congsidering that surgical procedure triggers platelet

activation and aggragation. Therefore, an early therapy with reversible
anti-platelet agent that could be tifrated to‘a desirable level of platelet
inhibition and have ulira-short plateief function recovery time could be
bensficial in preventing stent thrombosis in that category of patients.
Moreover, this type of agent will be safe because &t may allow
complete recovery of platelat funclion after discontinuation in casse of

blesding.

46



CA 02844931 2014-02-11

WO 2013/025476 PCT/US2012/050283

{126}

1122}

Cangrefor is a potent, reversible and specific P2Yy: recepior
antagonist that would allow overcoming the limitations of currently
used dual anti-platelst therapy wilth aspirin and clopidogrel thanks to
s rapid onset and offset of action with steady-state ﬁziasm&
goneentrations thal can be gchisved within minutes and titrated
modulate the level of platelet inhibition and most importantly, i is
rapidly metabolizad with an short haﬁ»iife, allowing complete recovery
of platelet function in less than 80 min. Therefore, cangrelor could be
an ideal anti-platelel agent for managing platelet inhibition In early
post-aperative period in patients with implanted stents requiring é

surgicat procedure,

The optimal platelet inhibitory dose and regimen for cangrelor infusion
in post-operative pericd and transitioning to oral anti-platelet therapy

can be determined.

The patient poputation can be ACS patients with implanted stenis after
PCH who require a major éurgicai procedure {CABG, Gi anasiomnses,
pulmonary reseciion, prostatectomy, orthopedic procedures, eic),
N=40 subjects (4 groups with 10 subjects in each group). Cangrelor
im‘u&‘s_ien will be iniliated 1-2 hours after completion of surgical
procedure at surgeons’ discretion. The sublects will be randomized

into the following groups:
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54

Group 1: Cangreior 0.5ug/kg/min dose infusion for 24 hrs transitioning
fo oral antiplatelet therapy with 300mg of ciopidogrel ioading dose
after ifusion discortinuation followed by 78mg daily mainienance

dose thereafier

Group 20 Cangrelor 0.5pg/kg/min infusion for 24 hrs transitioning ©
oral antiplatele} therapy with 800mg of clopidogral loading dose after
infusion discontinuation followed by 7bmg daily maintenance doss

theregfier

Group 3: Cangrelor 1ugdkg/min infusion for 24 hirs transitioning (o oral

antipiatelet therapy after infusion discontinuation transitioning to oral

antiplatelet therapy with 300mg of clopidogrel bading dose after

infusion discontinuation followed by 75mg daily mainienance dose

thereatier

Group 4: Cangralor 1uglkg/min infusion for 24 hrs franshtioning to oraiv
antiplatelet therapy after infusion discontinuation transifioning fo oral
anfiplatelet therapy with 800mg of clopidogrel loading dose afier
infusion discontinuation foliowad by 75mg daily maintenance dose

thereafter



{127} The primary endpoinis wili be: {7} acute sent thrombosis during the 48
after the surgical procedure, and {2} major and minor blsedings

Aduring the 48 hrs afterthe surgical procedure,

1128] The methods of evaluation will be: (1} piatelet aggregation using
verifyNow-P2Y12 test, (2) hemodynamic measurements, (3} blcod
tests, (4) clinical observations for minor capillary bleeding signs
(petechia, hematoma), (8) Diagnostic imaging of intracranial,
periioneal and pleural cavities using GT, MRi, US, when necessary to

detect potential bleeding complications (blcod accumutiation).

[129] Those of ordinary skill in the art will recognize that many modifications
and variations of the present invention may be implemented without
departing from the scope of the invention. Thus, it is intended that the
present invention cover the modification and variations of this invention
provided they come within the scope of the appended claims and their

equivalents.
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CLAIMS:

1. Use of a continuous infusion of cangrelor at about 0.75 pg/kg/min for
between about 2 days and about 7 days via a dedicated peripheral or
central line, to maintain or reduce platelet activity in a patient for which
oral administration of platelet inhibition therapy is contra-indicated, such
that the cangrelor maintains PRU values of less than 240 in the patient

prior to the patient undergoing an invasive procedure or surgery.

2. Use of a continuous infusion of cangrelor according to claim 1, wherein
the continuous infusion of cangrelor is discontinued prior to the patient

undergoing the invasive procedure or surgery.

3. Use of a continuous infusion of cangrelor according to claim 2, wherein
the continuous infusion stops at least 1 hour and up to 3 hours prior to

patient anaesthesia for the invasive procedure or surgery.

4. Use of a continuous infusion of cangrelor according to claim 1, further

comprising use of a bolus comprising cangrelor.

5. Use of a continuous infusion of cangrelor according to claim 1, wherein

the cangrelor is for use concurrently with a second therapeutic agent.
6. Use of a continuous infusion of cangrelor according to claim 5, wherein
the second therapeutic agent is streptokinase, alteplase, reteplase,

urokinase, tenecteplase, aspirin, bivalirudin, heparin warfarin,

eptifibatide, abciximab or tirofiban.
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10.

11.

12.

Use of a continuous infusion of cangrelor at about 0.75 pg/kg/min for
between about 2 days and about 7 days via a dedicated peripheral or
central line, to maintain or reduce platelet activity in a patient previously
treated with a thienopyridine prior to undergoing an invasive procedure
or surgery, such that the cangrelor maintains PRU values of less than 240

in the patient.

Use of a continuous infusion of cangrelor according to claim 7, wherein
the continuous infusion of cangrelor is discontinued prior to the patient

undergoing the invasive procedure or surgery.

Use of a continuous infusion of cangrelor according to claim 8, wherein
the continuous infusion stops at least 1 hour and up to 3 hours prior to

patient anaesthesia for the invasive procedure or surgery.

Use of a continuous infusion of cangrelor according to claim 7, wherein
the thienopyridine is selected from the group consisting of clopidogrel,

ticlopindine and prasugrel.

Use of a continuous infusion of cangrelor according to claim 7, wherein

the cangrelor is for use concurrently with a second therapeutic agent.

Use of a continuous infusion of cangrelor according to claim 11, wherein
the second therapeutic agent is streptokinase, alteplase, reteplase,
urokinase, tenecteplase, aspirin, bivalirudin, heparin warfarin,

eptifibatide, abciximab or tirofiban.
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; an / . )
Surgical Consultation Surgical Consultation /
Screening Screening
InformedConsent, MedHx. InformedConsent, MedHx,
Inclusion/ EXC]HSIOH assessment, Inclusion/Exclusion assessment,
baseline evaluations baseline evaluations
‘
Open Label
cangrelor 1.nfusmn a Blinded study drag infusion at
pre-detemined doses .
dose determind
‘ 1
Enrollment —
*Although open-label, Randomization
subjects will be assigned (viaIVRS)
a kit via the IVRS l
4 :
. Pre-Operative
Pre-Operative -Uperatiy
. . Infusion Period (2-7 days,
Infusion Period )
planned) VerifyNow Assay,
(2-7 days, planned) c J AB/SAE
VerifyNow Assay, Conmeds onmeds assessment, AL/
assessment, AF/SAE and End- and Endpoint assessments,
point assessments, daily labs daily labs

— ~.

'+ + C
SOC + Cangrelor SOC ACa{lgrelqr SOC . Pl.acebo'
D . Cangrelor infusion until {| Placebo infusion until 1-6
Cangrelor infusion until 1-2 hrs . . . .
° 1-6 hrs prior to anesthesial} hrs prior to anesthesia

prior to anesthesia
v \n /

A

Intra-operative Intra-operative
AE/SAE assessments, AE/SAE assessments,
Endpoint assessments Endpoint assessments

Post-Operative '
CK/CK-MB assessments, AE/SAE Post-Operative
assessments, Endpoint assessments AFE/SAE assessments,

1 Endpoint assessments
Follow-up ¥
(24 hrs, discharge and Follow-up
30-day + 5 days) (24 hrs, discharge and 30-day
Endpoint assessment + 5 days)Endpoint assessment

Figure 3: Chart of an Exemplary Method
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