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TOXICI TY IN VIVO Rel ated Appl i cgﬂ,mmmm’,mmappl i cation claims the benefit

of provi si Qiadaeddepé | cation seri 0/ 282, 621 fil eflePAédalhiiddr 2001,
t he di sclosure of which is incorporated by reference hereininits

entirety. 5 Field of the Invention The present invention concerns nethods
of . reducing organ cytotoxicity such as pulnonary toxicity in a subject:
bei ng adm ni stered a cytotoxic agent summm neeat | neopl astic agent. 10
Background of the Invention Erythropoie mmm”mmm a gl ycoprotein produced
in the kidney, and is the principal hornmorgqgsponsible for stimulating
red bl ood cell production} (erythrogenesis). EPO stinulates the division
and differentiation of conmtted erythroid progenitors in the 15 bone

marrow. Normal plasnma erythropoietin levels range fromO0.01 to 0.03
Units/mL, and can increase ERYTHROPOIETIN AMELAORATES i ng hypoxia or

anem a. G aber and Kra R : ;;ﬁ%:hbach and
Adanson, Kidney Intl. %%Mpf@@%w&ﬁ‘é%@ﬁ%ﬁ"@%ﬁﬁ% yt hropoi etin
(rHuEpo or epoetin alfa) is commercially available as Epogen(r) (Angen
Inc., Thousand QGaks, CA) and as Prggr%t(ri Q.tho Biotech Inc., 20 Raritan,
NJ). EPOis frequently used to in 1 ocrit of cancer patients
who become anem cThigeppiesticH cliiR@itle KinSRATProisiBRC apptieativn seriflafumbal W t h
chenot herapeutic drugs. EPO is indicated for_ treatnent of ‘?Qem' a, including

aneni as 60/282,621 filed April 9, 2001, the disclosure of which is incorporated by reference
herein in its entirety.
5
Field of the Invention
The present invention concerns methods of réducing organ cytotoxicity such
as pulmonary toxicity in a subject being administered a cytotoxic agent such as an
antineoplastic agent.
10

Background of the Invention
Erythropoietin (EPO) is a glycoprotein produced in the kidney, and is the

principal hormone respc;nsible for stimulating red blood cell productim‘; (erythrogenesis).
EPO stimulates the division and differentiation of committed eryt_hroidi‘ progenitors in th__? -'.

15 bone marrow. Normal plasma eryt‘luopoietin levels range from 0.01 to 0.03 Units/mL,
and can increase up to 100 to 1,000-fold during hypoxia or anemia. Graber and Krantz,
Ann. Rev. Med. 29:51 (1978); Eschbach and Adamson, Kidney Intl. 28:1 (1985).
Recombinant human erythropoietin (tHuEpo or epoetin alfa) is commercially available
as Epogen® (Amgen Inc., Thousand Oaks, CA) and as Procrit® (Ortho Biotech Inc.,

20  Raritan, NJ). EPO is frequently used to increase the hematocrit of cancer patients who

. become anemic because of their disease or because of treatment with

cherriotherapeutic drugs. EPOis indicated for treatment of anerhia,' including anemias
associated with cancer chemotherapy, chronic renal failure, malignancies, adult and
juvenile rheumatoid arthritis, disorders of haemoglobin synthesis, prematurity, and

25  zidovudine treatment of HIV infection.



associated wth cancer chenotherapy, chronic renal failure, malignancies,
adult and juvenile rheumatoid arthritis, disorders of haenogl obin
synthesis, prematurity, and 25 zidovudine treatnent of HV infection. 1 WO
02/ 080676 Ws-d2/486¥3/ 11081 Pul nonary fibrosis is the nobst @eornsoR/11081

mani f estati on of pulnonary toxicity seen w th chenotherapeutic drugs.

Pul nonary fibrosis is a pathol ogic deposition of polynerized fibrinin the
dinterstitial spacgs.. .l Ie : | ol s el S
inder st ood but ; (EREolg ABHGRIS B RIS RaierdiBn BEbUERER Rty 01
resul ting freeheithehemethtapariogens Rulagaat fibroilstit e pathologi doprsitiondénage has
been associated w th. nmany antineopl asti g agents, .bl eomcin | t rosour eas,
m t onyci n, M%Fl?%ﬁq,rhbé'lnég the Wtﬁ{sBFﬁéB?&cﬁiﬁ pg?‘?dserﬂ?{h%ﬁs@%ﬁyés g&e t he

chenot her apegnifleteBamnidersitoa but if iseuER skoh AIBOEINBIXE O dMrédic inflagniation Ci ty.
Thus, there is a need for new ways to reduce organ toxicity oci at ed

S
with admihi stesalting Frony exaonye i9resegeaougyagents. Althoyghwuingongry damaes ﬁ%ﬁ £% on
According to | fanfilSni ESRiht | PIVRIN G RitrdsBEredd, SERYcihhvention is
a nmethod ofasrge %g‘?ﬁgtﬂg?aél r?nt%)%gpmgty |}rlls’aﬁisﬁg5} ec’t”f)ei ns adm nlglster ed a
cyt ot oxi ¢ ageusnlfan, take Crntenioukio drapd nusithmgres atn exerthe chempthampenicagsnt mestai t h t he
cytotoxic aggnt 15 eryt.hr h et | : ; €, ' " bei ng
admi ni st er edE’Fchueﬁ yﬁ%ﬁlﬁrtegag%ﬁ %Ig%%lgﬁgoﬁde}’dﬁg%q%%égeﬁ gﬁ%‘%%"’? {/sltg gﬁlsg g% by the
cyt ot oxi ¢ agerghn toklitycassoatated witlagiamhistration dfia oytedi@dgenadni ni stered in an
anount intended to achieve its therapeutic effect, such as an
ant i neopl1 stic anount of an antineopl astic agent. According to enbodi nents

of the present invention, organSuingha?® of fiedn@éntivn 20 protected by the
met hods of the present, inventiQn Inc e liver, brain, kidneys, and |ungs,
with the lungs bePREPTEEELS %P%WW%PE‘HEPW@%W InveptioR, dieRgesert ! Yantipr 1 2

enbodi ment s gl R rPddRISHB ordaR ¥Rty 2 slibiectMRIdgRARIiAElH & cyR@Rtaghit, One t hat
is cytotoxic to the lungs of the Subject’. According to particul ar

embodi nent s, thelmethod ¢owmpsingsoneursegdy administgringrithihe eytetoxicagery nj tr osour ea,
an al kyl ,sul { . ' Walott i : bsthre iR t

epi podoplliil of'&%ﬁh&lg‘ﬁlc nt é%ﬂ%ﬁ%@’gl&f)dﬁc\cgpgﬁed%%@i , or ggr?%io%%t i ons

t her eof Accoeffeatiyetoresiticd drgat toricitp rbwed bethesytotoxihagept: dbeeitotpreeganton, the
pr esent

is, in general, administered in an amount intended to achieve its therapeutic effect,
such as an antineoplastic amount of an antineoplastic agent.
According to embodiments of the present invention, organs to be treated or
20  protected By the methods of the present invention include liver, brain, kidneys, and
lungs, with the lungs being particularly preferred. | | . '
According to ‘other embodiments of the present invention, the antineoplastic
agent is one that is cytotoxic to the lungs of the subject.
According to particular embodiments, the antineoplastic agent is an antibiotic,
25  anitrosourea, an alkyl sulfonate, a cytodine analog, a vinca alkaloid, an
epipodophylotoxin, an interleukin, a folic acid analog, or combinations thereof.
According to still other embodiments of the present invention, the present
invention includes the use of an active agent as described above for the manufacture -
of a medicament for carryinglout amethod as desérib'ed above. |
30 The foregoing and other embodiments and aspects of the present invention are

explained in greater detail in the drawings herein and the specification set forth below.



I nvention, includes the use of an active agent as descri bed above for the
manuf acture of a nedi canent for carrying out a nethod as descri bed above.
30 The foregoing and ot her enbodi nents and aspects of the present invention
are expl aimgdrésos7gr eater detail in the drawi ngs herein ardTiube/11081
specification set forth below 2 WD 02/080676 PCT/US02/ 11081 Bri ef
Description of the Drawings Figure 1 illustrates the effect of EPO and
. bl eomycin on pul monary functigq. o’ t two weeks; and Figure
2 illustrates the effect of E e"i‘“ tlon'i Bravt'lgs nary function 5
after treatnent foFigheel illesthates tHaedffecl efIEPD 20d ibbdohmyninadn pubaoiry fiextied
Enbodi nents Su J ects to.be %tlﬂr‘:ﬁeak(sed y the nethod of the present inventi.on

i ncl ude bot h HEfmEF2meREfor e®y., dog, cat, cow, horse) subjects, and

are preferably manpgphieD iBesdats e effebOof BPO%RE blr@h@bm, orl fEmahy Mistio@t i on
of at |east one conpound concurrently with at |east one second conpound
means t hat3 t hefter dieparant for 0w Wwagks- ni st ered closely enough in time that the
presence of one alters the biological effects of the other. The at | east
two conpounds may be adm ni ster ed si mul taneousl y or sequent ially.
Sequential adni ni str at iRetaited| Bas 50 ‘ enihds effective to
reduce chenot her ap or to
o roduction of th% bﬁ&tté tp%%g&c& %ghte%oggftﬁe B{ei«‘éﬁ?{%&n‘ﬁ%m Er{cﬁlﬁé H&Hhmﬂ{lﬂ
chenot her apy - aritbinixasl (&. gxd@g,bm,w aomse) subjécty hndoare prefensbly matmnalmtsub;eatsan of at

| east one_cyt ot oxi ot oXl. t ot oxi c ents | ch maybe
used in céﬁj unct i o%‘ \‘l‘?e?i%ef% Mﬁ%ﬁﬁ%h&?i n%?°énp°|'“?'fla Eﬁuﬂca\fh“’&h at

aﬂtl nteﬁm asti {éaﬁ@ﬁ@&é@om&’%nhtﬁﬂdd Medr ithat ﬂm%&ﬁnf;ﬁmﬂs &?a@ﬂibjtsmnl | ho’sﬁy lbfough
chenot herapeutic agent refers to a i ¢ referentia

neopl astic cedtimgha b‘i‘%?‘iﬁ’ﬁm? H}é’nﬁéﬁ?rs&‘?@%"@gﬂﬁal %&S&f@* © QHhgT- ﬁ‘@?ﬁ?ﬁ“ﬁﬁw’cel | s,
used t her apeutdpdunis mﬁ?b@ﬁcﬁfﬁﬁﬁ{ere@rsuﬁ%%ﬁsl% Bxeseq&@wslly Fequaen! astic celIs.
As used herein, chenotherapy includes treatinment with a single

chenot her apeusdrainisiatign @kwmamn@vewfﬁevp@wdmffe&@eﬁp geducq WE@O@E‘BE’BeCt in
d of t t t t
neea of thsa gﬁlﬁ&cd tgﬂ‘é‘iﬁ’ﬁs\?\aﬁeﬁrﬁ% \{’]EB&’ et neolé)cf]ﬁg odtictith &‘iﬁ%@ﬁ?&m eht! Gt MeN

or radiation era stic treat alities.
Ant i neopl asti as ag&nWSnntmﬂducbechbmcxhaamemdmaﬂIthldmy(amretsnit offpoeveouski | I ed in the

art . Bxeml ary, a0t ReoR #RL6nP0RE: bRl ude: but are not limted to

Cytotoxic Agents. Cytotoxic agents which may be used in conjunction with the
present invention are, in general, antineoplastic agents. As used herein, the term
20 antmeoplastlc or chemotherapeutic agent refers to agents which preferentiaily kill
neoplastlc cells or disrupt the cell cycle of rapidly prohferaurlg cells, used therapeutlcally o
to prevent or reduce the growth of neoplastic cells. As used herein, chemotherapy |
includes treatment with a single chemotherapeutic agent or with a combination of agents.
In a subject in need of treatment, chemotherap'y may be combined with surgical
25  treatment or radiation therapy, or with other antineoplastic treatment modalities.
Antineoplastic agents include those generally known to those skilled in the art.
Exemplary antineoplastic agents include, but are not limited to, vinca alkaloids,
epipodophyllotoxins, anthracycline antibiotics, actinomycin D, plicamycin, puromycin, _
gramicidin D, paclitaxel (Taxol®,' Bristol Myers Squibb), colchicine, cytochalasin B, -
30 emetine, maytansine, amsacrine (or "mAMSA"), and nitrosoureas. The vinca alkaloid

class is described in Goodman and Gilman's The Pharmacological Basis of Therapeutics,
1277-1280 (7th ed. 1985) (hereafter "Goodman and Gilman"). Exemplary vinca

3




epi podophyl | ot oxi ns, anthracycline antibiotics, actinonycin D, plicanycin,
puronycin, gramcidin D, paclitaxel (Taxol(r), Bristol Mers Squibb),
col chicine, cytochalasin B, 30 enetine, maytansine, anmsacrine (or "mAVSA"),
and nitrosovpoemesecehe vinca al kaloid class is described ipor/@Gseviness and
G Il man's The Pharnmacol ogi cal Basis of Therapeutics, 1277-1280 (7th ed.
1985) (hereafter "Goodman and G I nman"). Exenplary vinca 3 WD 02/ 080676
. PCT/ US02/ 1108 l. . { r I ne,

Vi bl asti ne. - ENBlolR e, bRStAlE iy b Bhstrlinte VUThARE hPuinpdsRE RS {12, |
Goodman and Geﬂnpnduphyhlqw:an albsshiweﬂlﬁah Godﬁnmn'phchﬁymaplsmdapmo-ﬂmlom ns
i ncl ude, but %re | i m.t ortho and

TH&

t eni posi de. r?WéPﬁ&ggtgﬁ‘f‘f’ wl@ﬁq,but(ﬁr%xgo& ‘&’g éﬂ@s@?‘?%@ﬂ i n8"(300dman

and G | man, sgRhequiriond 2Ba+ ide. EXQ ARthRdC claqehmm&mia»sm dadetibdaii@t i Cs
i ncl ude, but are not limted to, daunorubicin, doxorubicin, mtoxantraone,

and bi sanfhr &98¢ mmdr@#kpémﬁuﬂm a1 2831285 IW@&B‘(@HWW anfibiotigescri bed i n
Coodman and ﬁc \%nout Iﬁfb'émgﬂnﬂftedltg% ci %&k Wﬁ' Ritox3h&%n€3hd ed

m t hr amyci n, scr man an supra at '1287-1288.
Ni t r osour eas bm@mthmae Actinomyeindyalsp pﬁﬁeﬂmcnr@mymo, is dergebadrie Gpeinng]and

Wers Squi bb) Ot AP 2 1ot ety bR RGO G Pitblemly il vl 2

chenot her apeuﬂoodmgmaﬁds(}mnmi uﬂjfm abl287-4288. NNitrodoiuread mciuda)butcaresmt Binited to,

Wers Squiiih) omaiae %ﬁ@%@%m@ﬂwﬂ s‘?‘él'eb&‘«r?{? o GaRBIBICNIET o ne
(Hexal en(r), WWrsiol My @&ﬁusuhél\ﬁx&h%b\@tﬁ% stRbrbae (Cytoxan(r),

Bristol Myers Squi b busu fan axoSm t hKl i ne ; cytarabi ne,
such as ara-C, int él@nalrvhgnothmpeumm@ts inshode.dut avp petdiamited fo, SigNFH st er i ng

chenot her apeu g r C

would be. knowdt E5 8Bt EE BRI iRl [rdf BB b AR ST 1
used, chenot hetfitpeiin GOAGRYHED Brish? MyariSquidb) tlettaminer(Hexxten®, €,S.by i nj ection
(int ravenousl I ntrapuscul arly, int racperl forieall subcut anegusl y,

i nt rat hecdP, g\‘?ﬁ%@!‘iéﬁr&c ) eystaphRIpbynide § y&xaa%wsw%w&&bl PERHEY As used

her ei n, human LMW | “ﬁﬁg t A 1 y occurring
human eryt hr O[Sjoi!lieifl ng yg%%go el n as&‘aﬁbﬁn a%cgg%%ﬁb@%%eﬁ aﬁgr&rhaér?h 25
eryt hr opoi et i meflidtkekgte. or epoetin alfa, available comrercially as Epogen(r)

(Anmgen

Methods of administering chemotherapeutic drugs vary depending upon the
specific agent used, as would be known to one skilled in the art. Depending upon the
20 agent used, chemotherapeutlc agents may be adnnmstered for example, by i m] ection
(mtravenously, mtrarnuscularly, m(raperrtoneally, subcutaneously, mtrathecal
intratumor, intrapleural) or orally.
Erythropoletin. As used herein, human erythropoietin (EPO) refers to both the
naturally occurring human erythropoietin glycoprotein as well as recombinant human
25  erythropoietin (fHHuEpo or epoetin alfa, available commercially as Epogen® (Amgen
Inc., Thousand Oaks, CA) and as Procrit® (Ortho Biotech Inc., Raﬁtan, NI)). Peptide
analogs of EPO may also be used in the methods of the present invention. Asused
herein, peptide analogs are those éompounds_which, while not having amino acid
sequences identical to that of EPO, have a similar three-dimensional structure. In protéin
30 molecules which interact with a receptor, the interaction takes place at the surface-
accessible sites in a stable three-dimensional molecule. By arranging the critical binding

site residues in an appropriate conformation, peptides which mimic the essential surface
4



Inc., Thousand Gaks, CA) and as Procrit(r) (Otho Biotech Inc., Raritan,
NJ)). Peptide analogs of EPO nay al so be used in the nethods of the
present invention. As used herein, peptide anal ogs are those conpounds.
whi ch, whi @g pfRéseéy@Vvi Ng am no aci d sequences identical top¢faseAlesgPO have
a simlar three-dinmensional structure. In protein 30 nolecul es which
interact with a receptor, the interaction takes place at the surface
.accessible siites in abl e three-di,mensional . nol,ecul.e.- By arranging the
rittcal bi nclergre Bf BRO PRk RBoR AL BRTAS Pra SR G b Biee YL e
whi ch m m c thRwesedniguad. & thofeagle whith Y3 LA Q6xi6n WITT £ds6iidlltheSdmd eat ur es
of EPO bi ndi ng ge‘gi ons %ngy be .desi gned and qgynt hesi zed in accordance with
known t echni qiglecuiar tapalogy i delinding sHdace af KB malt be phlglognimiy e inderaclian al | y
the same 1ol goas@fyith RAMRSbcdior! MeHBENGE @aeﬁmﬁgﬁﬁ@é thFRQiérslonkle able to-
of EPO ptor. Methods f

mmoc the interaction wth the EPO rece t hods for

det er m ni ny p@peiurandanalogutherelogiedmarn,and aregemettraesaaldedd nationd drugivdgsign o ar e

known, and ar b cal ] ' I ' '« See,
oo S pulRRRY S A S PPl I S AR, O PRERIY. B3Rr6e 57,
Nestor; U.S. ted{sstor; (NS. PderBB8, 498,870 tdRantodibneg hiS. Pate: Nd#t868,85No. Bldlp863, 857
to Blalock ( Licants. cifical L.ntend t he di scl osur.es of all

U.S. patents @B’F‘éc tﬁé?egfif?gﬁ%mteflg%{%%élﬁfﬁ%sareﬁﬁpﬁtp‘?r RAiEdS ‘f"ﬁ&)ﬁ?{gfl Centirety).
10 Pepti des whnt&Poratettibe réftrendziiptheiyiestizbtyact i vity of erythropoietin (EPO
receptor @eptide ﬂ)ép%and@é may e E’UQS‘%&‘{%} uted for EPO.in @gg met hods of the
present i fenti on. & th‘@ﬁ’é‘&ﬂ'ﬁ 1 xRty feeytigpoiptiFEOIRIEPYF agnent s
of the full-I spatédriER)RAGIRIsIsBRAYSEID inthd HAhsdsE IR PR ifvepmabl e of
binding to and activating the EPO receptor. Additionally, ge tides with

sequences di sEReserasnce of suszpepsifespimy repsgseet fiagmpents efthe fillleeeth EPGrpraieils of t he
present invengd. | Wpr b ' vi.ty of

EPO. Wi ght ong ?agf’mrﬁéetgﬁor 1.aﬁe | gg%ﬁso ffﬂdgltnfééélggdn%hg%@glg%? grc?l%%é }/dé'n of

smal | pept i deddditienallyjpeptides withsequandes distimilartie thet ot BRCopay g ytilized ipdlegpt or on
the surfagg o C - . h e L des’ ! . not
imitar © 8 naeBieas Fadcnfbol e shokeBRES OER wrtORBRERINA 8075 4o
(26 July 1996FPO. Whrigheone pl regert dgddentfication smdrehanaatmati@dofisynal pdptidestthato 20

aci d disul fidge-bonded cyelic tide with an jdentified mnj cQnsensus
sequence. Th@ngfﬂi@taﬁ‘i’é?‘?#‘e 5’9@89?&%&“8?1’“&?8 a é)ﬁqréeg] °ﬂ13;qﬂ.i$f’ ith the
eryt hropoi et fhe pegitRIe' Sdqueisices 88 @bt sifithr Rythé pvah s@fuede-of EBOI (WHghtod 6841464 (26

July 1996). EPO used accaordi n%l to the methods of the present invention may
be Science 273:458 (26 July 1996)). These peptide agonists are represented by a 14-amino

20  acid disulfide-bonded cyclic peptide with an identified minimum consensus sequence.
‘The structure of a com;?le;ci of one such peptide mimetic with the erythropoietin recépioi‘
is described by Livnah et al., Science 273:464 (26 July 1996).
EPO used according to the methods of the present invention may be

administered by any suitable means, as would be apparent fo one skilled in the art. EPO

25 may be administered systemically (e.g., intravenously) or locally (e.g., injected into a
tumor, tissues immediately surrounding a tumor, or into an anatomic compartmént
containing a tumor). Where a chemotherapeutic agent is delivered systemically, for
example, an endothelial-protecting amount of EPO may be administered systemically by
intravenous injection. | ' o

30 The dosage and timing of EPO administration used in conjunction with a
chemotherapeutic agent will similarly depend upon the desired effect. The present

inventors have discovered that depending upon the timing of EPO administration

5



adm ni stered by any suitable nmeans, as woul d be apparent to one skilled in
the art. EPO 25 nay be adm nistered systemcally (e.g., intravenously) or
locally (e.g., injected into a tunor, tissues i mediately surrounding a
tunor, or ihey@dsRNatonm c conpartnent containing a tunoperu¥iifiea
chenot herapeutic agent is delivered systemcally, for exanple, an

endot hel i al -protecting anount of EPO maybe adm ni stered system cally by

_intravenous inj.ection. 30 The dosage and, tim ng of O .admi nj stration used -,
in conjuncti 0241W¥%e%u8‘19 PHreta F’E‘“Bﬁré?ﬂmaﬁef‘t 5&1‘?‘54&%}3 d fhen g upon
the desired efdhagt of BIE, BRE&MRE profelty BRlAdctheitmSrow fhe @MRvtRGhhitiaig efe@endi ng
upon the timng of EPO adm nistration 5 WO 02/ 080676 PCT/ US02 /11081

(si mul t aneous ohphemothseapeitc, agents, of enbancen bisrdnthelipleew intyiten semHi st r at i on)
and the doSagfeindrbfduiCiidn! {0l bPAALRALS tolPaan Hi'akhiwitd Qe |

growt h-inhi biting effects ~ of chenotherapeutic agents, or enhances ’tF\e
endot hel i al5 grbywuting expebimenbiation; therosage nd tohiegof FRO ageinisirationge pergunction wi | |

be apparent toq.those.skilled.in the art. howto te , 5 by routine
experinentati o f"%ﬂ?@“’& §‘élbeg‘°gf?&apfmﬁaﬁa’tt&acﬁs %%%Fﬁ#s erig{zjit i on in conjunction
with a particul ar Themkinemapaointof BROMiat tan weoddndrnietetedde singledr efuftipdd . The
maxi mrum anount, of EPO that can.b dm ni_ster ' i e or | tipl doses
has not been AdREENAT PR ?e“[ﬁf‘é"é?”_%ﬁ%- S?Scf’fﬂ)%gg%{}l’gsl%}qg?metﬁ&%‘g"FeSE? our
weeks have bagie wudiiiaBinfiliféred witholokic dfRetscuetd EROStsélBEEcBbARE@ alt, sl T .
Eschbach et al., in: 10 Prevention of Chronic Uema (Friedman et al.,

eds.), Fiel0d daeventbesiofGhronic UremiadBrasdmenst alpsds hKildaul Weolw. suitabl e
dosages may r?&%-g%eﬁﬂ*%{%ggﬂé}{%iliﬁ?g Sﬁﬁtablé@@sag%yr%a;); :I%ﬁ%e #bh Q868N {¢Jokg) to

about 200, 1, rmaceuti c muf ati ons. The active
conpounds desci0D Binits perdsilograny (Uke) tb ebauti2eR, 0P or 280kt ration in a

phar maceuti cal carrg | | ; | heb: 0.,
Rem ngt on, The Sci g A’?é"‘}};%g?’é?%?'?@g‘%gy grgan%\(lz@m(pé? %&S%E%ggg?qveﬁﬁ?'tbﬁe
manuf act ur e offomnybated fomaéministatiod mvaphaatdcenticabaamietiimgcdondantewith knav i on,
the active co und (incl udi .t he 1.0l ogi | y.ac tabl e, salts

her oot ) |11t IRBERR Shemty dptipen. Tt st dng Prach BREERIROPECIRA Doy The
carrier nust, 1995).%Ufe&ﬁanub@tt&@ﬁﬂ@%lﬁhh&eﬁﬁbal hemaRH6E abrdigd ogheconpat i bl e
wi th any ot her, ingredi ents in 20 t

e formyl ati gn and_ nust n@t lfe
del eterious tdnYeRBEopARs e corpeovad (ineludmerdhp phusiglogispliyaccgptatie falgui d, or
both, and is ph&bsy AlMcdirditiaddsmnvidsy AbeartRERRIEcARed ThHechrigOmest,

of course, be acceptable in the sense of being compatible with any other ingredients in

20  the formulation and must not be deleterious to the patient. The carrier may be a solid
ora Hqui_gli, or both, and is prefefabiy forinulated with the compoﬁﬁd ‘as a unit-dose
formuiation, for example, a tablet, which may contain from 0.01 or 0.5% to 95% or
99% by weight of the active compound. One or more active compounds may be
incorporated in the formulations of the invention, which may be prepared by any of

25  the well known techniques of pharmacy consisting essentially of admixing the
components, optionally including one or more accessory ingredients.

The formulations of the invention include those suitable for oral, rectal,
topical, buccal (e.g., sub-lingual), vaginal, parenteral (¢e.g., subcutaneous,
intramuscular, intradermal, or intravénous), topical (i.e., both skin and mucosal

30 surfaces, including airway surfaces) and transdermal administration, although the

most suitable route in any given case will depend on the nature and severity of the




formul ation, for exanple, a tablet, which may contain fromO0.01 or 0.5%to
95% or 99% by wei ght of the active conpound. One or nore active conpounds
may be incorporated in the fornulations of the invention, which may be
prepared byy@ovsir625 the wel | known techni ques of phar magyr/esmaiesi i ng
essentially of adm xing the conponents, optionally including one or nore
accessory ingredients. The fornulations of the invention include those

suitable.for oral, rectal, topical, buccal.(e.qg., sub-lingual) vagl nal -,
parenteral . (ecgldltlmll& tamed@d on fhetnetrs efdhe particylanackivresamgound;phich is™

i ntravenous), By egll (i.e., both skin and nmucosal 30 surfaces, including
ai rway surfaces@ and transdernmal adm ni stration, although the nopst

suitabl e route in Hoymdatioms suiteble foi drhl admildstchtionmdyéwerpmsaned ardisceteverity of

the 6 WD 02/ 080676 PCT/USO diti t ted t
of et he parti cHPip Sueh3s éps&%' %&?‘F&s gﬁ?nq’ghs,!og?abgeg re i angée?%ngg narure

suitable fer @h@hnt%i@hdﬁcﬁbé@dmmnwagew@é@?@fﬁrﬁﬁsIa@adblﬁﬂbx&bﬂ units, such
as capsul es, cachets, | ozenges, or tablets,, each COﬂt ai ni nggwat%rede{ erm ned

5 amount of t FeSPARYIPR/8 AGATROUR BF noRAqHeqys HARIL; ofras gp qHtinwter 5Bt i on or
a suspensi on 'e&uﬁ%@%%ﬁmraueﬁmw bsardd W,su@iblé‘ﬁemed 6f phrairhacyat er  or
water-in-oil enmulsion. Such fornulations may prepared by any suitable
met hod of phamhighyinclifisdhe stercofhraginginto stsepiatinm ‘le Pﬁg’eﬁgmpﬁ%‘ 28ddoci ati on
the active co ( { Aifdtegne or nore
accessory mgrlgiérlg&IB ?@%é@%ugﬁyda&%ghg go\%&ﬁgrne awgér?e&gwgdﬁlgﬂforrml ations of

t he i nventlioon ahmee) phegenemt] tlm)/foumlatmnnbf/thamd/enmm arﬂrateealyd by noifarmdy ande acti ve

conmpound with u v lid ¢ d t hen,
i f necessary, 1@ %égwﬁ‘éngtégﬁft{veﬁ"“ g‘ IE%LPQ g‘fﬁ)’(dwﬁredg&tg may be
prepared by mgwmaidrtgenlnfneeésdamh GhepimOwe egsultihg gaidmed. efsaremm;ga,lanabgett he
active conpound, .option with one or, nore accesso redi e

Conpr essed 15 RaH ear@af%w TPreSRiAs WW%&P&PV&%W@“}IWI GRS o

machi ne, the GEHRASKDoUA], dptidda8§ with@hé Bﬁn&ﬁra%es&t?*ihgﬁﬁlﬁtﬁm&ﬁres@éd granul es
optionally mxed with a bi nder, ~ lubricant, inert djJluent, and/ r surface
act i ve/ di Sifer dabiefs mgH e preparcf/y geEpresBIte Ns? Tifgble machingdha,pmRgR in a
sui tabl e mc“'ﬁ%@aﬂow{?%ﬁ:?x‘mﬁfcﬁ% sgmepg@mg@ﬁﬁﬁaw thiked ¥ftnialbider, I i qui d
0

bi nder. 20 Fornul atiohs of t esent Tnvention suitable for %ar ent er al
adm ni st r at i orubricant, inert diluent, and/or surface active/dispersing agent(s). Molded tablets may

be made by molding, in a suitable machine, the powdered compound moistened with
an inert liquid binder.
20 Formulations of the present invention suitable for parenteral administration
compriée sterile aqueous and non-aqueous inj ectioxi solutions of the active compound,
which preparations are preferably isotonic with the blood of the intended recipient.
These preparations may contain anti-oxidants, buffers, bacteriostats and solutes which
render the formulation isotonic with the blood of the intended recipient. Aqueous and
25  non-aqueous sterile suspensions may include suspending agents and thickening
agents. The formulations may be presented in unit\dose or multi-dose containe_rs,. for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier, for example, saline: -
or water-for-injection immediately prior to use. Extemporaneous injection solutions
30 and suspensions may be prepared from sterile powders, granules and tablets of the
kind previously described. For example, in one aspect of the present invention, there

is provided an injectable, stable, sterile composition comprising an active compound,

o



conprise sterile aqueous and non-aqueous injection solutions of the active
conpound, which preparations are preferably isotonic with the bl ood of the
i ntended recipient. These preparations nay contain anti-oxidants, buffers,
bact eri ost 3§ ofpde 0! utes which render the fornul ation iset/osiza108t h the
bl ood of the intended recipient. Aqueous and 25 non-aqueous sterile
suspensi ons may i nclude suspendi ng agents and thickening agents. The
.fornul ati ons may be presented in unit\dose or multi-dase containers, for,
exanmpl e seal edr asgiothenesf, imatunit ddsage farmelinvesealsd centainerd The compquad pesalfis ed
(1'yophilized) i:t i 1. . : g?ﬁi] ian. aof : | liquid
darrier, for 8§<°§'r%%ﬁé§ thgflﬁlﬁgﬂ ié)roglgwg%gér%%}?fsicn ecétdl’tgdr%m%r{%%g?g‘tﬂei@ydﬁrgi or to
use. Ext enpor aneblesphanhaenticatly acdeptable narriddtodfomin s ligpid neinpesitiomsyitabte for epar ed

fromsterile paowder ranul es .and.tabl.ets of_ the .kind prevj I
described. Fo _J\ég’é’ eé%fi’ﬂc’ﬁﬁgbjﬁgpghi “rﬂ?e&‘)tsﬁ%e fﬁﬂg’?ﬁctah?' ﬁ?ﬁ%sfsbﬁ&%ta oeurte_ is
provi ded aB i Npeed BbEut 19t @oftﬁéwmodoen@&rmswneﬂnhmmmsmgalan active
conpound, 7 WO 021080676 PCT/US02/ 11081 or a salt thereof, I@i a,unit dosage
formin a seaserstangalayater-insqiyhlechyriinion ampunt of eroplsitying aganBHCR i t he form
of a |yophili L1y doSeptaRehh s bObmbE)datn SOBLRA daig b WinllfifAhe SUi t abl e
phar maceut i caﬁ}g&(gc g%{}a !?ca?%taglr) t%ﬁgic’)r ma li ui% cptr?_posi ti,(f))ﬁt sui tabl e
for injecti osompeyngair salhinensaquedys carrier. 10ne sueh wsefin saylsifyive agsnysi cal | y
conprises fro " . to about 10 grans of the compound or salt.
Wien the corrpgh?\%ﬂgédyzg mlgg substantially water-insoluble, a sufficient
amount of 1&nul si f yImgdditisrto avtivecdgeits or théiy sdlts) the phaxinkgeutical eprupdsitionsray  be

aaucous car i £1eY ShELaiH el SBAa B PR sl S "

choline. 10 | ndpgfig dgehts ixchale] but@rea@Elirhiledas, deide; sucts &d Hydirochloric pdidroamseut i cal

conpositions nmy_contain other additives, such as pH agdjusti.n dditives.

In particul ar °F Bgfé?rwugwé S&eiuﬁfs]taf’tﬁ@’ Sogiv %cef%mﬁ\g{l pE‘-‘EFPg%{?’éOChB‘ﬁ cﬁf ‘ted to,

aci ds, such agolyusyedls, ¥ sédidaigthcoRAS Sfurthef, tWohPbsitiofsuhdy Rftamaslictoblal

| actate, sodi um acetate, sodi um phosphate, sodiumcitrate, sodium borate,

or sodi umlgl uesservativesy Usplal micrehial pesspryatives ifsldeshpt asmorlimitediier obi al 15

preservati ves. i i r i i : ; limted
m athbdd] %ggp%%%%’ man Jﬁgﬁ a)Bfot! 'Tﬁlahlg obiflreseivati vk

to, methyl paraben, prop enzyl al co . The m crobi al

preservative itgpicallymmpldstes vavep thefornwisiion is plecedan aivizhdesigned for piudtidege i n a

vi al designed for |t dase:. us co [ele]! : . .
phar maceuti c al™®%o Hgé‘sﬁs ’idag r%dl%#ef Hlee gﬁ?@é‘ g‘%@%fﬂﬁ \%;%R P ggér)lr%aotf% P rdsBif invention

may be lyophilized using techniques well known in the art. _
20 - Thepresentinvention is explained in greater detail in the following non-limiting

Eiampies.

EXAMPLE 1
Treatment Protocol
25
C57B16 female mice between 7 and 12 weeks old weighing approximately 20

grams were treated with varying doses of EPO alone and in combination with

bleomycin. Animals were treated twice a week with placebo, EPO alone (5-40

pg/mouse, i.p.), bleomycin alone (0.25-0.75 pg/mouse, i.p.), or EPO and bleomyein - .
30 incombination. Animals were given a graded methacholine challenge (0-48 mg/ml)

at 2 weeks, 4 weeks, and 6 weeks, At these time points, pulmonary function was

measured using a full body plethysmograph (Buxco, Niskayuna, NY). This is a non-

invasive method utilizing a clear plastic animal chamber fitted with two pneumotachs

8



may be |yophilized using techniques well known in the art. 20 The present
invention is explained in greater detail in the following non-limting
Exanpl es. EXAMPLE 1 Treatnent Protocol 25 C57B16 femal e nmice between 7 and
12 weeks oiw® ¢t Ng approxi mately 20 grans were treat edmwsbhigar yi ng
doses of EPO alone and in conbination with bleonycin. Aninmals were treated
twice a week with placebo, EPO alone (5-40 ghnouse, i.p.), bleonycin alone
(0.25"-0.75 g/ nouse, i.p.), or EPO and bl.eonyci-n 30 in conQji nati on.. Ani nal s
were given a agdadlmdsmrtmluﬁoimqnface:walhaeorgsthrOPancmgiyrtbslsta@E and dugieRec 4

weeks, and 6 wee tie n asured
using a full °881 ﬁ pclcé{ %?%gegdrbé(paﬁ ?@%(E%Ecﬁ%%%ﬁ%% ng%gsr%gagﬁon-

i nvasi ve et qudwuh“eml ludg nolumes diering mﬂp&&tmcandaxpmhomh‘&sob‘éoluﬁmhﬁ:ed with two
pneunot achs Cgﬁ 80676 .PCTI USQ2 /11081 and. ?in %i?sduc r_whi, h ;,nt erface
with a conputéfthodyy pt5 fromsanimal mavement or atypigalibreaths (£-8y oM SO o) yat ed

by an analsyzeje iphbrel b%@ﬁyﬁﬁﬁaﬁalﬂmﬁﬁgpm&w@at CRESH diiSstedtlas afptopriatd ent
lung vol unes during inspiration and expirati onaé"l so- Vol unetric Method").

Artifacts frdBiGat |vo#5%ﬁ@nnsp@rﬁtoat@rp¢ elthe ipd uakamr@alg'l‘hqmeth? ehi ffing")
dj d
5 are ignor ecl¥0r tﬂdﬁﬂéﬁyﬁ%péﬁg&aﬁﬁgﬁ §84iPALRI ol S bk Qartalfxd:ﬁ'ﬁe)p@f adj usted as

appropriate Inspiratory tinme ot the I ndividual
ani mal . The rithogiryfuncligroinghbmdysefHantiynenmefrabphne. |/ Restie &mit.tardiMed. and

found to be pul nonary function in the nouse (Hamel mann
et al., Am 315\%” TR 85 DL e 156)3 Ptl) 776-75 (1997). 10

EXAMPLE 210 Experimental Results Bl eonycin was found to decrease pul nonary
function as reflected by changes I%w nced pause ("Penh", a
surrogate for airway resistance). ajed 15 twice a week for two
weeks with bl eonycin and given a M%@ii@—hw t UEB nmg/m) nethacholine

chal I enge had a 2.Hledi@ycin Was £2Ril RiekiRadeiliinotahy RscHbAID AfRetedlby bhanges

in the enhanced pause (“Penh”, a surrogate for airway resistance). Animals treated

15 twice a week for two weeks with bleomycin and given a graded (0 to 48 mg/ml)
methacholine challenge had a 2.6-fold worsening in Penh values compared with
control animals (see Figure 1). EPO given in the absence of bleomycin induced a
slight enhancement of pulmonary function. However, mice treated with a combination

. of bleomycin and erythropoietin had 60% better pulmonary function than mice treated

20  with bleomycin alone. A similar pattern of the Penh values was observed when '

. pulmonary fiinctions were performed at four weeks of treatment (see Figure 2).

The foregoing is illustrative of the pfesent invention, and is not to be construed
as limiting thereof. The invention is defined by the following claims, with
equivalents of the claims to be included therein.

25



control animals (see Figure 1). EPO given in the absence of bl eonycin

i nduced a slight enhancenent of pul nonary function. However, mce treated
with a conbination of bleonycin and erythropoietin had 60% better

pul nonary fwnekisoerst han mce treated 20 with bl eonyci n almgreusodamemi | ar
pattern of the Penh val ues was observed when pul nonary functions were
performed. at four weeks of treatnent (see Figure 2). The foregoing is
illustrative of the present invention, .and is not to be construed as ,
limting therEBAT Wﬁqfh!;%ﬁ%m%l%efi ned by the foll'owing clains, with
equi valents of the clains to be included therein. 25 9 WD 02/ 080676

PCT/ US02/ 11081 THAT WHICH IS CLAIMED IS: 1. A method of reducing,

chenot her apy- i ndudedAtmsthed efjredusing chermjtharapybisiuagd texdeitynin stsebjedd baingyt ot oxi ¢

agent, conprigsin Ry . I1C . ager i ly with

eryt hr opoi et i%@%sgﬂewé% uotﬁgl‘é?% ggtcig%ﬁer%g"% T eé‘l%gggae‘r%g‘?ﬁglf & é;;& i nduced
toxicity. 5 Zcondiifentipiwithcerpthmpo@ting dhamolst effedtivevib esdacercteaiotherapy-ot oxi c
agent is an antineopl.astic agent. 3. The nmethod according to claim 2,
wher ei n sai d BAHSEAINYsti ¢ agent is 10 sel ected from the group consisting
of an antifiotic, a nitrosourea, an alkyl sulfonate, .a cytodine analog, a
vinca al kal oi d, an epi podophyl otoxin, an interleukin, and a folic acid
anal og, and conbi rfat i braethnd pecgrdingto clpya 1nkherein sald CHtoXifReed 188hi m 2,
wherein said &rﬂhédg,@,ggg gC agent is 15 bleonycin, mtonycin, or
carnustine, and conbinations thereof. 5. The nmethod according to claim1,
wherein said chenot herapy-induced toxicity is selected fromthe group

Foxi ci ty, “and conty nafs Bl kiotipe bl Bl hakib ke sbinopiiiatitis 201 17NY
wherein sHl d seleetediffoer tp eroupdonssling bbad antibiptic,s iubsvoreay an g swidngte, . The
met hod accor dt':yrt]o(%lix%eoan% o%l an vi:rlea Maqtr)i%,l an e%%logop%ry%ttor}crir%%(r)xlir(latgr'lerhkhf and a folic

acid analog, and combinations thereof.

4. The method according to claim 2, wherein said antineoplastic agent is

15 bleomycin, mitomycin, or carmustine, and combinations thereof.

5. The method according to claim 1, wherein said chemothcrapy—induccd
* toxicity is selected from the groﬁp consisting of pulmonary toxicity, liver toxicity,
‘CNS toxicity, and renal toxicity, and combinations thereof. ' '
20
6. The method according to claim 1, wherein said chemotherapy-induced

toxicity is pulmonary toxicity.

7. The method according to claim 1, wherein said erythropoietin is

25 administered in an amount from about 1 U/kg to about 2000 U/kg.

8. The method according to claim 1, wherein said erythropoietin is
administered in an amount from about 1U/kg to about 200 U/kg.

10




25 adm nistered in an anount from about 1 U kg to about 2000 U kg. 8. The
nmet hod according to claim1l, wherein said erythropoietin is admnistered
in an anount from about | U kg to about 200 U kg. 10 WO 02/ 080676 PCT/ US02
/11081 9. Tive oaméded according to claim 1, wherein said agyhRiBii6$ Ng Step
conprises oral, rectal, topical, buccal, vaginal, parenteral, topical, or
transder nal adm ni stratl on, and conbi natl ons thereof 5 10. A nethod of
reduci ng pul monary toxicity in a subject being adm nistered a cytotoxic
"agent, conprising &dnThe methed aegoudingyte olaipx i cwhiayein said edwinisteringisiepwi t h

eryt hropoi et 11. The
nmet hod accordlrh ngﬁp 0 cﬁ%?%%b?gpv&%gtrbg%ﬁl’ gg&%ﬁ%‘%{%ﬁf {CEB%g{é)é{ &igféa%hta%o

ant i neopl ast i cadanpastratiof2and thmbimatitredhessndor di ng to claim 11, wherein said
antineopl astic agent is cytotoxic to the lungs of said subject. 15 13. The
met hod according to claim 11, wherein said antineoplastic agent is

sel ected fromthe glooumnmmalo&“hdﬂ@ﬁn@ﬁu]ﬁi@nﬁ@ttmmlqtmca,sua,eaniefncgadmtr&aerean

al kyl sulfonate, a cytodine an a vinca alkaloid

epi podophyl ot PAEGPOKR agqg[t PR R‘Pﬁn ag’é‘ﬁ-ﬁteﬁng 8 FYt€t°xé?c"rgGma?ﬁﬁ?"6{fnﬂ3é‘ﬂHh

conbi nat i ons 1 hhRBbietis th dfamdliPe RN :afieOpRiAaltotibiy M 11, wherein said
anti neopl astic agent iIs omycin, mtonycin, car rmstl ne, and

conbi nati ons thereof. 15. The met hod accor di ng to clai m 10, wherein said

erythropoietin is {42 i t o about
2000 U kg. 16.. The'f %‘%d‘gl@{’:%%’% 1‘5@8@@‘? %B“’“gvﬁergpﬁ%égﬁﬂw

er yt hr opoi Ht i raniiseopdadtic agest.ered i n an anount from about | U kg to about 200
U kg. 30 17. The method according to claim 10, wherein said adm ni stering
step conprises oral, rectal, topical, buccal, vaginal, parenteral,

topical, or tr ansde2meThe methdamic&bndhigit@alainamﬂ vierdin sad munﬁoplmibagént i1

cytotoxic to the lungs of said subject.

15 13. The method according to claim 11, wherein said antineoplastic agent is
selected from the group consisting of an antibiotic, a nitrosourea, an alkyl sulfonate, a
cytodine analog, a vinca alkaloid, an epipodophylotoxin, an interleukin, and a folic

acid analog, and combinations thereof.

20 14. The method according to claim 11, wherefn said antineoplastic agent is

bleomycin, mitomycin, or carmustine, and combinations thereof. _

15. The method according to claim 10, wherein said erythropoietin is

25  administered in an amount from about 1 U/kg to about 2000 U/kg.

16. The method according to claim 10, wherein said erythropoietin is
administered in an amount from about 1U/kg to about 200 U/kg.

30 17. The method according to claim 10, wherein said administering step

comprises oral, rectal, topical, buccal, vaginal, parenteral, topical, or transdermal

administration, and combinations thereof.

11



