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activated protein C (aPC).

Blood coagulation is a highly complex process regulated

15 by the balance between pro-coagulant and anticoagulant
mechanisms. This balance determines a condition of either
normal hemostasis or abnormal pathological thrombus
formation leading to events such as stroke, myocardial
infarction and venous thrombosis. Two major factors control

20 this balance, the generation of fibrin and the activation
and subsequent aggregation of platelets. A critical factor
contfoiling both processes is the generation of the enzyme
thrombin, which occurs following activation of the clotting
cascade. Thrombin is a pro-coagulant enzyme that aggregates

25 platelets and converts circulating fibrinogen to insoluble
fibrin, resulting in the formation of a blood clot.

Thrombin also functions as a potent anticoagulant since it
activates protein C zymogen to activated protein C, which in
turn inhibits the generation of thrombin. Thus, through the
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stroke, platelet inhibition has become the standard of care.
However, the use of antiplatelet agents such as ASA
increases the risk of bleeding, which limits the dose of the

20 agent and duration of treatment. To block the effect of
thrombin in fibrin formation, heparin remains the standard
anticoagulant in the acute care setting. However, heparin
has a narrow therapeutic index and is associated with
significant bleeding risk especially in combination with

25 antiplatelet agents.

' combination therapy with aspirin and a synthetic
thrombin inhibitor, tissue plasminogen activator, or a
monoclonal antiplatelet glycoprotein IIb/IIIa antibody has
been studied in a canine coronary artery thrombosis model

30 [Yasuda, et al., J Am Coll Cardiol., 16:714-22 (1990)].
Aspirin in combination with these agents prolonged the

bleeding time and did not prevent reocclusion of the
coronary artery. In addition, combination therapy has been
proposed for aPC with thrombolytic agents such as tissue

35 plasminogen activator, urokinase, or streptokinase [Griffin,
et al., U.S. Patent No. 5,350,578]. However, these



- 3- conbi nati ons have not proved successful. Thus, there remai ns .

t he need t@dﬂ%?“zfy an effective therapy for treating tpgg

di sorders. The present invention is the first to descrlbe t e
conbination of aPC with antiplatelet .agents in the treatnent

t hronbosi s. Accordingly, the present invention provides t he use of aPC
I n conbination with antiplatel et agents for the treatnent of thronbotic
di sorders. This conbi nation therapy results-in enhanced efficacy in a
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| ess than HGexylti o8 pehipheral vascular surgery. Furthermore, the
combination of aPC and antiplatelet agents results in a
15 synergy that will allow the reduction of the dosages of both
aPC and the antiplatelet agents. The reduction of the
dosages of the agents in combination therapy in turn results
in reduced side effects such as increased bleeding liability
often observed in combination anticoagulant/antiplatelet
20 therapy.

The present invention provides a method of treating a
thrombotic disorder in a patient in need thereof, which
comprises administering to said patient a pharmaceutically

25 effective amount of activated protein C in combination with
an antiplatelet agent. Additionally, the invention provides
a method of treating a thrombotic disorder in a patient in
need thereof, which comprises administering to said patient
a pharmaceutically effective amount of an antiplatelet agent

30 and activated protein C such that an activated protein C
plasma level of 10 ng/ml to less than 100 ng/ml is achieved.

For purposes of the present invention, as disclosed and
claimed herein, the following terms are as defined below.
35 aPC or activated protein C whether recombinant or
plasma derived. aPC includes and is preferably human



For purposes of the present invention, as disclosed and _cl ai ned herein,

the foll ow are as defined belom/ 35 aPC or act tein
C whethermyng%%%fggnt or pl asma derived. aPC incl udes angbﬁgkﬁge e?ably
human - 4 - -4 - protein C although
aPC may al so include other species or derivatives having protein C ~
proteolytic, amdolytic, esterolytic, and biological (anticoagulant or
pr o- fibrinolytic) activities. Exanples of protein C derivatives 5 are
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W97/ 20043 @{ﬁ%ﬁ fe"’!‘fch gr{" ﬁgggg F‘gg hh’o%;r#e at%dney 293
cells as a zym)g’eRTT heratpm-vated nm:taeih ‘ttbtr@mb@plastmxad:hme]ues wel | known
to the skilled gfgd s.ar}ngﬁmr@i.(,gggﬂ bn 29‘05@91 .S. Patent No. 4,981, 952,

and, the entire teachlng hereln i ncor porated by
ref er ch@e. r- PthDE;%ﬁm‘b%B?‘BFshPBa%EF@F@Gn iCh gymogert o rproduged her

one chain dm prlearesi®f c@lDEfi Bukaryotic celdd id¥ ar@irfiigagest - one or
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pl atel ets o ggregate Agent s understood and appreciated in the art
i ncl ude those cit-eaPCn; fecomkinpht, hBmanngetivatied Paiotecin C produced

by activating r-hPC in vitro or by direct secretion of the
15 activated form of protein C from procaryotic cells,
eukaryotic cells, or transgenic animals {[Cottingham,
W097/20043] including, for example, secretion from human
kidney 293 cells as a zymogen then purified and activated by
techniques well known to the skilled artisan demonstrated in
20 Yan, U.S. Patent No. 4,981,952, and, the entire teachings of
which are herein incorporated by reference.
Zymogen - refers to secreted, inactive forms, whether
one chain or two chains of protein C.
Antiplatelet agent - one or more agents alone or in
25 combination which reduces the ability of platelets to
aggregate. Agents understood and appreciated in the art
include those cited in, for example, Remington, The Science
and Practice of Pharmacy, Nineteenth Edition, Vol II, Pages
924-25, Mack Publishing Co., herein incorporated by
30 reference. Such agents include but are not limited to

aspirin (ASA),clopidogrel, ReoPro® (abeciximab),
dipyridamole, ticlopidine and IIb/IIIa antagonists.
Treating - describes the management and care of a
patient for the purpose of combating the disease, condition,
35 or disorder and includes the administration of a-compound of
the present invention to prevent the onset of the symptoms



and Practice of Pharmacy, N neteenth Edition, Vol |1, Pages. 924- 25,
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i ncl ude but 9@*&%& limted to aspirin (ASA), cl opi dogrel, Reo r307

(abci xi mab) , di pyridanole, ticlopidsgne and Il1b/I11a antagonists.
Treating - describes the managenent and care of a patient for the
pur pose of conbating the disease, condition, 35 or disorder and includes
the adm nistration of a conpound of the present invention to prevent

t he onset dir t¢wmplieatikons, alleviating the symptoms or complifations,
or conplicaty . L at | t e 4 | ' or
nmp 3&1{ %?anﬁéﬂhé th %iﬁ‘éeé%g} %@grl&g‘ra?ﬂp df%ié’&%%er,
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physician evaluating the particular circumstances

15 surrounding the case, including the compound administered,
the particular condition being treated, and similar
considerations.

Thrombotic disorder - a disorder relating to, or
affected with the formation or presence of a blood clot

20 within a blood vessel. Thrombotic disorders include, but
are not limited to, stroke, myocardial infarction, unstable
angina, abrupt closure following angioplasty or stent
placement, and thrombosis as a result of peripheral vascular
surgery.

25 The present invention preferably relates to the
treatment of thrombotic disorders with activated protein C
in combination with an antiplatelet agent. The aPC used in
such combination can be formulated according to known
methods to prepare pharmaceutically useful compositions.

30 The aPC will be administered parenterally to ensure its
delivery into the bloodstream in an effective form by
injecting the appropriate dose as continuous infusion for
about 24 hours to about 144 hours.

In conjunction with treatment with an antiplatelet

35 agent, the amount of aPC administered will be from about 4

mg/70 Kg/24 hours to 160 mg/70 kg/24 hours or an equivalent



pl acement, and thronbosis as a result of peripheral vascul ar surgery.

25 The present invention preferably relates to the of
t hronbot i cw(ﬂ@@rsiérs with activated protein C i n conbi naF%ﬁg\%\n@ﬂhan
antiplatelet agent. The aPC used in . 6 such conbi nation can be fornul at ed
according to known met hods to prepare pharmaceutically useful -
conpositions. 30 The aPC will be adm nistered parenterally to ensure its
delivery into the bloodstreamin an effective form by i njecting the
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hours to 4 24 hours or an equi valent sl gnati ons of
my/ merr] thg/249 moins cor] anr eqRijalend/ dgsignatidhs of 0.25 mg/m? to
15 1.25 mg/m? or 6 ug/kg/hr to 30 pug/kg/hr. Still even more
preferably the amount of aPC administered will be about 20
mg/70 kg/24 hours to 40 mg/70 kg/24 hours or an equivalent

designations of 0.5 mg/m2 to 1.0 mg/m?2 or 12 pg/kg/hr to 24
ug/kg/hr. The most preferable amount of aPC administered
20 will be about 40 mg/70 kg/24 hours or an equivalent

designation of 1.0 mg/m2 or 24 ug/kg/hr. The appropriate
dose of aPC administered with an antiplatelet therapeutic
will result in either an improved efficacy or reduction in
dose of either agent or both.

25 The plasma ranges obtained from the amount of aPC
administered will be 2 ng/ml to less than 100 ng/ml. The
preferred plasma ranges are from about 20 ng/ml to 80 ng/ml.
Most preferably plasma ranges are from about 30 ng/ml to
about 60 ng/ml and still more preferably about 50 ng/ml.

30 Alternatively, the aPC will be administered by
injecting one third of the appropriate dose per hour as a
bolus injection followed by the remaining two thirds of the
hourly dose as continuocus infusion for one hour followed by
continuous infusion of the appropriate dose for twenty-three



[err] g/ kg/ hr. The nost preferable anount of aPC adm ni stered 20 mﬁll be

about 40 ngé?O kg/ 24 hours or an equi val ent desi gnati on 8/11071
my/ nferr] &YO2853142 1] g/ kg/ hr. The appropriate dose of aP adnlnls ered
with an antiplatel et therapeutic Wihl _result in either an inproved
efficacy or reduction in dose of either agent or both. 25 The ~
pl asma ranges obtained fromthe anmount of aPC adm nistered will be 2
ng/m to less than 100 ng/m . The preferred-.plasnma ranges are from
about 20 Nng{dtirs wiSdchOtabults ihbshepapipropriats atome radministerédom
about 30 ng/m to about 60 ng/m and still nore preferably about 50

ng/.m . 30 over 24 BOWESi ey the aPC will be adni ni stered bﬁ
i nj ecting one tHhel phrake Apprcpmbdnatdese Width*haefexsato thepol us

|1 oot on QA NEGDNCLER BRTELBLRENA il ik arc Bauny dose oo

usTon oné hou continuous i nfusion_ of
t he appSoprSHuwld@BeOﬂlebV\éﬁg}lePﬁrléé-ly or ‘a combination thereof. The

Mﬁlwfaélbﬁs B! p1akellat qﬁﬂmﬁrui:tsﬁs dps ecadbinagiencwith
over 24 hours. rase J nation with" refers_to the
adni ni st r ata®A B#-l%\nFPﬁP&FeP-g‘t 5‘3’@&‘? 1g8C%iPhe? YTt Pneously,
sequenti al |ﬁh§6n@o§ﬂﬁbdﬂ§btraértshdﬂm.fudui§1e but ok himitedi to,obtmoktes! et
inhibitiors |n co on.wth Wi d acy in
a variety of¢® Pﬁhﬁﬁﬂb?ﬁ& Bai §¥9§§£37%%ﬂ%éféfg%i§? nuﬁngﬁgge E@ﬂé
strokeio ahrupuscnbsumho§DQJQMNn§Mangﬂoplﬁ$#Et¢bnstenEtBbasemﬁgﬁnaanﬁ)
abrupt ¢ OSUhEohBLLIN B8 ahde %qlaétaf ﬁiﬁﬂé’i 2¢&8EElaraBrgery. NN WS S

as a result perlp eral vascul ar ner g SO\M||

result in asyhergyt slsedwddl respdda QﬁllltYab%n¥§ Pﬁecéﬁﬁl Aesages of

|t he[)a}oyt res#!l;éhﬁg iR comEemtSicie theraeﬁ efdSuBtiAg asni Peaaeses side! eedi ng
iability o

observed i n conbi nati.o t1cCo t./antipl at el et
therapy.  effectsTgRuch,@s)iicHSRASeR MR #??& gﬂ%’f‘ﬂé 21 Fg‘ﬁﬂ ate

15 observed in combination anticoagulant/antiplatelet therapy.

The antiplatelet agent utilized and the appropriate
dose level is understood and appreciated in the art. A
skilled artisan recognizes the appropriate dose level to use
for each antiplatelet agent to achieve a pharmaceutically

20 effective amount for treating thrombotic disorders.

Antiplatelet agents suitable for use under the present
invention include, but are not limited to, clinically
recognized and commercially available agents such as aspirin

(AsA) ,clopidogrel, ReoPro® (abeciximab), dipyridamole,

25 ticlopidine and IIb/IIIa antagonists. The amount of the
antiplatelet agent aspirin (ASA) administered in conjunction
with aPC will be about 10 mg to 1000 mg, given once daily.
The amount of the antiplatelet agent ticlopidine
administered in conjunction with aPC will be about 50 mg to

30 1250 mg, given two times daily (B.I.D.). The amount of the
antiplatelet agent dipyridamole administered in conjunction
with aPC will be about 15 mg to 500 mg, given four times
daily. The amount of the antiplatelet agent clopidogrel
administered in conjunction with aPC will be about 40 mg to

35 1000 mg, given once a day. The amount of the antiplatelet
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1s The aPC combined with the antiplatelet agents improves
the antithrombotic effect of an antiplatelet agent alone.
Thus, this combination therapy may reduce the therapeutic
doses of aPC as well as reduce doses of antiplatelet agents
required for therapeutic treatment of thrombosis, thereby

20 avoiding the complications such as bleeding tendency,
toxicity and general side effects of high doses of
antiplatelet agents.

Preparation 1

25 Preparation of Human Protein C
Recombinant human protein C (r-hPC) was produced in
Human Kidney 293 cells by techniques well known to the
skilled artisan such as those set forth in Yan, U.S. Patent
No. 4,981,952, the entire teaching of which is herein
30 incorporated by reference. The gene encoding human protein

C is disclosed and claimed in Bang, et al., U.S. Patent No.

4,775,624, the entire teaching of which is incorporated

herein by reference. The plasmid used to express human

protein C in 293 cells was plasmid pLPC which is disclosed
35 in Bang, et al., U.S. Patent No. 4,992,373, the entire
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the entire teachin rat ed her ei n ferenc The
et ueatern, IehLel et rsuBeulfRERY Ahd’ arows) Wit daripfars Hediat pe
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entire 9 teaching of which is
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whi ch are ted herein ref erence Bri ef asm d
was transfd@edtidb 258, cEhesentize §te<§lﬂbé-q9r s it :'ss erme

identifiedjrsadigpbiaked BRpdrefewenice .senhg fdlearifiid® medium was made 4
mM in EDTA before it was absorbed to an anion exchange resin
15 (Fast-Flow Q, Pharmacia). After washing with 4 column
volumes of 20 mM Tris, 200 mM NaCl, pH 7.4 and 2 column
volumes of 20 mM Tris, 150 mM NaCl, pH 7.4, the bound
recombinant human protein C zymogen was eluted with 20 mM
Tris, 150 mM NaCl, 10 mM CaCla, pH 7.4. The eluted protein
20 was greater than 95% pure after elution as judged by SDS-
polyacrylamide gel electrophoresis.
Further purification of the protein was accomplished by
making the protein 3 M in NaCl followed by adsorption to a
hydrophobic interaction resin (Toyopearl Phenyl 650 M,
25 TosoHaas) equilibrated in 20 mM Tris, 3 M NaCl, 10 mM CacClz,
PH 7.4. After washing with 2 column volumes of
equilibration buffer without CaCly, the recombinant human

protein C was eluted with 20 mM Tris, pH 7.4.
" The eluted protein was prepared for activation by

30 removal of residual calcium. The recombinant human protein
C was passed over a metal affinity column (Chelex-100, Bio-
Rad) to remove calcium and again bound to an anion exchanger
(Fast Flow Q, Pharmacia). Both of these columns were
arranged in series and equilibrated in 20 mM Tris, 150 mM

35 NaCl, 5 mM EDTA, pH 6.5. Following loading of the protein,
the Chelex-100 column was washed with one column volume of



After fernentation, cell-free nediumwas obtained by mcrofiltration.
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out CaC[err], the reconbi nant human protein C
was el uted g tk¥20. M dri .85 Fespectively. The el uted protein was
prepared for activation by 30 renoval of residual calcium The

reconbi nant hurman protein C was passed over a netal affinity colum
(Chel ex-100, Bio- Rad) to r enoREERArALARNA 2 agai n bound to an anion
:?fgggegr (Fast Ad©idtisnasiBReAdmbBARALO HURES Prtdifc Wer e

EDTA, pH 6.5. FBPV&RPnEhEGHER &9, Activatad @e?@?gi‘b'ﬁssol urm
was washed yit f('pﬁaemaehwmmoltmpzfesence of 50 mM HEPES, pH 7.5 at -

10 - buf f efore.disc cdd t e
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15 resin. The thrombin solution was circulated through the

In series amd equ1||Qratec1 In qur VI IT1.S

column for approximately 3 hours before adding MEA to a
concentration of 0.6 ml/l of circulating solution. The MEA-
containing solution was circulated for an additional 10-12
hours to assure complete blockage of the unreacted amines on

20 the resin. Following blocking, the thrombin-coupled resin
was washed with 10 column volumes of 1 M NaCl, 20 mM Tris,
pH 6.5 to remove all non-specifically bound protein, and was
used in activation reactions after equilibrating in
activation buffer.

25 Purified r-hPC was made 5 mM in EDTA (to chelate any
residual calcium) and diluted to a concentration of 2 mg/ml
with 20 mM Tris, pH 7.4 or 20 mM Tris-acetate, pH 6.5. This
material was passed through a thrombin column equilibrated
at 37°C with 50 mM NaCl and either 20 mM Tris pH 7.4 or 20

30 mM Tris-acetate pH 6.5. The flow rate was adjusted to allow
for approximately 20 min. of contact time between the r-hPC
and thrombin resin. The effluent was collected and
immediately assayed for amidolytic activity. 1If the
material did not have a specific activity (amidolytic)

35 comparable to an established standard of aPC, it was
recycled over the thrombin column to activate the r-hPC to



M NaCl, 20 nM Tris-acetate, pH 6.5. Protein concentrations 5 of

reconbi na protein C and reconbi nant activated tein

sol uti ons%%% s ur ed by UV 280 nm extinction E[err] 14—"{’(@28’&”711 85
respectively. - 11 - Preparation 2 10

Activation of Recombi nant Human Protein C Bovi ne thronmbin was -
coupled to Activated CH Sepharose 4B (Pharnmacia) in the presence of 50
nmM HEPES, pH 7.5 at 4[err] C. The coupling reacti on was done on resin
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15 column facilitated more complete removal of the
dodecapeptide. The material eluted from this column was
stored either in a frozen solution (-20°C) or as a
lyophilized powder.

The amidolytic activity (AU) of aPC was determined by

20 release of p-nitroanaline from the synthetic substrate H-D-
Phe-Pip-Arg-p-nitroanilide (S-2238) purchased from Kabi
Vitrum using a Beckman DU-7400 diode array
spectrophotometer. One unit of activated protein C was
defined as the amount of enzyme required for the release of

25 1 pmol of p-nitroaniline in 1 min. at 25°C, pH 7.4, using an
extinction coefficient for p-nitroaniline at 405 nm of 9620
M-lcm-1,

The anticoagulant activity of activated protein C was

determined by measuring the prolongation of the clotting

30 time in the activated partial thromboplastin time (APTT)
clotting assay. A standard curve was prepared in dilution
buffer (1 mg/ml radioimmunoassay grade BSA, 20 mM Tris, pH
7.4, 150 mM NaCl, 0.02% NaN3) ranging in protein C
concentration from 125-1000 ng/ml, while samples were

35 prepared at several dilutions in this concentration range.
To each sample cuvette, 50 ul of cold horse plasma and 50 ©l



conpletion. This was followed by 1:1 dilution of the material with 20

nmM buf f er , Wth a pH of anywhere between 7.4 or pH
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concentrations 5 while it awaited the igext processing step.

Renoval of |eached thrombin fromthe aPC material was acconpl i shed by
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protein C was determ ne proo f thﬁe clotting
30 tine iavenaggecoifv& édq@amm .1 tﬁhmmnbxcaatesrremgwa)mg staindiatridng
assay. A stapdar dampied Was prepared in dilution buffer (1 my/m

radi oi nmunoassay grade BSA, 20 mM Tris, pH 7.4, 150 mM Nadl, 0.02%
NaN[ err]) ranging in protein C concentration from 125-1000 ng/m, while
sanpl as were 35 prepared at severalpﬁﬂ;a&&mim this concentration range.

To each sanple cuvette, ﬁ%&ﬂfﬁrélon OEQAgtggé dp£%8 eigng S0 [err]
A stable lyophilized formulation of activated protein C

was prepared by a process which comprises lyophilizing a

~ solution comprising about 2.5 mg/mL activated protein C,

20 about 15 mg/mL sucrose, about 20 mg/mL NaCl, and a sodium
citrate buffer having a pH greater than 5.5 but less than
6.5. Additionally, the stable lyophilized formulation of
activated protein C comprises lyophilizing a solution
comprising about 5 mg/mL activated protein C, about 30 mg/mL

25 sucrose, about 38 mg/mL NaCl, and a citrate buffer having a
PH greater than 5.5 but less than 6.5.

. The ratio of aPC:salt:bulking agent (w:w:w) is an
important factor in a formulation suitable for the freeze
drying process. The ratio varies depending on the

30 concentration of aPC, salt selection and concentration and

bulking agent selection and concentration. Particularly, a
ratio of about 1 part activated protein C to about 7.6 parts
salt to about 6 parts bulking agent is preferred.
A unit dosage formulation of activated protein C
35 suitable for administration by continuous infusion was

prepared by mixing activated protein C, NaCl, sucrose, and



- 12 - reconstituted activated partial thronboplastin tine .
reagent ( ent, Sigm) were added and i ncubated at for
5 mn. Af f‘gﬁgsggﬂgation, 50 [err]l of the appropriate sarm‘i‘?é’ssggi{o]’p
standards were added to each cuvette.- IBi kution 5 buffer was used in place
of sanple or standard to determ ne basal clotting tinme. The tinmer of
the fibronmeter (CoA Screener Henostasis Anal yzer, Anerican Labor) was
started upon the addition of 50 [err]l 37[err]C 30 MM CaCl[err] to each .
sanpl e sodismacdarateAbniffeed After mixingceat mbt odn the swiiteison 0
are cal cul d | I q

curve. O ofEnGpAtEized Be7a \BEHE Moopgkatigbatle 480 1ycBitiiiey.
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iliz | v |

a procé%s ﬁﬁeCS P& IQwﬂﬂquéEQZﬁ%.to al PEtPoHscﬁﬁﬁ#ﬁgﬁﬁbtébout 2.5
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and a sodi um citrate buffer having a pH greater than 5.5 but |ess than
6.5. Additionally, the stable |yophilized formulation of activated
protein C conprises |lyophilizing a s@xanpie 1 conpr|5|ng about 5 ng/nL
activated protein C ahoyba38iB0ARN shantS W oms énL NaCl, and a
citrate buffer havin 6. 5.

The rd@ o of aP§e§§P§ebtﬂ34§ttﬁ}Qfge¥ﬂh3(WW% hgsaproven. epdndisal factor in a

formul at i Oefwbha? An AN AdREZL crit féal NFoPEOEAS Eonthd1AlP Vari es
depending on . the 3Q cogncentrat, of aPC, salt selection and concentratlon

and buPRPA§EAgESy LheRTH RPRRESY  BeFHRenPaPC andaASp wa
ratio of abrainihefgatin atid Gtiatbpreigi ar€etdadposhodss (At Shunt salt to

sbout, & PaEh3oRibL0sR0RIY. | S ELEL atloed o chrphniii (3520 5ns ppen
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sucrose, afjdpendent inhibition of thrombus formation.

To examine the effect of aPC and aspirin, Guinea pigs
(approximately 500 g) were anesthetized with 20 mg/kg Rompun
and 125 mg/kg Ketaset, and a shunt was inserted connecting

20 the right carotid artery and the left jugular vein. The
shunt contained a cotton thread which stimulated thrombus
formation. aPC was administered to inhibit thrombus
formation with a bolus plus infusion dosing regimen (0.5
mg/kg bolus plus 3 mg/kg/hr). Additionally, whole blood

25 aPTIT was performed before and during the dosing regimen and
circulating aPC plasma levels were measured by immunocapture
amidolytic assay. Aspirin was administered at 10 mg/kg,
intravenously, and in studies with heparin, a dose of 30
units/kg bolus followed by an infusion of 40 units/kg/hr was

30 used. Bolus dosing was performed via cannulation of the
left jugular vein and blood sampling was performed via
cannulation of the right jugular vein. Blood samples were
drawn at consecutive time points into 3.8% Na3 citrate
containing 300 mM Benzamidine HCl (9 volumes blood to 1

35 volume citrate/benzamidine solution). Blood volume was
replaced in the animal with saline after each draw. Plasma



- 13 - sodiumcitrate buffer. After mxing, 4 nL of the solution

was transferred to a unit dosage receptacle and Iyophlllzed nit
dosage recWP%65M2cont ai ni ng about 5 ny to about 20 'fcra{g?| va?H
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thronbus fe%@@“%"ﬁﬁ&ﬁ PR Bappb Us Iafaégenoéowﬂ éﬁ@' ABA (0.5
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anticoagulant, was also compared. As shown in Table 2, the
15 dose of aPC and heparin were chosen to each give

approximately the same antlthrombotlc effect in the model
(45.9 and 43. 3% 1nh1b1t10n, respectlvely) The combination
of ASA and aPC resulted in a significantly greater
inhibition of thrombus formation than was obserwved with aPC
20 alone (p=0.01). In contrast, the combination of the
anticoagulént heparin with ASA showed no significantly
greater effect than that ocbserved with heparin alone. These
data demonstrate a synergy between anti-platelet agents and
aPC, and suggest that: (a) patients on either ASA or other
25 antiplatelet agents therapy will achieve increased efficacy
by combination therapy with aPC, and (b) therapeutic doses
of aPC may be reduced in presence of anti-platelet therapy.
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and ASA.
[Treactment Thrombus Weight¥® Thrombus Weight® |
(minus ASA) (plus ASA)
Control 100 £ 3 95 1 3
AaPC 46 £ 5 27 £ 5(p=0.01)"
"Heparin 43 £ 5 — 39 ¥ 6
% 6F Control '
15
Example 2

The Effect of aPC and a IIb/IIIa antagonist in the Guinea
Pig AV Shunt Model of Thrombosis
To examine the effect of combination therapy of aPC and

20 a representative synthetic IIb/IIIa receptor antagonist, the
guinea pig AV shunt model of thrombosis as described in
Example 1, was utilized. 2-([6-carboxy-n-hexyl]
carboxamidyl) -5-amidino benzofuran trifluoroacetate prepared
as described in Fisher, et al., US Patent NO. 5,618,843 was

25 used. The combination of aPC and the IIb/IIIa antagonist
resulted in a significantly greater inhibition of thrombus
formation than was observed with aPC alone (Table 3). These



- 15 - Table 1 The effect of ASA

on platel et Thronboxane B2 rel ease and thronbus wei ght i | pea
Pig AV- ShufYORYIRZ The 5 data shows that despite near maxi %ﬁtrnﬁsﬁﬁﬁ)oqul on
of Thr omboxane B2 rel ease, ASA had @ -ef fect on thronbus wei ght .
Tr eat ment Thr omboxane B[ err] Thr ombus wei ght -
Rel ease Control (PBS) 638 ng/m - 38.3 [err] 1.1 ng (n=10)
ASA (10 ny/ kg) 10 ng/ m 36.4 1.3 ng (n=8) 10

Table 2 gata démbhbBirateoh Syneiei0betwRin'est aid dWymhebeparin,
and ASA. b i}fatnegt . Thronbus wei ght * Thr onbus Wei ght *
(m-nus A&MII / a an ?ﬁP&%sESM Contr ol 100 [err] 3
95 [err] 3 aPC 46 5 27 5(p=0.1)
Heparin . 43 5 T 39 6 * % of control 15
Exampl e 2 The Effect of aPC and I la antagoni st in the Quinea

Pig AV Shunt Mddntithrprbebds synergism briweemiaRC tand o fEER/BIIa

combi nat i ony{fegaRYsel, aPC and 20 a representative synthetic¢ Ilb/llla
receptor antagonist, the

"Treatmenc Thiombus Weight* |  Thrombus Weightw® |
(minus IIb/IIIa (plus IIb/IIIa
antagonist) antagonist)
[Control : 100 = 3 82 £ 3
aprC 46 t 5 9 I

¥ % Oof control

10 Exgmgle 3
The Effect of aPC and abciximab in the

Treatment of Thrombotic Disorders
Abiciximab (ReoPro’) is an agent which inhibits
platelet aggregation by binding to IIb/IIIa receptors on the
15 platelet cell surface. Combination therapy with aPC and
abciximab is effective in inhibiting thrombosis by down-
regulating the blood coagulation process and inhibiting
platelet aggregation. Abciximab is administered as a bolus
injection at about 0.05 mg/kg to about 1.0 mg/kg followed by
20 a continuous infusion of about 0.025 ug/kg/min to about
1 ug/kg/min for 12 hours. aPC is administered as a bolus
injection followed by a continuous infusion or as a
continuous infusion of about 2 ug/kg/hr to about 96 ug/kg/hr
for about 24 to about 144 hours.
25 This combination therapy results in a synergy that is

safer and more efficacious and reduces the dosages of both
aPC and abciximab necessary to treat thrombotic disorders.



gui nea pig AV shunt rodel of thrombosis as described in .Exanple 1, was
utilized. 2- boxy- n- hexyl ] carboxanidyl)-S-anidinorgﬁgﬁ%
trifluoroa éﬂﬁ% %repar ed as described in Fisher, et al ygl{‘ﬁ
5,618,843 was 25 used. The conbi nati on of7aPC-and the IIb/IIIa antagonlst

resulted in a significantly greater inhibition of fornatlon
t han was observed with aPC al one (Table 3). These ﬁ” Ug’

- 16 - data denonstrate a synergy between. aPC ahd @ ’
I1b/111a apsagpaift- TABLE 3
Antithronbotic synergi smbetween aPC and a Ilb/llla ant agoni st .

Tr eat nent Thr onmbus Wi ght * Thr onmbus Wi ght *

(mnus Ilb/llla

ant agoni st) 1-coftt @%655|£t¥reatinglﬁ thepppotic dls°rdera§%eﬁgpifté

aPC 3 patient in fédE'tHereor, whibRfcémprisks, &Bministering to

Exanpl e The Effect of aPC and abci xi nab in_ the

Treat nent gaidhpatientc aDiphameaceutically ébfeckivabamRen®r of i s an agent
whi ch inhibits pl at el et gr egatiop b bi ndiing to IIb/IIIa receptors on
the 15 plackivated Préa}rqlébé-g °Ph¥%agy tipdatslet

abci xi mab |§ ﬁEfectlve I n |nh|b|t|ng t hr onbosi s by domn- regul ating the
bl ood coagﬁ &FFon process and inhibiting

2. The method according to Claim 1, wherein the
10 patient is suffering from acute thrombotic stroke, venous
thrombosis, myocardial infarction, unstable angina, abrupt
closure following angioplasty or stent placement, or

thrombosis as a result of peripheral wvascular surgery.

15 3. The method according to Claim 2, wherein the amount
of activated protein C administered is about 2 ug/kg/hr to
about 96 pug/kg/hr.

4. The method of Claim 3 wherein the activated protein
20 C is administered by continuous infusion for about 24 to

about 144 hours.

5. The method according to Claim 3, wherein said
antiplatelet agent is selected from a group consisting of
25 aspirin (ASA), clopidogrel, abciximab, dipyridamole,
ticlopidine, IIb/IIIa receptor antagonists or a combination

thereof.
6. A method according to Claim 5, wherein said

30 antiplatelet agent is aspirin (ASA).
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pl atel et aggregation. Abciximab is adninistered as a bol us i nj ection at

about O. to about 1.0 ng/kg followed by 20 a contigp4@ssesafiysi an
of aboutqg g@égﬂg/kg/n1n to about 1 ug/kg/mn for 12 hours. aPC s

adm ni stered as. a-bol u \ wect i on fi@d owed by a continuous infusion or

as a conti m\\ ““ about 2 [err]g/kg/hr to about 96
[err] gl kgl hr {\

s24*t 0 about 144 hours. 25 Thi s conbi nation -
therapy results*in“a synergy that is safer -and nore efficaci ous and
reduces the dosages of both aPC and abci xi mab necessary to treat
t hronboti c di sorders. -17-

Ve daim 7. A methogsacerrding, i F1HR & n vherednridtion with an
i pl f di f 5th
antiplate Oé%e%%ﬁgggélggrgbggtnggutﬂ | en q'(ﬁ a medi canent for t he treatnent

of a thr sord n a pa N eed t her eof . 2.
The use of Claim1l, wherein the thronbotic disorder IS acute
thronbotic stroke, venous thronbosis, nyocardial 10 infarction, unstable
angi n§, abruptaglosumgthgnlgmqq;dlng to Claim 5, wherein said

antiplatelet agent is clopidogrel.

9. A method according to Claim 5, wherein said
antiplatelet agent is abciximab.
10
10. A method according to Claim 5, wherein said

antiplatelet agent is dipyridamole.

11. A method according to Claim 5, wherein said

15 antiplatelet agent is a IIb/IIIa receptor antagonist.

12. A method of treating a thrombotic disorder in a
patient in need thereof, which comprises administering to
said patient a pharmaceutically effective amount of an

20 antiplatelet agent and activated protein C such that an
activated protein C plasma level of 10 ng/ml to less than

100 ng/ml is achieved.

13. The method of Claim 12, wherein said patient is
25 suffering from acute thrombotic stroke, venous thrombosis,
myocardial infarction, unstable angina, abrupt closure
following angioplasty or stent placement, or thrombosis as a

result of peripheral vascular surgery.
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angi opl asty or stent placenent, or thronbosis as a result of
peri pher al l.ar surgery. 3. The use of Cainp
wosEssdy

ﬁ@hn the
dosage of 15 protein Cis about 2 [err]g/kg/hr
[err]g/ kgl hr. 4. The use .fe.0 ai m 3, mmm ﬁ\mm atel et
agent Is selected froma group consisting o

(ASA), cl opi dogrel, abci xi mab, di pyridanol e, tlclopﬂdlﬁe 20 IIb/IIIa

recept or antagonists or a conbi nation thereof. - 5. Use of

activated projgin €hbnmetkHodJf @Wladint L Awherein athe phetEvatedgent for the
manuf acture of a nedi cament for. the treatment of a thronbotic

di sor derproteipaCi tat admindsterez; by montsinuas cinfespensteraghphtst eri ng
to sM(jégulent a har maceutically effective anount of an
anti pl at%t ctCaghApt 144 Stctivated protein C such that an activated

protein C pl asma | evel of 10 ng/m to less than 100 ng/m is
achi eved.

5 15. The method of Claim 12 wherein the activated
protein C is administered first as a bolus then as a

continuous infusion.

16. A method according to Claim 5, wherein said

10 antiplatelet agent is aspirin (ASA) and clopidogrel.

17. A method according to Claim 5, wherein said

antiplatelet agent is aspirin (ASA) and ticlopidine.

15 18. A method according to Claim 5, wherein said

antiplatelet agent is aspirin (ASA) and dipyridamole.

19. A method according to Claim 5, wherein said

antiplatelet agent is aspirin (ASA) and abciximab.

20
20. A method according to Claim 5, wherein said
antiplatelet agent is aspirin (ASA) and IIb/IIIa
antagonists.
25 21. Activated protein C in combination with an

antiplatelet agent for use as a medicament for the treatment

of thrombotic disorders. L
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-18 - 6. The use of Caim4, wherein said antiplatelet

agents ar ké i (ASA) and cl opi dogrel . 7. The im4,’
wherein s?gggntl platelet 5 agents are aspiri n (ASA) and ti o%?’é.gﬁg

8. The use of Claim4, wherein said ankigd atelet - - Elrln
(ASA) and di pyri danol e. 10 9. The use of. ﬂn‘l&m ‘ma‘\ﬂm‘ aid-
anti pl at el et agent I's aspirin (ASA) and abci xi *10. The
use of Claim4, wherein said antiplatel et agent is aspirin (ASA) and a

[Ib/Il1la receptor antagonist. 15

22. The use of Claim 21, wherein the thrombotic
disorder is acute thrombotic stroke, venous thrombosis,
myocardial infarction, unstable angina, abrupt closure

5 following angioplasty or stent placement, or thrombosis as a

result of peripheral vascular surgery.

23. The use of claim 22, wherein the dosage of
activated protein C is about 2 pug/kg/hr to about
10 96 pg/kg/hr.
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