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The invention relates to the therapeutic and pharmaceutical combination
of a platelet inactivating drug, acetylsa.licylic acid, and a direct thrombin
inhibitor, hirudin, for the treatment of patients with acute myocardial

infarction ‘who are not undergoing thrombolysis.
10 Related Art

1. Acute Vascular Diseases and Clot Formation

Acute vascular diseases, such as rhyocardial infarction, stroke,
pulmonary embolism, deep vein thrombosis, peﬁpheral arterial occlusion and
other blood system thmmbqseé constitute major health risks. In particular,

15 . acute myocardial infarction (AMI) occurs with a mortality rate of about 35 %,
with about half of the deaths occurring before the patient reaches a hospital;
an additional 15 to 20% of survivors die in the first year following myocardial
infarctim:ls:--'(Pastemak, R.C., et al.', Chapter 190 in Harrison’s Principlés of

_ Internal Medicine, 11th ed., Braunwald ez al., Eds., McGraw-Hill Book Co.,

20 ~ New York (1987), pages 982-993). Acute vascular diseases are caused o
aggravated by either partial or total occlusion of a blood vessel by a gblood
clot, which typically consists of fibrin and/or aggregated platelets.

Blood platelets play an essential role in normal hcmostasis.. They have
both a distinct hemostatic function and a thromboplastic function. Hemostasis

25 " is injtiated within a few seconds following a trauma, when platelets begin to
adhere to the edges of the lesion. This initial adherence of platelets may be



Internal Medi ci ne, 11th ed., Braunwald et al., Eds., MGawH || Book Co.,
20 New York (1987), pages 982-993). Acute vascul ar di seases are
caused or aggravated by either partial or total occlusion of a
bl ood vessel by a bl ood clot, which typically consists of
fibrin and/or aggregated pl atel ets. Bl ood pl atel ets pl ay
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di stinct henostatic function and a thronbopl astic function. Henbstasis 25
S |n|t|ated within a few seconds followi ng a trauma, when platelets begin
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further platelet aggregatmn and release. The ultimate result is a mixed clot

composed of aggregated platelets and polymenzed fibrin (Handin, R.I.,

Chapter 154 in Harrison’s Principles of Internal Medicine, 11th ed.,

15 Braunwald er al., Eds., McGraw-Hill Book Co., New York (1987), pages
266-272).

| Although necessary for normal hemostasis, clot formation resulting

from platelet aggregation and release reaction is now recognized as bemg

~ responsible for, or contributiné to, a variety of life-threatening vascular

20 diseases, such as myocardial infarction, stroke, peripheral arterial occlusion

and other blood system thromboses. In patients suffering from such diseases,

clot formatlon is an undesirable event and inhibiting or controlling clot

formation is prophylactic or therapeutic for such patients.
2 Acetylsalicylic Acid

25 Commonly known as aspirin, acetylsalicylic acid is commonly
described as an analgesic (see, e.g., p. 16 of The Merck Index, 11th Ed.,
Budavari er al., eds., Merck & Co., Rahway, NJ (1989)). Recently,
however, ASA has been investigated- for use as a therapeutic anticoagulant,
although the degree of therapeutic value of "ASA treatment for specific



266- 272) : Al t hough necessary for normal henostasis, clot
formation resulting from pl atel et aggregati on and rel ease
reaction is now recogni zed as being responsi ble for, or
contributing to, a variety of life-threatening vascular 20
di seases, such as nyocardial infarction, stroke, peripheral arterial

occl usi on and ot her bl ood syste?1thronboses In patients
suffering fromsuch di seases, ot formation is an undesirable

event, and inhibiting or controlling clot formation is

prophyl actic or therapeutic for such patients. - 2.
Acetyl sal icylic Agidovaséiiar condmons remains a SeBjeRYf\cokrowersp{Pasgnik,R.C.,
acetylsalicylic acid is commonl descrj bed asMacrLBanal ge5| C
(see, e.g., p. leroi., THhapiesrioQ mnaemmi& Rripgiples of Internal JaH eds

al ., eds., Merck I yeNer,
ASA has been | nveé‘?%vé?ldg? P g?tgggli%‘(éégﬁf%ﬁ?gggg'ﬁb}: %ﬁ?l%%rgg%%?f pa
al t hough the degrgRih6iis, FheSapeset 263:24 (19940, ASA it spathasintd by knowe aiethials

- 3- car di ovascul ar condi_ti ons. .r i ns a subject of controversy
(Pasternak, R C.,(e.g., German FatenpNo. %}@%@9@% in Harrison's ‘Principles of
| nt er nal |\/de Ci ne 11t h ed. Braunwal d et al., Eds., McGawHill
Book Co., New York (1987), page 987; . _ Al dhous, P., Science 263: 24

(1994)). ASA is synthe3i zedHepaknown net hods

Heparin is a complex.linear polysaccharide of 60 to 100 kilodaltoné
. that, due to a series of modification reactions that do not go to completion, is
comprised of a variety of oligosaccharide structures. The use of heparin,
10 which is water-solub’lre, to prevent the in vitro clotting of blood removed from
the body, eventually led to its in vivo use to treat venous thromboembolism,
in which thrombin activity is responsible for the development or expansion of
a thrombus (Majerus, P.W., et al. , Chapter 55 in Goodman and Gilman’s The
Pharmacological Basis of Therapeuncs 8th Ed., Pergamon Press, NY
15 (1990)). .
Heparin is an indirect thrombin inhibitor which acts by increasing, by
at least 1,000-fold, the rate at the inhibition of thrombin by antithrombin I,
a member of the "serpin” family of serine protease inhibitors (Olson, S.T.,
J. Biol. C'hem 263:1698-1708 (1988), Tollefsen, D.M., pages 257-273 in
20 Hepann Chenucal and Biological Properties, Clinical Appllcanons, Lane,
. D.A., et al., eds., Edward Amold Publishers, Ltd., London (1989)).
' Recently, it has beceme elea.r_ that heparin has additional activities in vivo
including but not limited to (1) increasing the rate at which HCII (heparin
cofactor II), another member of the “serpin" family of serine protease
25 inhibitors, inhibits thrombin; (2) promoting the binding of thrombin to fibrin
polymers (Derechin, V.M., et al., J. Biol. Chem. 265:5623-5628 (1_990)',
Hogg, P.J., et al., J. Biol. Chem. 265:241-247 (1990)). ‘
Unfractionated Hcpa.nn is widely used in AMI patients as adjunctive
antithrombotic therapy. Because of its mode of action, heparin is useful to



5 (e.g., German Patent No. 236,196 (1908)). 3.

Heparin Heparin is a conplex linear polysaccharide of

60 to 100 kil odal tons that, due to a series of nodification
reactions that do not go to conpl etlon I's conpri sed of a .
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heparin. H15t1dme-nch glycoprotein and S-protem (vitronectin) also
competitively inhibit the binding of antithrombin to heparin (Majerus, P.W.,
er al., Chapter 55 in Goodman and Gilman’s The Pharmacological Basis of

15 Therapeutics, 8th Ed., Pergamon Press, NY (1990)). Due to a variable
degree of .protein binding and heparin inactivation, the dosing of heparin has
to be individually adjusted for each patient, and the clotting time (i.e., the
activated partial thrdmbdp‘lastin time (aPTT)) of the patient’s blood must be

. closely monitored during the course of treatment (Majerus, P.W., et al.,

20 | Chapter 55 in Goodman and Gilman’s The Pharmacological Basis of
Therapeutzcs, 8th Ed., Pergamon Press, NY (1990)).

'I'h1rd unmunologlcal responses limit heparin use in some patients. In
about 5 to 10% of patients treated with heparin for more than 5 days
intravenously, antibodies are induced. In about 0.2 to 0.5% of patients

25 treated with unfractionated heparin, the heparin induced antibodies result in

thrombocytopenia and severe thmmbocmboﬁc complications. In patients
suffering from heparin-induced thrombocytopenia, immune-mediated
. thrombocytopenia may have dire thrombotic consequences, as heparin actually

accelerates platelet aggregation, often with fatal consequences.



-4- ' . prevent only thronbin-induced platel et aggregation. Even in.

t hat application, : however, the overall efficacy of heparinis
guestionabl e. Furthernore, therapy with heparin is limted by
several factors, including but not limted to the followng. 5

First, heparin produces nmany undesirable side effects, including

henor r hagi ng, hepari n-i nduced thronbocyt opers-a, abnornmalities in hepatic
function, osteoporosis, hyperkalem a and the |ike (Myjerus, P.W, et al.,
Chapter 55 in Goodman and G | man's The Pharnmacol ogi cal Basis of

Ther apeutics, 8th Ed., Perganon Press, NY (1990)). 10 . L
Second, many bl ood pr ot BiussPrIPRIO tagiRTESeRt HvenEen.fa; peedrexisted; fqrrag; adjungyive
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| nactivate hepar1 n. i sti.dine-rich glycoprotein and S-protein
(vitronectin) al schave the undesirabjocharacteristidsyofi hepatint t he bi ndi ng of

antithronbin to heparin (Mjerus, P.W, et al., Chapter 55 in
Goodman and G | man's The Pharnacol ogi cal Basis of 15 "Ther apeuti cs,
8th Ed., Perganon Pressyq, NY Hi93f and Vapichey Pheresf abl e degree

of protein binding and heparin inactivation, the dosing of heparin has
to be individually adjusted for each patient, and the clotting tine (i.e.,

the activat | Rrantify m&e@ ' §i ﬁTga,Tb )X NEnin
patient's gl ood nust be%aﬁ{irs 2 c?ose y %‘Mrg&:‘f’ uri ng ltxﬁjetﬁt(;jour sg of
treat ment (Maj er usaciés wlength, the firstafember of which svas ésolBed fromGbe dheah Hindlo

G I man's The Phar macgl oqgi.c asi Ther, i Sth Ed.,

Per ganon Press, W”’f%’gggflf?hﬂ%u&’g”bletm E"‘*Fﬁ‘r’r 26 ﬁ%ﬁé?@&%aﬁt EaSt
responses |init hepasidiffeeat isospadific FoitheWfShinidin, HV-1 and HV3)Okdvedbédn 10%
of patients treated with heparin for nore than 5 d_a)és . . . '
i ntravenously, ant segneed andehavegbeengshopm indiffercslightly ip amingracishsequanee 25

e W U aGigR, BB LEPRL L ol oA S RN ERY
In patients _ Both HV-$ uhd #IV-2gonfprisena dirglepolypeprilieceinin protein containing
romoecyt open o, TGS 8580 e g ey ORI EARER! RN
pl atel et aggregati Qhin®hdi8an¥ thb chdorY €ANMAS WRIGES -comprises polar amino acids.
Sequence analysis of naturally occurrin,;; forms of hirudin revealed homologies
15  of about 80%, and six cysteine residues were assigned to three disulfide bonds
connecting Cys® to Cys!4, Cys!® to Cys®®, and Cys?? to Cys®® (Dodt, J., et
al., Biol. Chem. Hoppe-Seyler 366:379-385 (1985); Mao, S.J.T., et al., Anal.
Biochem. 161:514-518 (1987); Harvey, R.P., e al., Proc. Natl. Acad. Sci.
| (USA) 83:1084-1088 (1986)). All forms of hirudin are characterized by an
20 N-terminal domain (residues 1-39) stabilized by the three disulfide bridges,
and a highly acidic C-terminal segment (residues 40-65) characterized by the
presence of a tyrosine residue at amino acid position 63 which is sulfated:
The three-dimensional structure of hirudin in solution has been determined
_ (Clore, G.M., et al., EMBO J. 6:529-537 (1987); Haruyama er al.,
25 Biochemistry 28:4301-4312 (1989)).

- Hirudin is a direct thrombin inhibitor with a very high affinity for
human thrombin (Stone, S.R., et al., Biochemistry 25:4622-4628 (1986)) as
well as thrombin from other mammalian species (Dodt, J., et al., FEBS Le.
229:87-90 (1988)). One molecule of hirudin binds to one molecule of



Thus, prior to the present invention, a need existed for an adjunctive
antithronbotic therapy for AM that utilizes a thronbin inhibitor that does
not . have t he undesirabl e characteristics of heparin,

4. Hi rudin and Variants Ther eof 5 Hrudinis a famly

of related pol ypeptides, each of about 65 am no acids in | ength,
the first nmenber of which was isolated froméhe | eech Hirudo
medi cinalis (Markwardt, F., Methods Enzynol. 19:924-932 (1970)). At | east
two different isospecific fornms of hirudin, HV -1 and HV 2, have been

sequenced and have been shown to differ slightly in amno,acid .sequence 10
(ngvey, R P., et thpombimpy farmingiay Pg%dﬂ’.“c@@?‘?"(t LjéR}Pr]S’S:"i’gsﬁ‘P‘féﬁsmf%SB%,
Both HV-1 and HV- ﬂ-[EE;E Galfy PERthe @ofEHkiBn RIFAItnBe&PRY AbRKNY
65 am no acids i n% I'C Fﬁsgn.am nggét‘ggsg?kﬁs_ p'rti ma?i |y fcgrrpri sesghydr ophobi ¢
anm no aci ds’ and t leddhe toepbin-erediatedsactivptiom of plaselaisris dlecked| dp capiras to

aci ds; Sequence,.anal ysi s.of n WRY rFlv' ﬂg-f r f s

hi rudi n. reveal ed | _gﬁi}&mﬁgfsoymacmagqs ci%t%q%ngdh&?ﬁ%lh Sl t)% égfg?ejls)r%hn' _
resi dues were assigpag Be:3gHIee doeoy)f i Ne imithidmbin II or any othenmefictargis

GG 10 O o e M hiatbe i,
S.J.T., et al., A i R roriB6a6Eho 1
R P., et eaI é, Pr ogal:ﬁétﬁ’.angc%o&s n&ﬁb@ﬁ&%rﬂ@& (&%%\?r g%,%%ggo 1088 tie
(1986)). Al for nscariplivationt Markewaidsr et f ialedThiprdn Hgemostasis 5 168r Hidnal

and a hi gty aci di GORoFiPsta Eegrli TreBbanetiah. Lir%adl 40D Pmper,
the 10 N.A., etal., J. Am. Coll. Cardiol. 22:296-301 (1993)). In animal studies,
hirudin exhibits low toxicify, little or no antigenicity and a very short
clearance time from circulation (Markwardt, F. ,.'et dl.,, Thromb. Haemostasis
47:226—229 (1982); Heras, M., er al., Circulation 79:657-665 (1989)).
In comparison to heparin, plasma levels of h1rud1n are much more
15 ~ stable and reproducible, as protein binding is rather low; as a result, there is
less interindividual variety of treatment for hirudin as contrasted to heparin
(Badimon, L., et al., Trends Cardiovasc. Med. 1:261-267 (1991)). In several
pilot studies in AMI patients undergoing thrombolysis, treatment with
recombinant hirudin in conjunction with ASA has shown some promising
20 results (Neuhaus et al., J. Am. Coll. Cardiol. 21:418A (1993); von Essen
| et al., Ann. Hematol. 68 (Suppl. II):A43 (1994); Cannon er al., J. Am. Coll.
: Cardio'le'-Q3:993-1003 (1994)). Treatment of batients havfng unstable angina
with recombinanf hirudin in-combination with ASA has_also been examined
(Topol, E.J., et al., Circulation 89:1557-1566 (1994)).
25 Methods for .the preparation and biological or biochemic_:al_eva.luation
of various natural forms of hirudin, as well as many variants of hirudin (a.k.a. .
"hirulogs"), have been described. In an effort to create a greater supply of
hirudin, attempts have been made to produce the polypeptide through
recombinant DNA techniques. The presence of an O-sulfated tyrosine residue
30 on native hirudin and the inability of mic@rg@sms to perform a similar

protein modification made the prospect of recombinant production of



presence of a tyrosine residue at amno acid position 63 which is sulfated.
The three-di nensional structure of hirudin in solution has been detern ned
(Clore, GM, et al., EMBO J. 6:529-537 (1987); Haruyama et al., 25

Bi ochem sty 28:4301-4312 (1989)). Hrudin is a direct
thrombin inhibitor with a very high affinity for human
thrombin (Stone, S.R, ‘et al., Biochem stry725: 4622-4628 (1986)) as

wel |l as thrombin from other nmammal i an species (Dodt, J., et al., FEBS Lett.
229:87-90 (1988)). One nolecule of hirudin binds to one nol ecul e of
thrombin, form ngba tight, noncoval ent conplex and thereby inactivating
thronbi n essent i aiplpgicallp\astive birpdin highly spesulagineerBowaves; desubfatorbiyuding o
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- cl ot - bound t hr onb{1987)\&id &,861,576. (1989)) Giridrecbmbinant (i.e.| ﬂmﬁhto-ﬁﬁuﬂ&i 391
(1990)) . Noantlthronbln III or an er_cofactor is % ired
for inactivation }Hﬁﬁ%iﬁl ropmdw%ﬁeah%yomhéﬂsmlé% 64

nppRsH
ot catlons ?ﬁﬁf‘@'@ﬁ &Fg‘*“??l IPR0 (1985), 3481003199, S B304
~(1984); Tal bot @Uﬁiﬂemtpatdderapphcatm Nes- 300,6519(8936) ;uch @52, 851;0
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~ 47:226-229 (1982); Her as, ., Circulation 79:657-665 (1989))

I'n conparison to Reieat Nos. &%é%(l%J $765 IA7H(LYBS), and SeRFEH5To(1993).
stabl e ang reproduct bl e a3 RLA LI Rl 09 ideh\ABhats8F S, " otlg
peptide fragments of hxrudm, which are effective in inhibiting clottmg. For
example, hirudin-PA and its derivatives are structurally very similar to
hirudin; however, at several important places on the protein chain, hirudin-PA
and its derivatives differ in a characteristic manner from the sequence of
IS hirudin. In hirudin-PA the strongly acid sulfate monoester group on the
phenolic hydroxyl of the tyi:osine group in position 64 (position 63 in hirudin)
is conspicuous (U.S. Patent No. 4,767,742 (1988)). Oligopeptides and
peptidomimetic analogs derived from hirudin, as well as mutant forms of
hirudin, having anticoagulant and platelét inhibitory effects are known in the
20 art (U.S. Patent Nos. 5,256,559 (1993), 4,654,302 (1987), and 4,668,662
(1987); European Patent Appl. No. 576,792 (1994); Internaﬁonal Patent Appl.
Nos. WO 86/035 17, WO 92/08736 (1992), and WO 94/080034 (1994)).
Furthermore, methods _ai'e known in the art for producing soluble,
| biocompatible compositions comprising hirudins (U.S. Patent No. 5,112,615

25 - (1992)). -

Incorporation by Reference

The entire text of all publications cited above and below are hereby
incorporated by reference.



| ess interindividual variety of treatment for hirudin as contrasted to

heparin (Badinmon, L., et al., Trends Cardi ovasc. Med. 1:261-267
(1991)). In several - pilot studies in AM patients undergoi ng

t hronbol ysis, treatnment with reconbi nant hirudin in conjunction
w th ASA has shown sone prom sing 20 results (Neuhaus et al., J. Am
Coll. Cardiol. 21:418A (1993); von Essen -8- et al., Ann. Hemazol.

68 (Suppl. 11):A43 (1994); Cannon et al., J. Am Coll. ' Cardi ol
23:993-1003 (1994)). Treatnent of patients having unstable angina

wi th reconbi nant hirudin in-conbination with ASA has al so been exam ned
(Topol, E.J., et al., Grcuation Swmaswy ghdherbrgntion2s

Met hods for the preparation and bi ol ogi cal or biochem cal eval uation

of various natural forms of hirudin, as well as many variants of hirudin
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create a greater supply of hirudin, attenpts have been made to
produce the pol ypebidia and ARfylto patients not Undef&%@bh‘ﬁ%@?@ﬁf wishny brombplytic

The presence of an %n? H}@&@dﬂd}ﬁgp H;'f@n{se 3¢ cardiovascul eer?xH 1if the

hirudin and the in3 mcrorganls oper orma sim
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desul f at o- hi r udi ns 00t Bakted o, mfiardl ipbartient el iiols SRS & ey, Sk,
counterparts (U.S. c5rin8AL reVQﬁ:ulaﬁzﬁé&n 3R cardiovascular deaft?8Ta pé‘ﬂﬁu]ﬁr 8\93 havd

(1989)), and reconbi nant e., desulfato-) hirudin has been
produced i n Escher idisepee t (radspinistrapian of theapombisationafl hisudin agd %% ta.

ma
and ybast (Eur opeab isiEnt 4 a@.’v b et ” eSO AcHE mydeigia
(1988)). Fwthernorxefardﬁahhqﬁmare known in the art for effecting the O-

sul fation; or conpar abl nodi fi gati ens, of rrblnan hi r ud in vitr.o
(U.S. P “Ihe Sjnvengon 18 "3tso *directed’ Itla.rmaceut{ composition

comprising the synergistic combination of hirudin and ASA, in the absence of

any thrombolytic agent. The phannaceutical coml;o_sition of the invention is

particularly useful in the therapeutic and prophylactic methods of the
15 invention. -

Detailed Description of the Preferred Embodiments

A preferred method of the invention includes the administration of

ASA (aspirin) in combination with hirudin to a patient such that the

occurrénte of one or more myocardial or cardiovascular events is thereby

20 inhibited and/or prevented, wherein the patient being treated is not undergoing
 treatment with any thrombolytic agent. The term “myocardial or
cardiovascular events” is meant to include, but not be limited to, myocardial

infarctions of various degrees of severity, strokes, coronary revascularization

and cardiovascular death. By the term "inhibited and/or’ prevented” s

25 ' intended the prevention, amelioration, or both, of such events. Thus, the
invention includes both a therapeutic andl a prophylactic modality: |

Included as well in the present invention are pharmaceutical

compositions comprised of ASA and hirudin in combination with a



Patent Nos. 225,633 (1987), 4,745,177 (1988), and 5, 256,559 (1993)). 10
Efforts have been made to identify variants of hirudin, including o
peptide fragnents of hirudin, which are effective in inhibiting clotting.

For o exanple, hirudin-PA and its derivatives are structurally
very simlar to hi rudi n; however, at several ipportant places on
the protein chain, hirudin-PA

in arfd its derivatives differ in a
characteristic manner fromthe sequence of 15 hirudin. In

hi rudi n- PA the strongly acid sul fate nonoester group on the o
phenolic hydroxyl of the tyrosine group i.n position 64 (position 63 in
hirudin) pharmaceupt pim@g“( 2 1elpyt Eﬁf‘“ﬁb.‘&, %‘9?"/‘&‘?“@19@8‘}‘)’.
Qi gopept i des andpyention are interdd8®!fofl ABafREACORPAUIGHES iR arecdof baderpbingdi N,

as well as nutant forns of _hirudin, having anticoagqul ant and
pl at el et i nhi bi t drsatmhtewith anyethrorobelylic agent, 3och agents agy exqluded from: gt

Nos. 5, 256,559 (199 4 694, . 7), 6 : "o 87);
Eur opean Pat ent Aﬁ’ﬁﬁ? l.;dsf\tlgj.n ?ééﬁ géﬂ‘%‘i@é)ﬂf) ;ﬁﬁttéek‘rnga??%%olylgact% etnt Apu;lﬁl&&e% )
Nos. WO 86/ 03517, stitfptSiandi8;7 Afrokihd@?) tissae) P MENEoEEB 0A8HvatdrOg¥PA. or, when

Furth , t hod K ' ' f ' .
bi oconpati bl-c. conBBEHOYS FEaBITAet REhieFbRAReY (Ore). S RpRminpgons: o

25 (1992)) tokinase activator coRipRPAPSACY, &4 fRRfIgkeeMBerus, P.W., e
The entire text o ug?l publications Cited abov5e1’ and bel ow@g?e her eby’ €

i ncor porated by ref.e@apter 55 in Goodman and Gilman’s The Pharmacological Bas%/s of
Therapeutics, 8th Ed., Pergamon Press, NY (1990)). '

10 By the term "ASA" is intended acetylsalicylic acid, also known as
aspirin, 2-(acetyloxy)benzoic acid 2-carboxyphenyl ester, 2-hydroxybenzoic
acid acetate 2-carboxyphenyl éster, salicylacetylic acid, and Displosal Acetate.
Also included by the term "ASA" are derivatives thereof having the biological
activity of ASA.- | )

15 The dosage of ASA varies according to different embodiments of the
invention, as well as the age, size and medical condition of the patient. Thus,
in one er.nbodiment, the dose of ASA does not vary over the period of
treatment and is about 50 to about 500 mg/day, in particular about 80 to about
300 mg/day, and preferably _about ‘80 to about 100 mg/day. In another

20 B embodiment, the dose of ASA is about 160 to about 325 mg/day for the first
1to5 days followii_ig an AMI, and is about 80 to about 160 mgldaj( for on
subsequexi__g days. Inall embodiments, ASA is preferably administered orally,
and, in therapeutic modalities, is preferably administered beginning as soon
as possible after a diagnosis of AMI has been made and continuing for up to

25 about 3 to 6 months after the event.

By the term "hirudin" is intended hirudin family members isolated
from their natural sources; recombinant hirudin, produced by isoliting a gene
encoding a hirudin protein and introducing the g.cne into an appropriate
vector/host system for production of hirudin; and synthetic oligbpeptides and

30 peptidomimetics derived from hirudin having the anticoagulant activity of

hirudin. There are many in vitro and in vivo methods known in the art for



Summary of the Invention W have discovered that the
adm ni stration of the conbination of hi rudin and ASA to patients
-not undergoing treatnment with any thronbol ytic - agent, inhibits
and/ or prevents nyocardial or cardiovascul ar events in the 5

patient treated thereby. Myocardi al or cardi ovascul ar events include; but

are not limted to, myocardial infarctions of various degrees. of
severity, strokes, coronary revggcul ari zati on and cardi ovascul ar
death. In particular, we have di scovered that the admnistration
of the conbination of hirudin and ASA to patients is effective
in preventing the recurrence of acute myocardi al I nfarctions
(AM) - determining thecagtisoagmlans getivitupba m%we@m@na How expmpleut | cal
conposition § ﬁ){ﬂﬁf di n
and ASA, in the 4 %%%é&grmahaé?% 342 nﬁ nda%ﬁ yt|c a edr?%n ag‘%mgm&'

phar maceutical camvasiniisduced ot ﬂhemmrﬁyl ominidin variant (often apmedsicad byrdhy

f ul he th d h ho
vention. " aelied pasial” chroBfbobladn ciy ppT s Dor (B dSraiaions, of

Enbodi meng s thrombin-induced serofdnfi rRfe@td £1d/sFhiRtbdxhné-AQ defid@Abd, ARd/or
I ncl udes the adm nistration of ASA (aspirin) in conbination

with hirudin to .a3)adeterminatiens tofiainhibition of thrombm D cegymate eagsivityn@nor

nore nyocardial o ent 2 ed
and/ or prevented, &Wﬁ g#‘ﬁg%t{%% ‘ﬁ[{lb(gl%ﬂﬁﬁxo%?ﬁ ’@QXU $ Pat nt No e?@gb%b
treatment with anMQ@h},cﬁM 915 €19633 05,242 8I1Kie(1993}n5 221’1/,66%1(&199530, ér832 849

car di ovascul ar ev ' t lL.ud but e dto,.

myocar di al a%a)’ gﬁ@? sjﬁs(lgggvar ﬁ?}ﬁ 3&%@5’% i E’S‘z‘ BsPPbokes,
coronary ipevascul fmiedtth ORirudin HV1, desul?di@ HiRddEh Ow'?f)'-'de%ﬁlfﬂé%fhdm Byvi he
term "inhibited and/or prevented" ' is i ntended the prevent’i on,

amel i oration, or. Eﬁb’ﬁ-dQSﬂlfﬁgchhlemt SHVThuéGhﬂ‘l’é“ ‘2) desulfato  hirydiwy e Y bin
el Ui 00t AR AP GRS Al e V1, et
conposi tions corrplGlﬁ’édAog"’)A&SuHﬂd lﬂn;dudHV]i n(GofthiGiatt,i Ang*Wi-ddsulfato hirudin
' HV1, (des-Val', Thr?)-desulfato hirudin HV1, hirudin HV2, (Lys*")-hirudin
15 HV2, and hirudin PA.

The dosage -of hirudin, and means of administration_ thereof, vary
according to different embodiments of the invention, as well as the age, size
and medical condition of the patient. Thus, in one embodiment, the dose of

_ hirudin does not vary over time and is 0.05 to 0.2 mg/kg_bddy_weigbt/day,
20 preferably 0.1 to 015 mg/kg body weight/day, and is administered
mtravenously In a related embodiment, the dose of hirudin does not vary
over time and is 0.25 to 1.0 mg/kg body weight/12 hours, preferably about
0.5 mg/kg body wexght/ 12 hours, and is administered’ subcutaneously. In
another embodiment, an initial dose of hirudin is 0.2 to 0.4 mg/kg body
25 weight administered intravenously in a bolus followed by a current infusion
of 0.05 to 0.2 mg/kg body weight/day of hi.rudin,. preferably 0.1 to 0.15
mg/kg body weight/day hirudin. In all embodiments, hirudin is preferably
administered orally, and, in therapeutic modalities, is preferably adrrﬁnistered
beginning as soon as possible after a diagnosis of AMI has been made and
30 continuing for up to about 3 to 6 months after the event. |



- 9- pharmaceutically acceptable carrier. Because the

conposi tions of the invention are intended for treatnent of
patients who are not undergoi ng treatment with any thronbol ytic
agent, such agents are excluded fromthe " conposition of the

invention. The term "thronhol ytic agent” includes 5

st rept oki nase, urokinase, tissue Plasm nogen Activator (t-PA or, when

produced via recomnbi nant DNA technol ogy, rtLIPA), ani soyl at ed- Pl asnmi nogen-

- Streptoki nase activator conplex (APSAC), and the like (Mjerus, P.W,: et
al., Chapter 55 in Goodman and G | man's The Pharmacol ogi cal Basis of

Therapeutics, 8th Ed., Perganon Press, NY (1990)). 10 . . By the
term"ASA" is int e_ndedBécg’gyfeéﬁll  BgHants 4t g{ngg\qg)gé'tgkmbgyﬂc treatment” i¥/ _
aspi rin, 2-(acetylfelhssRipatiémts dufferii ROXYANE T wRSh&hro RItaxxpe iy oi ¢

acid acetate 2-carboxyphenyl’ ester, sallcylacetylic acid, and D spl osal
Acet at e. not ayaglable dur el ehe prgsanise of eperpr more medicabieqntpindicatiens per eof

havi ng t he bi ol ogi aGtd v . .
dosage of ASA var if(grggna%(%t%eéi 5% gﬁﬁl&fef&%ﬁ‘?‘re 0 |nrjcr’§ﬂttg tgf""t‘??elyuc theJ[;S?
i nvention,s as wel linclsdd, vat agenotskimitedits] (1 durgaty (ogdidrgambiopsy, lpanpiaird efit .

Thus, I n one enodi nent,. the dose of ASA.does not vary, o,veS] t he
period of - noncompresyibla fessglyy segions Apumanog SHeY r’fﬁ%“&éﬁ“ _
particul ar about 8&@HiR 10RAYS, (2) serious gastrofdRtindl/Bleddingdwithidr thfe rAdhtts,aBpuUt
80 to about 100 ng/day. |In another 20 enbodi nent, the dose of ASA is

about 160 to abouthiBoH efghResterdien, (R artiyebleeding or hemorrhagicdisogderegnd (5) |
(olou 19,20 A i BBl of BOLARISL P priny |,
and, in therapeuti®.Wndaldll,i €sapters5PiiniGocainiay auhGiimsmés Ehe Pogimuriotagiad
igﬁ?i nui ng for up.gqsa’ispgés %ECU%E%E%B?ES: %g‘nggg];‘?grﬁ%fﬁ%‘/ﬁﬁx Z@Pﬁ:egquﬁgg Yr:d
: patients may. elect fo not pursue thrombolytic therapy for religious or other
personal reasons. -By the terms “"thrombolytic therapy" and "thrombolytic
" treatment” is meant the administration of one or more thrombolytic agents to
15 a patient in need thereof. Thrombolytic agents include, but are not limited to,
streptokinase, urokinase, tissue Plasmihogen Activator (1-PA or, when
produced via recombinant DNA technology, rt-PA), anisoylated-Plasminogen-
Streptokinase activator complex (APSAC), and the like (Majerus, P.W., et
al.-,-Chapter 55 in Goodman and Gilman’s The Pharmacological Basis of
-20 Therapeutics, 8th Ed., Pergamon Press, NY (1990)).

_Acetylsd?fi:ylic Acid in Patients with Acute Myocardial Infarction

As shown in a large, double-blind, randomized and placebo-controlled
trial, the use of acetylsalicylic acid (ASA) reduces mortality, reinfarctions and
strokes in patients with acute myocardial infarction (AMI). Specifically, in

25 the Second International Study of Infarct Survival (ISIS-2), performed on
17,187 patients with AMI treated within 24 hours of the onset of symptoms,
daily treatment with 162.5 mg of ASA reduced the 35-day mortality by 23 %
(ISIS-2 Collaborative Group, Lancet ii:349-360 (1988)). In addition, the

incidence of nonfatal reinfarctions decreased by 49% and of nonfatal stroke



By the term"hirudin" is intended hirudin fanily nmenbers isol at ed
fromtheir natural sources; reconbinant hirudin, produced by isolating a

_gene encoding a hirudin protein and i ntroduci ng the gene into
an appropriate vect or/ host system for production of hirudin;
and synthetic oligopeptides and 30 ~ peptidom netics derived from
hirudin having the anticoagulant activity of hi rudi n. There

are many in vitro and in vivo methods knowd2tn the art for
determ ning the anticoagulant activity of a particular hirudin. For

exanple, ~In vitro tests include (I) determ nations of inhibition
of platel et aggr n, | LSS A
hi rudin variant ( f{ée%h)‘ e’lrsheﬁcéggﬁpgdmo‘&fq’rm "?ajbpg d(dg %%%%gﬁ%g

t hr ombopl asti n tiwEstusioad)l {)e., 2% d&heASAneérsm% @b inth placebo), and only a
t hr ombi n-i nduced serotonin reI ase. and/or. thrag rat| n, and/or
(3) det er i nat i orRogst sk (9. g% &f"ElHP’bH’S‘Pﬁ‘F gn&im%g cet
chr onogeni ¢ subst cfobls SF NSb%e 6aRA9
(1993), 5, 246, 715{ &8'366%%832261;3}{160 |é 5, 2§’7 E%% (%993) @%ZA%Q

(1989), ahd 4, 801pdirets( m@@xymgmbomoms‘ism asidwell ancinudbese bot Teseiming 10

limted to, hlrud@i]0 gesulfato hirudin, (lle[err])-desulfato hirudin
HV1, y ﬁ desul fato hirudin Hv1, (A n[err])-desulfato

hirudin HVI, - (Prof[err])- desulfato hirudin HV1, (dnf[err],
Arg[err])-desul fat hlrudln Gln[err]

Arglerr])-desul f af PR G }or %'Gaﬁ[‘éﬂ‘ f AMIPaierts Arglerr])-desul fato

hi rudi n HVI, (des-Val[err], Thr[err]) desul fato hirudin HV1,
hi rudi n Hv2, (Lys[err]) hi rudin 15 HV2, and hirudin PA

The dosage of hirudin, Despitentharfactahatabieparinsis reidelyrused in 44, eyidepce for its
. net bepefits in patients receiving an adequate dose of ASA is sparse. In the
10 ISIS-2 trial, the effects of the thrombolytic agent, streptokinase, alone or in
combination with ASA, and ASA alone were compared against placebo in a
tv}o-by-two'factorial design. The trial provided conclusive evidence of the
beneficial effects of thrombolytic therapy with streptokinase, and of
antithrombotic therapy with ASA, with the benefits being largely additive
15 '~ (ISIS-2 Collaborative Group, Lancer ii:349-360 (1988))_. Furthermore, in
subgroup analyses, patients receiving heparin in addition to ASA were
exploratively compared with patients receiving only ASA. No increased

clinical benefit due to the additional use of ’heparin was demonstrable.
_ Other stud1es have suggested that heparin’ treatment might have
20 negative effects when used in combination with ASA. In ISIS-3 (ISIS-3
Collaborative Study Group, Lancet 339:753-7170 (1992)), 41,299 pat1ents were
treated with ASA, thrombolytic drugs (i.e., streptokinase, recombinant tissue
Plasminogen Acﬁvator (rt-PA), or anisoylated-plasminogen-streptokinase
activator complex (APSAC)), and either (1) subcutaneous heparin started four
25 hours after randomization or (2) no heparin. The daily dose of ASA was
162.5 mg. The 35-day mortality in the group treated with heparin (10.3%)
was similar to that of the group without heparin (10.6%). However, the
' inc;idence of probable cerebral hemorrhages or cerebral hemorrhages was

significantly higher in the group treated with heparin. The GISSI-2 study



according to different enbodi nents of the invention, as well as the age,

si ze and nedi cal condition of the patient. Thus, in one

enbodi nent, the dose of hi rudin does not vary over tinme and is
0.05 to 0.2 ny/ kg body wei ght/day, 20 ' preferably 0.1 to 015 ng/kg
body wei ght/day, and is adm nistered : I ntravenously. In a

rel ated enbodi nent, the dose of hirudin does not vary , over tine
and is 0.25 to 1.0 ng/ kg body weight/ 12 houl3; preferably about

0.5 ng/ kg body weight/12 hours, and is adm ni stered subcutaneously. In

anot her enbodi ment, an initial dose of hirudinis 0.2 to 0.4 ng/kg body 25

wei ght adm ni ster I nt rayenously i . bglus fol |l oned urrept infusion
of 0105 10 0. 2 nulKEPROAALRAR g Basrgic AFlEy deRaviiare M friete Reisarsios

ng/ kg body wei ght f gger 5368170, gbgo)e}l $ho@Ea0inIRRt Sesulll, I UGVétall S thidre T Wi oy
adm ni stered orally, and, in _therapeutic nodalities, is greferabl y. .

adni ni st er ed significant bepefjt withrrggard todeertality pottsa B per 4500 rincreasedn miski s

of AM has been ' continuing for up to about 3 to 6
mont hs after thengeger{?&q'l hgt%orrhage. ' By the term

patients ot under goi ngThe hGlutad| Wtiligatione af nSpéptokifase and Tissue PlisgiifiGgbn
t hose patients suffering from AM_for whom thronbol ytic thgaraaé1 S
not avail abl e dueACHVAAE 1o Skredlc Oepludsde Amtenigs éGHe%]Q‘éD Tkt tien FE8TOons

or , for : r Nye . j£a eadh Ndt [ h _
t hr ombol ytic ther:Etlri:))"[yaé‘é&ltt ﬁgglﬂ'gyéagu?zgrg? ﬁg%rﬁlt)?nﬁﬁe%qﬁ)g}&( E'=srt(1“rngery _
(e.g., organ bi opst;mn:((ljmt}mi‘ciagennf(i,e., streptokinase and otRPAY and tﬂeeidjlmsﬁ*'eé therap
serious trauma or cardi opul npnary resuscitatio wi.,t hj n 10 days,
(2) serious gastr&%ﬁ’_ﬁ"é‘éﬁd almtmeea%grﬂ%réa *%@@%ﬁt‘h%‘f‘?x 3’)“5‘ heparin in >
?'E_))st ory ofg hypert gRiskeGiho fdbkived!stiéBrokhRel Nl PatibRITEHRA £ sEHERRAFR6sAH

ASA. There was nq difference in benefit of heparin between the two modes
of 'administration, i.e., intr?.venously (I.V.) and subcutaneously (S.C.), as
adjunctive therapy to- streptokinase. The 30-day mortality in the group.
receiving heparin I.V. (7.4%) was comparable to that in the group receiving
15 ~ heparin S.C. (7.2%). Furthermore, there was no e\}idence for less refarction,
stroke, or bleeding with immediate 1.V. heparin.
Overall, the available data are inconclusive with regard to a net clinjcal
benefit of heparin in AMI patients treated with ASA (Ridker er al., Lancer -
_ 341:1574-1577 (1993); Fibrinolytic Therapies Trialists Collaborative Group,
20 Lancet 343:311-322 (1994)), whether or not the patients received thrombolytic
therapy.+ a | |

Use of Hirudin in AMI Patients Not Undergoing Thrombolysis

This invention relates to the use of hirudin in combination with ASA

in AMI patients not undergoing thrombolysis. Currently, more than 50% of

25 all AMI patients in the U.S.A. and a variable proportion of AMI patients in
Europe (from 30% in UK to about 60 to 70% in France) are not treated by
thrombolysis. The reasons for this can be, e.g., a long delay from onset of

symptoms to treatment, an .uncharacteristic ECG, old age, uncontrolled

hypertension, recent stroke, or gastroduodenal ulcer. For this patient group



previ ous cerebrovascul ar accident or active intracranial process) (Mjerus,

io P.W, et al., Chapter 55 in Goodman and G | man's The

Phar macol ogi cal Basi s of Therapeutics, 8th Ed., Perganon Press,
NY (1990)). Additionally, . patients may elect to not pursue

t hronbol ytic therapy for religious or other ~ personal reasons. By
the terns "thronbol ytic therapy" -and "thronbol ytic treatnent” is
meant the adm nistration of one or nore thrpgbol ytic agents to 15 a
patient in need thereof. Thronbolytic agents include, but are not |[imted
to, strept oki nase, urokinase, tissue Plasm nogen Activator
(t-PA or, when produced via reconbi nant  DNA technol ogy, rt-PA)

ani soyl at ed- Pl asnitagdgen shown that mortakigy, ias syed the incidencs, af winfarstipn and of
(APSAQ), - and the | Mﬁ'gﬁru&m s WV et : ' : t !
Goodman and G | rrar?ms??T%e ar rracﬂc?'}%\g?ncsalar%agll%heéf ﬂ%‘ % P e‘?rgd;?g%?l#gs,
8th Ed., Perganon tBoedolysidy (1990)). Acetylsalicylic Acid in
Patients .with Acute Myogardi al .I-nfa

. .1.0 . shown in

a large, doubl e-blind, ‘RS ILH eéf?&"‘b‘?%c‘@ﬁ'of‘é&f?‘g?‘fseﬂmm benefit o these
trial, the use of pagektyvicthe Pitial imetitatlodHPplaeibes eThéRadifdnal Yise of hirudin
reinfarctions and " . . . strokes in patients with acute nyocardi al
infarcti on (AM). "Gfetherinactivation ofthrgmbin is expectedeto sesltnia additienal set elinical
Study of Infarct ' ] Sk Ss f rmg@rgﬂ&p : : 1187
patents with AM %gftﬁé%k%%ﬁiﬁ?%dwgﬁﬁs&o t he c?rﬁsfgltnfac{?u%n;’rr%st %v%%}?a@o@er

dai ly treatnent wdlinichb2ofphicativhs. ASA reduced the 35-day nortality by 23 %

{nci dence of nonfatal rERhHE Poreel e catrou)e o liny el iR sorihlipdon
stroke 10 " of recombinant hirudin and ASA with differential antithrombdtic mode of
action seems to be sgperior to the combination of heparin and ASA or to ASA
alone. Recently it has been demonstrated ‘that adjunctive antithrombotic
therapy with recombinant hirudin in addition to thrombolysis with rt-PA or
streptokinase resulted ina higher incidence of early, complete and sustained
15 patency of the infarct-related coronary artery. In other clinical studies it was
demonétrat_ed that a higher incidence of early and compléte patency correlates
with a reduced mortality (Neuhaus ez al., J. Am. Coll. Cardiol. 21:418A
(1993); von Essen er al., Ann. Hematol. 68 (Suppl. [I):A43 (1994); Cannon
etal., J. Am. Coll. Cardiol. 23:993-1003 (1994)). In addition it has been
20 demonstrated that open vessels are unportant also for AMI patients not
undergoi_ﬁg thrombolysis (GUSTO Angiographic Inveétigators, N. Engl. J.
Med. 329?1615-1622 (1993); Vogt et al., J. Am. Coll. Cardiol. 21:1391-1395
(1993). | .
Currently, the need of improved therapy of AMI patients who cannot
25 be treated by thrombolysis has not been specifically addressed in preclinical
models, which only focused e.g., on reocclusions. No clinical study addresses

the question of how to improve treatment of MI patients with Q-wave
infarctions not treated by thrombolysis. The ongoing GUSTO-2b study
asses;ses the treatment of patients with non-Q wave myocardial infarction in
30 a subgroup of paﬁeni;s witﬁ-acutc coronary syndromes. This study will not

definitely answer the question of optimal treatment of patients with AMI not



by 46% There was no increase in major bleeds (defined as bl eeds.requiring
transfusions) (i.e., 31%wth ASA versus 33 % with placebo), and only a
nodest increase (0.6% of mnor bleeds (1SIS-2 Collaborative Goup, Lancer
i1:349-360 (1988)). The beneficial effects of ASA weré observed in AM 5
pati ents undergoing thronbolysis, as well "as in those not Teceiving

t hr onbol ysi s. Heparin and ASA for Treatnent of AM Patients
Despite the fact that heparin is widely usd@-in AM, evidence for its

net benefits in patients receiving an adequate dose of ASA is sparse. In
the 10 - " 1SIS-2 trial, the effects of the thronbol ytic agent,

st rept oki nase, al one or i . conbi nat..on with A and ASA al one
wer e conpar ed agéff‘a"srgo‘ﬂga@\g%b‘?lﬁs‘é’ as only a spec IMP&@W%%%W%?NH% gn.
The trial providggeg@nc! usive evidence of the beneficial effects
of thronbolytic therapy with streptokinase, and of

antithronbotic ther apyFroimt prefidiparyistudiesiwe deduseithat theicambinedgiseyof himidin ve

15 (1S1S-2 b ' L t i 349- 1.988) ) . .
Fur t her nor e,( in and%A?n Mh@&%ﬂ%ﬁéﬁgﬁgm ‘;ﬁfg? ﬁgﬂf‘@gﬁ@gelf\ﬂo éd‘ﬁ&?é?i n
in additipn to ASAIWREERt in a higher incRIAEDORIIPER! doréRiTRavEEelvd t h RAHItRAL S

receiving only ASA. No increased . clinical benefit due to the
addi'ti onal use ofSPReRBRJUS TRRerTHYAD 48 rthp| endogenous thrombolytic systegy (veill be

negative of 1 ect o Hnsaed e 18 RE NIt CHdaR0l afE YRRl compigaon of

Col | abor ati ve St ysltelet inhibitibarne dird&AhraRbin AahibitRiesultsdih, &9 @lipital bedesit wer e
treated with ASA,, thronbaql ytic drugs (i.e., streptokinase, reconbinant
ti ssue in' S48 Gafeis gt Rdetpaihe; Riimbae gement, |

ani soyl at ed- pl asm nogen- st r ept oki nase activator conpl ex
(APSAC)), and either (1) subcutaneous heparin started four 25 hour s
after random zation or (2) no hgparin. The daily dose of ASA was

162.5 ng. The 35-day nortality in the group treated with heparin (10.3%
was simlar to that of the group wi thout heparin (10.6% . However, the

i nci dence of probabl e cerebral henorrhages or cerebral henorrhages was
significantly higher in the group treated with heparin. The G SSI-2 study



- 13- - (Goppo Italiano per o Studio della Sopravivenza

.Nell"Infarto M cardico, Lancet 83:65-71 (1990)) showed siml ar
results. Overall, ther . No significant benefit with regard
to nnrtaM-ooo increase in risk of cerebral
henor r hage mmi“(\\\‘\im - The A obal Uilization of Streptokinase and
Ti ssue Pl a%\“\‘ w S *  Activator to Treat Cccluded Arteries
(GQUSTO-1) -tr+al® ('I"he QUSTO | nvestégators, N.__Engl. J. Md.

329: 673-682 (1993)) conpared different thro ¥ SHEEP HAR LHEEN

(ire., streptokinase and rt-PA) and the adjunctive t he apy REPLACED
i mredi ate intrave S | ayed subcut aneous therapy
t hose who recei ve%ﬂ%té&ﬂb@glsm | patients received a sufficient dose

of ASA. There was no difference in.benefit of heparin.between
t he two nodes of admnistration, i.e., intravenously (I.V.) and
subcut aneously (S.C. ), 12S A method of teelitinp o ipyevehlify adiite MyosdriRPirdkicigse-
The 30-day nortality in the group receiving heparin I.V. (7.4%

was conpar abl e t o 1t BARUPR qompriping theradministration of ASA and higydin, i n S C.
(7.29% . Furthernore, there was no evi-dence for. |less refarction,

stroke, or bleeding with imediate |.V. heparin. -

Overal |, the avail abl e Zat a Hreamethod of claém\le whierdin saigahSiA and said dirudin arecal

benefit of. heparin i{lmél\/l .f&ti en?g treated with ASA (R dker et al., Lancer
341: 1574- 1577 ( 199F*3E Y FOPES f¥ ™™ her apies Trialists Col | aborative G oup,

20 Lancet 343:311-322 (1994)), whether or not the patients received
t hronbol ytic . therapy. . Use of Hirudin in AM
Patients Not Under goi ng3-T-hr O%Wg:‘og of claim 1, wherein said ASA ang said hirudin are

together in a single unit dosage form.

" . ' .
4, The method of claim 1, wherein said patient is not being treated
with a thrombolytic agent.

10 5. The method of claim 1, wherein said hirudin is selected from
the group consisting of

()  hirudin variant HV1 having the formula

Val Val Tyr Thr Asp Cys Thr Glu Ser Gly
Gln Asn Leu Cys Leu Cys Glu Gly Ser Asn
15 Vval Cys Gly Gln Gly Asn Lys Cys Ile Leu
Gly Sexr Asp Gly Glu Lys -Asn Gln Cys Val
Thr Giy Glu Gly Thr Pro Lys Pro Gln Ser
His Asn Asp Gly A.sp Phe Glu Glu Ile Pro
20 1
Glu Glu Tyxr Leu Gln, -

wherein W represents the phenolic hydroxy group of Tyr
(desulfato hirudin HV1) or a group of the formula -O-SO,H
(hirudin HV1), -

This Sheet Has Been Replaced
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This invention relates to the use of hirudin in conbination with ASA
‘in AM patients not undergoing thronbolysis. Currently, nore than 50% of 25

all AM paWand a variabl e proportion of AM patients in
Eur ope (fr 61 N m\“ 60 to 70% in France) are not treated by

t hr onbol ysi s. r\m“ w&m‘ his can be, e.g., a long del ay from onset of
synptons to t an Emc'haracterlstlc ECG old ag THIS SHEL -
hypertensi on, recent stroke, or- gasftroduodelp’al ul cer. E ?rﬁ g@ge EEN

gr oup s : -

It has been shown that nortality rates and the incidence of reinfarction
and of ot her clini cal corrpl ications are higher than in patients

under goi ng t hr-o Y i v) the bmijIESENt it is
est abl i shed that ASA conf e?@ocl i nica gen It thgv esg 5 : patients

via the partial inactivation of pl atel ets. The addltlonal use of hirudin

with the inactivation_of thr ec ed t ddi.tio aI net
cl i ni cal beI(rilef‘hl "F‘ |)r§ﬁf>&ﬁ' 'hF On't% dr%l)r 4 ey

rei nfarctions, as wel lLeascynt Iaeu Gly Ser Asn val |csnacedy CoaElyCRén QRS. ch

The results of several_ trials raise the possibility that the conbination 10
of reconbinant hirudi FEnttAEN isFh et [Fer B G 25 CERTTOE FPRUEYY of
action s@ens to be supabi6ly rhrti® ABIhIreAE10 Beef nilePahi BnasL, ASH Be t O ASA
alone. Recently it has _been denonstrated that adjunctive antithrombotic o
“therapy with reconbi n& &4 Jde PronChydiiy & tieyt B¥bnbol ysis with rt-PA or

strept oki nase resulted in a higher incidence of early, conplete and
_sust ai ned ' ' L

and

© ’himdin variant PA having the formula

Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly Gln Asn Leu Cys

10 Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys
Ile Leu Gly Ser Gln Giy Lys Asp Asn Gln Cys Val Thr Gly
Glu Gly Thr Pro Lys éro Gln Ser His Asn Gln Gly Asp Phe
Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu,

6.  The method of claim 1, wherein said hirudin is selected from
15 ~ the group consisting of (Ue!?)-desulfato hirudin HV1, (Gly')-desulfato hirudin
HV1, (GIn"649) desulfato hirudin HV1, (Pro*)-desulfato hirudin HV1,
(Gln”, Arg*)-desulfato hirudin HV1, (Met’, Gln”, Arg*’)-desulfato hirudin.
HV1, (GIn¥, Gln*, Arg*")-desulfato hirudin HV1, (des-Val!, Thr?)-desulfato
hirudin HV1 and (Lys*)-hirudin HV2.

20 S N The method of claim 1, wherein a human or animal patient is
treated.

8.  The method of claim I, wherein said ASA is given orally.

9. . The method of claim 1, wherein said hirudin is administered -

tntravenously or subcutancously. 'I ais Sheet Has Been Replaced




15 pétency_of the infarct-related coronary artery. In ot her

clinical studies it was denonstrated that a higher incidence of
early and conpl ete patency correl ates with a reduced nortality
(Neuhaus et al., J. Am Coll. Cardiol. 21:418A (1993); von
Essen et al., Ann. Hemarol. 68 (Suppl. I1):A43 (1994); Cannon
et al., J. Am Coll. Cardiol. 23:993-1003 (1994)). In } n
20 dermonstrated that open vessels areig-nportant ALY, SHERT Hpyp BEEN
~ patients not under goi ng t hrombol ysi s (GUSTm REPLAGED ¢ |
" Investigators, N Engl. J. Med. 329:1615-1622 (1993); Vogt et

al., J. Am Coll. Cardigl. 21:1391-1395 . (1993)). L
Currently, the need of Qproderharmaseuticaleompasition FRRPESIRE A A thingin.

be treated by thronbol ysis has not been specifically addressed in

- preclinical nodel s, which only focused e.g., on reoccl usions.
No clinical study addre$kes The phannaceuncah&om;mstuann off chinv 10 additionadly
treatment of ML patients Wlthé?J g{ctlons not treated
by thronbol ysis. THMRFYEE R mﬂagpmncany acceptable E’ésses the
treatnment of patients with non-Q wave nyocardial infarction in a
subgroup of patients with acute coronary syndrones. This study w II not
definitely answer the qd2sti diieophasmiacemical compasition odf plaim eld,s whetein' Addd
not .

under goi ng thr o%o?%@“‘gﬁ%ﬁ?‘?p%s’g‘b‘bgf’ﬁ ‘&°ts°8851}%aﬁy(§‘?mﬂpé’§élcp%°}‘§ms are
assessed. From prelimnary studies we deduce that the
conbi ned use of hirudin and ASA in AM patients where treatnent
with thronbolysis i s notl3advilBgmommsition of claig 1P, whsrein spid hiruglin iseselected

Feper fuston vi ot hiE s mtE 2 fiine b A B, desyitytp hjppatit RABF4E hco
hirudin HV1, (Gly!)-desulfato hirudin HV1, (Gln’~*¢6%)-desulfato hirudin
HV1, (Pro%)-desulfato hirudin HV1, (GIn¥, Arg*)-desulfato hirudin HVI,
10 (Metd Gln?, Arg*"-desulfato hirudin HV1, (Gln¥, GIn*, Arg*’)-desulfato
- hirudin HV1, (des-Val!, Thré)-desulfato hirudin HV1, hirudin HV2, (Lys*")-
hlrudm HV2 and hirudin PA.
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increased by the use of hirudin. This innovative and original conbination

“of platelet inhibition and direct thronbin inhibition-results in
net clinical benefit in AM patients not undergoing thromnbol ytic
treat ment. -16- WHAT | S CLAI MED
IS 1. A use of a conposition containing ASA and hirudin for
-preparing a pharmaceutical conposition for treating or preventing acute
nyocardi al infarction in a subject in need_g. such treatnment, wherein said

hirudin is selected fromthe group consisting of (lle[err])-desulfato
hirudin HV1, (dy[err])-desulfato hirudin HV1, (A n[err])-desulfato hirudin
HV1, (Pro[err])-desulfato hirudin HV1, (An[err], Arg[err])- desulfato
hirudin HvV1, (Met[err], An[err], Arg[err])-desulfato hirudin HVL,

a , 4 , A - | fat o hi rudig HV1 - Val ,

Thr 2) desul fat o hi t udi Mekhod af Lrgaras heuts Mybsapgidl Tntaretfon

use of a conposition cont awithdhasdam Acttylsalicyliepheidhina

phar maceut i cal CO”DOSif ﬁ'én&?'lﬁ&f%ﬂéﬁﬁg& "Pﬁﬁﬂﬁﬂm UT-edtAfaritdi al
rei

infarction in a subject Tn need of such™treatnent, n said hirudinis
selected fromthe group consisting of (a) hi rudi n vari ant
. HV1 having the fornula Val%raﬁr Thr Asp Cys Thr G u Ser
Ay @ n-Asn Leu Cys Leu Cys u Ay Ser Asn

5 ' The invention relates to the discovery that the administration of the
combination of hirudin andl' Acetylsalicylic Acid (ASA) to patients not
undergoing treatment with any thrombolytic agent, inhibits e;nd/or prevents
myocardial or cardiovascular events in the patient. The invention further
relates to the pharfaceutical combination of a platelet inactivating drug,

10 aceiylsalicylic acid, and a direct thrombin inhibitor, hirudin, for the treatment
of patients with acute myocardial infarction who are not undergoing
thrombolysis. A .phamlaceutical. ‘composition comprising the synergistic
combination of hirudin and ASA, in the absence of any thrombolytic agent,
is particularly useful in- the therapeutic and 'prophylactic' methods of the_

15 invention.



A Qys Gy @n Gy Asn Lys Cys Ile Leu Ay Ser Asp d

Lys Asn Gd n Cys Val Thr Ay Qu Ay Thr -Pro Lys Pro G%QSM“ 3
H's Asn Asp Ay Asp Phe Qu Gu Ile Pro W |

Au du Tyr Leu dn, wher ei n Wrepr esents the phenolfﬂ-aﬁedce‘skce{'
hydroxy group of Tyr (desul fato -16-  hirudin HV1) or a group of the
formula -OS 1), (b) hi rudi n vari qpi, . HV2
havi ng the f%ﬁé{’i‘ﬁ%&ﬂﬁﬁbw -17- PLJ

Ile Thr Tyr Thr Asp Cys Thr Qu Ser Ay A@n Asn Leu Cys Leu Cys Qu

Gy Ser Asn Val Cys Gly Lys Ay Asn Lys Cys, Ile Leu Ay Ser Asn Gy

Lys Ay Asn G n Cfs ValA vs¢ ofpyeompositiomicontainingrySAppeyd hisudip far prepatag H s
Asn Asn G Y '?ﬁ)@laﬁﬂfceuucal coxgpgm%r?folrlu%at!p ﬁé)or%rgve%ﬁg-gx&te h%cgdﬂﬂ mfaﬁ:'ﬁgn

in a subject in need of such treatment, wherein said hirudin is selected from the
group consisting of (Ile**)-desulfato hirudin HV1, (Gly')-desulfato hirudin HV1,
(GIn"+8.6162)_desulfato hirudin HV1, (Pro%)-desulfato hirudin HV1, (Gln¥, Arg*’)-
desulfato hirudin HV1, (Met®, GIn¥, Arg*’)-desulfato hirudin HV1, (GIn?, GIn®*
Arg*")-desulfato hirudin HV1, (des-Val!, Thr?)-desulfato hirudin HV1 and (Lys*’)-
hirudin HV2.

2. A use of a composition containing ASA and hirudin for preparing
a pharmaceutical composition for treating or preventing acute myocardial infarction
in a subject in need of such treatment, wherein said hirudin is selected from the

group consisting of
(a)  hirudin variant HV1 having the formula

Val Val Tyr Thr Asp Cys Thr Glu Ser Gly
Gin Asn Leu Cys Leu Cys Glu Gly Ser Asn
Val Cys Gly GIn Gly Asn Lys Cys Ile Leu
Gly Ser Asp Gly Glu Lys Asn Gin Cys Val
Thr Gly Glu Gly Thr Pro Lys Pro GIn Ser
His Asn Asp Gly Asp Phe Glu Glu Ile Pro
'
Glu Glu '{‘yr Leu Gln,

wherein W represents the phenolic hydroxy group of Tyr (desulfato
~ hirudin HV1) or a group of the formula -O-SO,H (hirudin HV1),

()  hirudin variant HV2 having the formula

U
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K"(ﬂc) hi rudin variant PA having the fornula Ile Thr Tyr Thr Asp Cys

Thr Qu Ser Ay G n Asn Leu Cys Leu Cys Qu Ay Ser Asn Val Cys Ay
Lys Ay Asn Lys Cys Ile Leu Ay Ser An Ay Lys Asp Asn @ n Cys Val
Thr Ay Gu @y Thr Pro Lys Pro A n Ser Hs Asn An Gy Asp Phe
GuProlle Pro @u Asp Ala Tyr Asp d al7- - 3. The use of claim1
or 2, wherein said ASA and said hirudin are separate unit dosage forns.

4. The use of claim1l or 2, wherein said ASA and said hirudin are
together in a single unit dosage form 5. The use of claim1l or

2, wherein a thronbol t|c g I's. not used in the subject in need of such

treat ment . éép &vs dihg i Glp Sep Gly Glayfasibep €6e subj ect in

need of such treat t e use of
claiml or 2, wher erﬂléﬁ g I'S gl&bgﬁi g?glGly Lys Gly Astr Lys Cﬂ‘ _
Ile Leu Gly Ser Asn Gly Lys Gly Asn GIn Cys Val Thr Gly
Glu Gly Thr Pro Asn Pro Glu Ser His Asn Asn Gly Asp Phe

Glu Glu Ile Pro Glu G_lu Tyr Leu Gln,
and

()  hirudin variant PA having the formula

Ile Thr Tyr Thr Asp Cys Thr Glu Ser Gly GIn Asn Leu Cys
Leu Cys Glu Gly Ser Asn Val Cys Gly Lys Gly Asn Lys Cys
Ile Leu Gly Ser Gln Gly Lys Asp Asn Gln Cys Val Thr Gly
Glu Gly Thr Pro Lys Pro GIn Ser His Asn Gln Gly Asp Phe
Glu Pro Ile Pro Glu Asp Ala Tyr Asp Glu.

3. The use of claim 1 or 2, wherein said ASA and said hirudin are
separate unit dosage forms.

4, The use of claim l_or 2, wherein said ASA and said hirudin are

together in a single unit dosage form.

5. The use of claim 1 or 2, wherein a thrombolytic agent is not used

in the subject in need of such treatment.

6. The use of claim 1 or 2, wherein the subject in need of such

treatment is a human or animal.

7. The use of claim 1 or 2, wherein said ASA is given ora
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~, ~18- 8. The use of claim1 or 2, wherein said hirudin is
adm ni stered intravenously or subcutaneously. 9. A
phar maceuti cal composition conprising ASA and hirudin, wherein said hirudin
is selected fromthe group consisting of hirudin HV1l, desulfato hirudin,
(I'le[err])-desul fato hirudi nHV1, ((Hny?r])-desulfato hi rudin HVI ,
(Anferr])- desulfato hirudin HV1, (Prof[err])-desulfato hirudin HV1
(An[err], Arg[err])-desulfato hirudin HV1, (Met[err], G@n[err],
Arglerr])-desulfato hirudin HV1, (Gn[err], An[err], Arg[err])- desulfato
hirudin HV1, (des-Val[err], Thrég;r])-desulfato_hiyudin Hy1l, Hirudin Hv2,
(Lys[err])- hi rudi 8 Hv2Thewse pf elatm d gu2, wherein said hirpdmn is sdmunisigtefaceut i cal
conposition of claim9 It y conprising one or nore pharmaceutically
accept abl e c‘é‘iﬁa?’%t}oélmy ora&%hﬁéaﬂéb%%_ " The pharnaceutical conposition of
claim 9, wherei.n said pharnmaceutical conposition does not contain any
t hronbol ytic agengs.

A pharmaceutical composition comprising ASA and hirudin, wherein
said hirudin is selected from the group consisting of hirudin HV1, desulfato
hirudin, (Ile'?)-desulfato hirudin HV1, (Gly')-desulfato hirudin HV1, (GIn’7-58:61.62).
desulfato hirudin HV1, (Pro%)-desulfato h_irhdin HV1, (Gln¥, Arg*’)-desulfato |
hirudin HV1, (Met®, GIn?, Arg*")-desulfato hirudin HV1, (Gln¥, GIn*, Arg*)-
desulfato hirudin HV1, (des-Val', Thr?)-desulfato hirudin HV1, Hirudin HV2,
(Lys*)-hirudin HV2, and hirudin PA.

10.  The phamiaceutical composition of claim 9 additionally comprising

one or more pharmaceutically acceptable carriers.

11. The pharmaceutical composition of claim 9, wherein said

pharmaceutical composition does not contain any thrombolytic agents.
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