NEPHROTOX1Cl TY CAl PORI I NS AND TACROLI MUS CROSS- REFERENCE TO
RELATED APPLI CATI ON T,II(S(}Sl application clains the priority of Provisional
Application Ser. 8562, 947, filed October 9, 1997. BACKGROUND OF THE
INVENTION 1 Field of the Invention The invention relates to nethods and

phar maceuti cal co e ed to prevent kidney toxicity us

cycl osporin or tammnmmmﬂwmrm strationt~ 2. Descril ption of %Péﬁgp%r Art
Cycl osporins are neut f@le«! i pophilic, cyclic undecapeptides with nol ecul ar
wei ghts of about 1200. They are used intravenously or orally as

I nmunosuppressants to M%T%Q QL RREYE ERYQT@XHH pl ant s i nvol vi ng
skin, bone marrow, heSAUSEDBYEEYG-QSPORINSIANR RACROHMISas wel | as in
the treatment of autoi nmune di seases. One of the principal categories of
adverse reactions experienced with cyclosporin therapy is renal dysfunction
and toxicity, which cCRO$S-REFERENCETORELAFED ARPLACATPDNI cati ons of

cycl osporins. Indeed, in spite of inproved one- and two-year renal

al l ograft survivalTHigtgmlictith alehaaeehplidrityi dfe Pedvigbaal Appidabioh 0Se@ No.
cadaver kidney transplant that is functioning at one year has changed

little W tdpbbe ouserniied sashasnagonbased i mmunosuppressi on during the past
over 15 years. The adverse effects of cyclosporins, particularly the nost

commonl y used cycl osporin, gxe UND O )INVENTRDRN t er m ki dney
structure and function hav 0 XCl U i mportant factor - 2

- 4 April fOE? i n hrg i .%Ilograft failure syndrone. See Bennett et al.,
Ki dney I nf .rj%%g%%§§r¥%@éL(1996). It has been established that CyA causes
a dose-rel ated decgease in repal funclpion i xperinmental ani npl s and
humans whi ch is. ¢ HOTGRECREPE AR BoToBs Mg nerBRPERISe! FAMBPORERS HiEpd to
afferent arteriolar vasoconstriction and, ultimately, decreased gl onerul ar
filtrationPreyeet kigpmetaxicitycaased By Gy elopRAMHOhEAGrQlinaes administiiobh shoul d be
| argely controllable with precise nonitoring and dosing of patients, are
apparently not the only adverse consequences of CyA admnistration for the
ki dney. Not only patients given CyA therapy to prevent organ transpl ant

rej ecti on, 2besatigtmmatt theriorlirt h aut oi mmune di seases, have been shown to
devel op norphol ogi c | esions consisting of areas of striped

t ubul oi nterstiti alCytlbspeing, areutadtel, ixtopbiliey cpclit aidesyapeptided with ehclpatlay .
The hal Il mark of CyA nephropathy are these vascul ar | esions, which are not

necessari | We%‘h&ﬁoﬂeﬁio@k edo@nithahahugninbaveiifiyvatorally 59 BmRabs BIprSssants
recei ving CyA doses as fow as 2 to 4 ng/kg. See Bennett et al., ibid.;

Pankewycz & plong JHrdPSY%n bllédenic ﬁghﬂr&gﬂts]iﬁé&vﬁfg]&%%bon@%ﬁrﬁﬁ%ééﬁ? kidney,

techni que has beén disclosed in the prior art for the chronic

adm ni st r aphRdeds af%%tﬁé%rgéﬁ'@éswléésimﬁé 2 afhehfior ARSHimandlaReasel! | ©

avoi di ng the serious consefuences of nephrotoxicity. |t has been suggested

t hat cal cium ant a LS . Lf Jret gbol | i t use

of | ower doses toggghi éﬁ%Hggéggﬁg%lex?%ﬁggu%p%%\}sezg%%.ga%&ﬁagké%sggggge\Rﬁh

roposed that, di hydropvridine calciumchannel. hl ockers 1 ow..

T Bratyt1 ArtieshatbCgray i e RishintiR B Piichy ML Sidts Jrions on he

cycl osponn petgboli.sm The bepefit of  these.proposed therapi es has not been

ot P hoaie ApliEEhons ot RERSPRHYS bR e L S RF PLITEr VAT @s6: Bhd g year
>==chronic adm nistration of calcium antagonists or calcium channel blockers

t hat woul drenal allograft survival rates, the average half-life of eight years for a cadaver kidney

;" #$%e3eB<<=t ’>4@’mmﬂﬂmlm U ~ou~e~~~ , a~~~z00~ METHOD COF PREVENTI NG

transplant that is functioning at one year has changed little with the use of cyclosporin-
based immunosuppression during the past over 15 years. The adverse effects of
cyclosporins, particularly the most commonly used cyclosporin, cyclosporin A (CyA) on

long-term kidney structure and function have not been excluded as an important factor



- 3 - 4 April 2002 outweigh their utility as adjunctive agents to
cyclosporins even if they were effective in avoiding kidney damage. SUMVARY
OF THE INVENTION it is the object of the present invention to provide a

met hod of preventing or substantially reduci ng the nephrot oxi city caused by
the adm nistration of cyclosporins to manmalian patients. I s anot her

obj ect of the present invention to provigle a nethod as afor %26% %ﬁhgh not
only halts the disease process but actually reverses that pr i

causes regregsion glt;;?tefaﬁﬁ 9H&Qo+§s'%s endetl %t &, fkllP;)é]}? rﬁpbﬁ@%BQ t1§)§t i on

|nvent|on to provide”a net as a oresal whi ch enab € admnfs
relatlvg hi gh, therapeutlcally ef fective doses of cyclosporins to
patlents g %lng cycl osporin therapy mhile avoi di ng cycl osporin

nephrotoxicity and ne th | S anot her  obj e t of the present

i nvention to provﬁi’d'éaé)lB 8 @"%h%ﬁg}aé fobc"’l}’tsrefslazﬁj @SWE}?%PI'? renal
avai |l abl e pharmaceutical agent which is non-toxic and not |ikely to provoke
serious sifdrctionfia@xgerimgn éﬁ|”’r*@]5@ﬂ@ﬁ‘um?é\§é"”6§§‘é?cfth@uahﬂmcﬁ%@lﬁ%t%ﬁ'ﬁcﬁfugﬁlI
beconme apparent hereinafter, the invention resides, briefly stated, in a
met hod of effestein ipmgducriegimﬁemgwtoarter&}@rEasmgonyﬁib&@p@nrinuatmmaw decreased
nephrotoxi city and renal dysfunction in manmalian patients receiving

cycl ospor igombedaditratmrsiade.i Hgweber, thesadwcutel rstmadynamic effsats hwipielt slemitld bef an
ef fective nephrotoxicity-reducing amount of pentosan polysulfate (PPS) or a
phar maceutiaepily yortesieplaith pradise h’mﬂiteﬂrﬁg afy aibsmgmfrpasemat amnagdar&fly nst t he

preferred node of adm nistration. _ 4 April 2002

the only adverse consequences of CyA admlnlstratlon for the kidney. Not only patients
given CyA therapy to prevent organ transplant rejection, but also patients with
autoimmune diseases, have been shown to develop morphologic lesions consisting of
areas of striped tubulointerstitial fibrosis, tubular atrophy and afferent arteriolopathy.
The hallmark of CyA nephropathy are these vascular lesions, which are not necessarily
dose-related and which can be observed in some patients receiving CyA doses as low
as 2 to 4 mg/kg. See Bennett et al., ibid.; Pankewycz et al., Kidney Intl., 50:1634-1640
(1996).

No effective technique has been disclosed in the prior art for the chronic
administration of CyA and other cyclosporins at therapeutic doses while avoiding the
serious consequences of nephrotoxicity. 1t has been suggested that calcium
antagonists may modify the metabolism of CyA, allowing the use of lower doses to
achieve adequate immunosuppression. It has also been proposed that dihydropyridine
calcium channel blockers may slow interstitial fibrosis in kidney transplant recipients
without affecting cyclosporin metabolism. The benefit of these proposed therapies has

not been established, however, and there may be adverse effects caused by the

chronic administration of calcium antagonists or calcium channel blockers that would



I n anot her aspect, the present invention resides in a method of treating
manmal i an patients requiring i nmunosuppressive therapy to prevent allograft
rejection or to treat autoi mmune di seases through the concomtant

adm ni stration of an effective i nmunosuppression-induci ng anount of a
cyclosporin and an effective nephrotoxicityreduci ng anount of PPS of a
phar maceutically acceptable salt thereof, Alternatively, the effective
anount of PPS nay be adm ni stered concdr"rii'tantly wi th FK-506 GP‘MPW@&%),

al so known as .tacrofinus, which.is us to provide i osuppression in

or gan- t r B s vl 2s ALideaghR ol oREBRUTRYa | B Weiscsifective in

BRI EF DESCRI PTI OF THE DRAWNGS FIG 1 Ais a photom crograph of the

ki dney of 3%Oiiig IGENAY dPMRISf or two weeks on a | ow sodium diet and then
treated with daily injections of CyA for 45 days. FIG 1 Bis a

phot om crograph of the kidney of a rat maintained for two weeks on a | ow
sodiumdiet and then treated with daily injections of CyA and PPS (ELM RON)
for 45 days. FIG 2 is a bar SYMMARYeOF dHE HYVENFIQNt i t ati ve conpari son of
the amounts of interstitial fibrosis (expressed in arbitrary units) found
on norphonetric exdgthabbject aifthd peskhidnesrionfio phevided snathse of petentitid or
respect to FIGs. 1A and 1 B, respectively. FIG 3 is a bar graph reflecting

a quantit glibstantaIVRRHUERG thé nepBBREXIEiIR causkd By thY alHiedativh Wy@mPsﬁﬁé c
exam nation of the kidneys of the rats described with respect to FIGs. 1A

and 1B, reSRRMhinABAY pafibhts. 4A is a photom crograph of the kidney of a rat
mai ntai ned for two weeks on a | ow sodiumdiet and then treated with daily

i nj ections of Q’A]thigﬁnaﬁleﬁjeﬂ' ct of the ?re'seﬂt iﬁ‘@éﬁtlonﬁgg?o\}lzdé:’a n@ni@a@aforeﬁaid
phot om crograph o e kidn of a rat ma~ntane or two weeks on a low
sodi um di et_.and t hen eated w th Ly i nj [ f PPS (ELM RON)
for 15 dawla':ﬁ?i orgy Péﬁ%ﬁjﬁaqqsegqﬁéﬁg‘?eﬁ%é’i?Fﬁéﬁﬁ%&gg‘%ﬁs itlt%tfqrsgedséoar@aéqu%ﬁ of
t he nunber of fibrinoid |esigns assessed in the kidneys of the rats

descri bed '?\Wteﬁs'ro@s‘ﬁgg? SEAMPPCESIO%A (control) and 48 (ELM RON) and an
untreated group of rats, respectively. FIG 6Ais a ba[3 graph refl ecting
the bl ood Ievels dFis@/fnrtherehigstalthePyentionta nrevide panetoad @8 aforgeaidviyeh r at s
who were adm nistered CyAin olive oil by gavage. FIG 6B is a bar graph
refl ecti ngnehieshitie dadraiigtetion of, selatively nhigad teerapeutically heffectiver fees wfa
group of rats who were admnistered CyAin olive oil and PPS (ELM RON) in
wat er by gachgporiDETol patBnbESSRIITY OXCIOFPAHE thevepxwitie Reeidingancysidspodhf at e
(PPS) is a highly sulfated, sem synthetic polysaccharide with a nol ecul ar
wei ght r angpheotbxieity andutephrdgithy.o 6, 000 Dal t ons, dependi ng on the node of
isolation. PPS may be in the sane general class as heparins and

hepari noi ds, but tihey gepafothendbfeet obthelpfdsenensention telrovidala Alstiwsd wse,
nmet hods of derivation and physi co-chen cal properties between PPS and

heparin. WibleRalARAEING d ContrhEridllY alvaitiohd SariiRELfICHIEREmtAhith BHEPSoRE @hdas
beef and pork nuscles) liver and intestines, PPSis a sem-synthetic

conpound W%ﬁe@%?&?&{?ﬁr%s%@%& xylan, is extracted fromthe bark
e or other plant sources

of the beech tr _ _ and then treated with sulfating
S0l Tt i on. PPS | < Honarhing Wik, B BBty e A Ao SR el i
2B L roBAER I R itk MY Bhobon el BRI R, 2
epar n 1 deNe R PR RRM DS gt Sionicl ity RIS RERBE b Plmelips
rotates | igaq}en.{snre%elv?nvgocr:y%ﬁo%tpgﬁx tr?érégf E:ci)rg)sri]s'ting of the administration to such patients

of an effective nephrotoxicity-reducing amount of pentosan polysulfate (PPS) or a

pharmaceutically acceptable salt thereof. Oral administration of PPS is the preferred

mode of administration.



In terns of biological properties, PPS prolongs partial thronboplastin tine
and has been used to prevent deep venous thronbosis, but it has only about
one fifteenth the anticoagul ant potency of heparin (see generally Wardl e,

J. Int. Med. Res., 20:361-370, 1992). PPS has al so been disclosed, infer
aha, as useful in the treatnent of urinary tract infections and
interstitial cystitis (U S. Pat. No. 5,180,715); in conblnat'%ﬁ.rkbggan
angi ostatic steroid, |n arrestlng anglogbne5|s and capillary

menbr ane | eakage ﬂ .S. Pat. No. 4,820,693); and for treatnment of chronic,
progressi ve vascularRngthesaseect the presant ingentigngesidesin a imethadiofdrefatipgot i ¢
di seases of the kidney such as gl omerul oscl erosis. Sonme researchers have
denonst r atreamiaian PREENtA FeQuiing IRBSI0sURDIesSEive Harppy topiaventallograthigiection
decreases hyperlipidem a, and on that basis have suggested that PPS m ght
be useful gptopestadoinraling disaasdsthtaugh the henasvitant adiminiptratipreof an effetdtioa,

i nhibiting - 7 - 4 April 2002 nesangial cell proliferation and

pr event i ngmeiriosgepretsoranduwngadoghtaiarayciospor and ain(éfadtvetnephratoXibienb.
Res., 46:793-80, 1987; Wardle, ibid.). However, no one had previously

focused Oftelifiéing @RRburit BF PSS bitd pmrﬁfac&nﬁéduylac@eataw §8k thelraf. NRIAEV I
inhibition of cell proliferation) or denonstrated that it was feasible to

hal t and/ r Vas a ; 3
had not bgén éc!%én\‘g'i%ger Wt GrSPPEain) bl Md'%n#stbl'ém%”%sﬁﬁt%hﬂ  with & K-508

n this context. Mreover, none of e prior art
suggest! ong, oy} BB kRbRA Bs thdrblih s%h.E’ﬁguM@% oI it pf&Sio
supported by’ any’s stan scirentific efficacy data generated 1nin act

ani mal s, but_inste 0 |l's isolated from
ani mal ti s%f%'@ér)ansﬁ\lapﬁﬁag‘?{ﬁ%kf’eaﬁl%cﬂ%wm é@%%%?fﬁ“g' an(i osur es of the
utility of PPSin the inhibition of fibrosis and scar fornation (see, e.g.,
Roufa et al., U S. Pat. No. 5,605,6938), these teachings deal with the
suppression of fibroblast invasion in skln and reIated ti ssue areas but not
acute or chronic scarri n@GRIEESREICRIFTION, OFLT B33 andl or the kidney
interstitiumwhich are very d|fferent in etlology and pat hol ogy. The
present invention F&. 4Adsa phatoprierogepbaf ther kidngyool avtat maintaingdifer twedverks
preventing, reducing or reversing cyclosporin or tacrolinus-induced

nephr ot oxi en &yowodaumrdidat and plagn treatedvattedailyrigjectichoepByArfond5 tdags.oi i mus

t herapy, said nmethod consisting of the adm nistration to such patients of
an effective nephrrmxiBas byhbRmiciogeaphiaftiid kidhepeid f amaip@ineiof RIEWEERS)
or a pharmaceutically acceptable salt thereof. In a second aspect or

embodi ment yp, & iy 5EWERE diearidethah Beafed vith il ffe @fonk lof BN BhdRPE§RLFIRON®)
requiring cyclosporin therapy) e.g., patients requiring i munosuppression
to preventsguafdskel ection or to treat imune di seases, through the
conconmtant a Xlstratlon of at |east one cyclosporin and an effective

e S 0 g i s S Oag oY 58 R
8 RSB G 4 PRl R
a0 eSO B R

cirrhosis (see, g 204, 329 and |nnun0|nffanpafory ski n
di seases such as p @l%ﬁ & b%{thﬁPb r&ﬂ‘??ﬁi‘@l 2 quanpitglive GoraRANRON 1 gomerular
eczematous dermatitis, seborrheic dermatitis, lichen planus, penphi

bul us penpW? Q&%V%W@ér%’f"?g?@”ﬂﬁ‘}f ¢ 8§§m"lﬁ*'9f"‘c%f|*h% k'%ﬂj’ﬁdﬁd@@r@ts deSC”bed
vascul itides, erythemas and cutaneous eosiniphilias (see, e.g., US. Pat.

No. 5, 286, V’Eb)fesn&cta@fdﬁ%la‘rﬁ:énd\ﬂﬁhfQSP@CIIYﬁ}bnt| on, a mammalian patient

al ready receiving or about to receive cyclosporln therapy for treatnent of
any of the af or eneflG.otfes aditmdenvicregraph of tha kidney afig ratiaintaihédfar &vo weeks
indication is adm nistered an effective nephrotoxicityreduci ng anount of
PPS or a pbaranteecsddigl digt arccibphdidatedwith dalie indedtionShaf QX fwel 5'daysef f ect i ve
nephr ot oxi city-reduci ng amount” as used herein refers to an anount of PPS
or a salt thereof incorporated into a pharmaceutical conposition which is
effective when given one or nore tines daily for a prescribed period of
time (which period nay be conmmenced prior to, concurrently with or after
the initiation of cyclosporin therapy) in preventing or substantially

di m ni shing the nephrotoxic effects of the adm nistered cyclosporin. In
human patients, a total daily dosage of PPS or PPS salt of about 2 to about
50 nyl kg, and preferably about 5 to about 30 ngy/ kg of patient body weight,
or about 140 to about 3,500 ng per day in adult patients (and preferably
about 350 to about 2 000 ng) adnlnlstered |n one to four d|V|ded doses IS

Y Y N .




- 9 - 4 April 2002 and nephropathy. In smaller nmanmal s, the dosage range
may have to be adjusted upward or downward in accordance with body wei ght,
species and the nature of the condition. The preferred enbodi ment of the
novel method of treatnent is the admnistration to the patient of a
pharmaceutical conposition conprising an effective anmount of PPS or PPS
salt and at | east one pharnaceutically acceptable inert ingr q&eﬂt. §he
conposition may be in any standard pharfraceuti cal dosage forﬁlFH 200
preferably an orally adm ni stered dosage form Dosage forns for ora

del i very may incl fﬁ'&% 4805 eehetasrigiogramh dithke kidpay ete fang‘l‘@f‘?,'”QQafEEM%\é!e@fS
caplets, sustained rel ease tablets, capsules or caplets, |ozenges, |iquids,
el i xi rs oenafmgw sedism @etandibsaeatedmithidadiviniectionsef Bydr anttBREBSI(ERMIRBONS)  As
pharmaceutically acceptable inert ingredients there are contenpl ated
fillers, forddetays. solvents, etc. which do not interfere with the desired
activity of the PPS Also, fillers such as clays or siliceous earth nay be
utilized if desireib. 5 igdpasdrapheefiicting afquantitafios agengantsen dfutid¢ hamber of

i ngredi ents such as excipients and carriers nmay be necessary to inpart the

desired phyididlesRHireRRkbsR iRfthd REnERSEARe TAts MesSitsdd Witk FeSFdct Bs PRGBS t4reS
are, for exanple, release rate, texture and size. Exanples of excipients

and carri o%tﬂégea‘da' 4B @Emﬁiosé@)sagg?flﬁ Ah{FBaRiyraay OF ratdClespachrgpwax, castor

wax, glycowax and carnauba wax, ul ose conpounds such as

et hylcel lul ose, eidvdeeld bl asgon RAEBAIRIBUbERIN Brel nceidlinsgonsey at e

pht hal at e, hydr oxypropy 0se an oxypr opyl net ose,

pol yvi nyl | ori pol yvi roli : C I i

onet car a2 ok pRdes Jf 2 oW Bl B0 oA BehERIM AR S oEGARe. | 1g
- 4 April 2002 neghacryl ate and et hyl ene gl ycol  di nethacrylate,.

pol yet hyl ene gl ycHEaé%'Srﬁ/B?fcﬂfﬂP‘Ff e&ﬁ'ﬁ%tr% OpH ey &Tﬁggyf\i%ﬁ%mﬁf‘e(ﬁ fyer a
present invention the PPS active ingredient is desirably present in an
amount be2¢d I RV B2 FFRHmMBbIAtS e admipstegrd Givh in ehve ek apd Rftzage
adm ni stered to each patient will be a function of the condition being
treated afLMHROPRY dn waterdiy-gamageri stics of the patient, such as age and
body wei ght. The active pharmaceutical ingredient can be PPS or a
pharmaceutically acceptable salt thereof, e.g., the sodiumsalt. One
preferred oral dosage formfor use in the nethod of the invention is

El mron gel atin capsul @GEXTALES DESCRIRTIONORTIHE INVENTIONC. ) M am ,

Fl ori da) which contain 100 ng of PPS sodi um and, as exci pients,

m crocrystal line eehtddapsepapshifFeanespaim 34 ear ahighiyAl stigated, t Bemeyathetiout e
of admnistration is preferred, the present nethod of treatnent also

conpr eheggxl%hfs%cﬁé}men@vﬁﬁ lraaHo%uﬂ-fr v?é?&htorran@ir%a‘ir@r)]mt ABEROT, 580 ?o Borpagsmer al .

t ransder transnmucosal routes or Via any other routes o adm ni stration

Cronn, 206 ABHARE 1L indhd bt K, PRTHAE B, AicRIATIG kst
B e T T

conventi ona crestan sage rorns toge

sol vents, excipients and additives. ny. exanpl es of ch rmaceutically
Sccept abl OBRAS i Jeckind g AR SR g SPe R b el PRY SRE Fepeit
(17th editjon, [ 1985) and other standard texts. \Watever route o

b i ot r Rl rspapy 18 vl Sadied ot anadiiclise Yeaues: Sudiot ethandapery
dosage range for the PPS active ingredient is fromabout 2 to about 50

ngl kg of pPRYSERR livandielegites PPabis @sericyniels samreusdavhaseinelsagrharidgnan
patients, and preferably about 5 to - 11 - 4 ril 2002 about 30 ny/kg or
about 350 kaskb@rrxynOBEXrgctedlfiamthgHballk ohe kaashites aremiheddantiseureesandend
of that range woul d probably be utilized on parenteral adm nistration The
phar maceuttheatregtadpoaith siltating wgedtsi suchias ahbarbsuifamic adid orsutintyl tichimigeiandl ude
active ingredients other than PPS or a PPS salt, for exanple, other agents
whi ch may dmd.f Afiedsuifaéibn) PP& i4 tsually ¢reated with ebdicychydrpardentoi yield tiesl skdidmey

damage or toxicity. In accordance with the various enbodi nents of the
met hod of gdie present




invention, the PPS (or PPS salt) containing conposition may be adm ni stered
to the patient before the onset of cyclosporin or tacrolinus therapy (for
exanpl e, beginning up to several days before), concurrently with the
cyclosporin or tacrolinus therapy andlor for a suitable period of tine
after termnation of the cyclosporin or tacrolinus therapy. In a preferred
enbodi nent, at |east one dose of PPS or PPS salt is adm nistered. 2 he
patient within 24 hrs. prior to, toget hef-with or within 24 HAPA ﬁB equent

to cyclosporin or _tacrolinus, admn ni tion. The PPS conposition may be
admi ni stered to tﬂi‘eﬁﬂcgﬁ?ﬁé’fmgkeoééaéé I3 SRRWRSEIE cycl osporin or
tacrolinmus conposition but in a separate dosage farm or it may be

adm nistered to the patient at different tines of day than the cycl osporin
or tacrolinus-containing conposition. Alternatively, in a further

enbodi nent of the present inyventiypn, conbination PPS (or PPS salt) and

cycl osporin (or tacrolinus) forms mayibe,adm ni stered to mammal i an
patients requiring inmunosu ra 3 conmbi nati on dosage forns
contain an effective i munos i ﬂb” nmolnt of either a
cyclosporin or tacrolimus) f abelu Ho out 200 ng of

cycl osporin, preferably CyA.| The ationldosage florns al so contain an
ef fective nephrotoxicity-reducing'a %, e.@.)o%? ut] 50 to about 500 ng,

of PPS or a PPS salt. - 12 - 4 April 2002 Such dosaae fornms may be in any
suitable formfor oral or parenteral delivery or admnistered as descri bed
her ei nabove and may contain any pharnaceutically acceptable fillers,

bi nders, solvents, vehicles and other excipients or inert ingredients
deened appropriate by those of skill in the pharmaceutical arts. The

cycl osporin whic As%llt%ééf(e{li%nﬂs e (TRRLq Me%‘?b%ﬂlngé?gg {érbgatirgg %%Lﬁ@omers

h
applications to provi nosuppr essron or
i i st A OGS A p e O SIS AR T SO apred i P : R Brisont roates ' °
pract i ced RIPE PaIRZ8g d0BE oA kTP BBk AP IO TS PSSP 1 i YRR B

derivatives thereof. Mreover, any of cyclosporins A through Z or any other
cycl ospor idireglignbe enpl oyed in a conbi nati on dosage formtogether with PPS
or a PPS salt in the novel conbination dosage fornms of the invention. Al so,
because t he i ntr adeltéemsipf Bictpgigal iphepertiehVilyS paeldngspaitiat iwomboplaplimfimee of
FK-506 or tacrolinmus resenble those of CyA, it is likely that the toxicity
rel at ed t cartchba®s bepnsisadnionprevent deep yeoolis thabstobis, ot itihmsadrdy abyput one-
coadm nistration of PPS or a PPS salt. The structures of cyclosporins A

t hr ough Z fifiehttciielanticoangl eamstpapdnayest heparn deavaenenalilalbelld,.J. int- MEY. -Rek.,
April 2002 TABLE 1 C~ closporins A-Z cy~~-Am no

Aci dsospo-70n8y1-428 400508 9 FIHK] (y<\Ma b rHebhitiad ddlae ihvar Al as1 Akl i 1MpleatHYBhe uMe
Val CyBMebnt Al aSar MeLeuVal MeLeuAl aD- Al aMeLeuMeleuMeVal CyCMebnt Thr Sar MeLeuVal

MeLeuAl aD- LV L f eulMe
Val Oy ENBOr AL C M SN VR A b A S E b 0al by P Ay AL RBL Suval
MeLeuAl aD- . . sy s . . . .

cuNEval NeBa AR 20 NSt e Tt 0 AT SREPOANE 20N oRle RRLSE Apu
Sar MeLeuV Me D Mev Va r uyai MeLeuAl aD- Al aM
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2002 The foll owi ng exanpl es denonstrate the efficacy of the novel nethod in
preventing or substantially dimnishing and reversing cycl osporin-induced
nephrotoxicity, particularly arteriolar necrosis |lesions in the kidneys.
These exanples are nerely illustrative and are not intended to set forth

mat eri als, conpositions or dosage ranges which nmust be utilized exclusively
in order to practice the present invention.




- 15 - 4 April 2002 EXAMPLE 1 Two groups of Sprague-Dawl ey rats were given
a lowsalt diet for two weeks prior to the inception of this experinental
study and were kept on that diet for the duration of the study The first
group (control) was then adm ni stered 15 ng/ kg/ day of CyA by injection for
a period of 45 days. The second group was adm nistered the sanme dosage of
CyA as the first group but also received_daily injections of 1 % of
PPS (ELM RON) for the 45-day period. At-fhe end of the study“p&ﬁ’ri' he
animal s were sacrificed and their kidneys exam ned m croscopically and by
mor phonet rMesanai! c&flirsaiferadiop @anderrexentng ¢allagem irgiation sydgierertiogalergsis1 A
and 1 B, the kidneys of the control group rats exhibited |arge areas of

i nterstiti(Bauf EbﬁbsiT§’.r0”Fh-eRéS-wé|5é7%3-gQraF 8huypele,opid nf Hameseomp or¢ Ihed
enbedded within the fibrotic areas. The kidneys of the rats receiving both
CyA and ElpveRONslyefosabed anhte revsd intatstities avesrealt bneel yegsatk@d omyetedeto, as
in the normal condition) and showed a cl ear decrease in the anpunt of
fibrosis dnhipiohwfaell prdlifdrafien)eritenvesiratddahatubnhe feasibe tanauaid/of reverse
interstitial fibrosis in each of the test groups was assessed

quant it at i yelty va¥ciiBF MjeyEArd RidAsREcaRingONe PR RakindhBkEn cORsiBBRMN thisF! G
2, there was approxi mately a 50% reduction in interstitial fibrosis in the

ELM RON tregtied rabseovERenstBEIHd ﬁorsdrzﬁ,dgésﬁ&g, 4 B8 sifie hp@g _rogb%g the

control and ELM RON treated groups were neasured by i1 mage ana is. ty

%%?Eﬁéﬁ%i ;S,%?@"%iﬁ‘%%%%%é/ W%E??E?{’@%ﬁ B :.“‘ﬁrSﬁP%‘“ﬁ%“a%C il ol ThR e dlpiad
i gni 11 canhyieg il phERSleRy rEReser 4P il alte shes QheeTt BRla Folthymal

Apri | Zooz%g ijé receiving only CyA. This indicated that PPS protected the
gl omerul i Uekd-rats in the treatnment group fromischenmc retraction
caused by CyA, EXAMPLE 2 Two groups of Sprague-Dawl ey rats were given a | ow
salt diet for two Akughthese Nayerraeentlyclesnn diaclpsuresicf thg pality RIATRS inthedy
and were k&g; on that diet for the duration of the study. The first group
(control) inditiorerofatiprosiss aed esrarsfoniation dsge.of-9oy Rowia iaifalct Uch Pat MNo.
period of 15 days. The second group was adm ni stered the same dosage of CyA
as the fir5606/938p these tdacbinge cleialwilh the $uyppregséarnt ofdibsoldastitvasinkig skin delS
(ELM RON) for the 15-day period. At the end of the study period the aninals
wer e sacr i fdiated tiaseke tteasrbltindhaysteex ahromidssardngdisepsesnbl smodthGhuscléd\calid 4B
are phot om crographs showi ng cross-sections of gloneruli fromkidneys of a

rat from thedeptHd Rdney mterstitilie whith aaé deifyr difiereheinEtdIdgyNarid gatherbggr oup
(FIG 4B)) respectively. In FIG 4A a small (afferent) arteriole ich has

“fibrinoid" necrostTReipfnyi@ntiés rétates! iR o%'dsPéﬁhr@nt&ﬁﬂﬂehﬂﬂﬁiah%tﬁMof

right of the glonmerulus (in the center of the tield). By contrast, there
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vascul ar p inF rinoid" sions 1n
ff t L.k i i . M.
reatod gr BEBunge pfEhERRERARECcihsngn B Rk ety Bl Seulitonghi™
ts. Fift ial.. I | i ) N h_Kij .
AR T R e R A e R ¢
ol one. - Bedtesan BRpsuifatadb D kA s aTRICALY ARk RIS BeF Hsrriay 't § second
determ ne whet her PPS had an effect on the gastr igt ?sti nal uPt ake of,_%/A
as refl ect BaPeH %W&prnq,é%myentlon relates t0 a method of treating patients requirin

cyclosporin therapy, e.g., patients requiring immunosuppression to prevent graft
rejection or to treat immune diseases, through the concomitant administration of at least

one cyclosporin and an effective nephrotoxicity-reducing amount of PPS.



One group of ten Sprague-Dawl ey rats received CyA (10 nglkg) in olive oi
by gavage. Wole blood |evels were taken fromeach animal at 30 mns., 1
hr., 2 hrs., 3 hrs., 4 hrs., 5 hrs., 6 hrs., 8 hrs., 12 hrs., and 24 hrs.
post- CyA adm ni stration. CyA levels in the sanples were neasured by an
ELI SA met hod. The average CyA levels for this group are reflected in FIG
6A. Peak blood levels were achieved fromg to 8 hrs. after aag%niibr%tion
and returned to near-baseline levels by 24 hrs. There was co RId 298¢ e

inter-animal variati RN S NGhivh g h i A second
group of 10 Spr ague-c%g{ﬁlsg?/ﬁr afs ¢ %@%ﬁlye%m&i ?rtlgb\?reg{b%')maﬁér\w%eévaes Sf'ﬁ"Ca'éY
wel | as PPS E§¥ﬂ g, -l way : . od sanpl es
wer e taken fé%:fnul\ﬂt e aenP%gﬁggg'? 0tf ﬁﬁb sarrg Cltlﬁ'%{lerg\?é'?%%énsp\{?ﬁi@ﬁ%’E‘&%rt PSFBSPSUp,
and CyA | ev red. : , t roup at,.each tine
interval ar géor%g}l\%é@?\g‘éﬁ;alrﬂ‘egﬁ@Jlgi%.'@ﬁgﬁﬁi%ﬁlté’/’gégﬁ%?&ﬁd)éqtﬁggumrr@ﬂ?\?ésefﬁ%m in
FIG 6B resenmhl es that. seen.in FlG 6A althou inter-ani mal variatjon. was
consi der abl v Begreunae SRk, Sysleticdys R Beta el SRR s Reaslh mEsraTibn
of oral PPS with gral, GyA does not inpair the . gut absorption of the _or
Gecrease  neSBVB e S4ease A ouanaTAY aifigsi|Ses” B g rete. 5.264.524)
adm nistration of PPS did not affect the plasma disappearance of. CyA 4
Aori 1 2005 T8t uminatastatao Sk Heaset aloDa8 PeRH FUGHEC AETOMS. Lohfact
conposi tions which achi eve th@ vari ous ob'ec%ggof,th?,énvention and whi ch
are welt adafREWIS SreelMAS CYARLHS GIRDOGheGARImAELY, liGeen PROUSaPeHRBIGUS,
possi bl e enbodi nrents m ght be nmade of the above invention, and as varijous
changes mi ghPulge ReMBNIGAId; HRPiIdermadsie RUWOosRt UiticAfiR. Angirefiemas; wvasgulides,
understood that all matters herein described are to_be intergreted as
i |1 ustrati veeHiemas antheganeqysiaasfiriinsdseenmag. HsS.drati Ned®.48648Q)-and
desired to be protected by Letters Patent is set forth in the follow ng
cl ai ns. 19 4 Apri |In2gc@dgucecyit the invenpone Maandliap patjerttaliegdy receiving or
nephrotoxicity or renal dysfunction involving fibrotic
about to receive cyclosporin therapy for treatment of any of the aforementioned disease
conditions or any other clinical indication is administered an effective nephrotoxicity-
reducing amount of PPS or a pharmaceutically acceptable salt thereof. The phrase "an
effective nephrotoxicity-reducing amount" as used herein refers to an amount of PPS
or a salt thereof incorporated into a pharmaceutical composition which is effective when
given one or more times daily for a prescribed period of time (which period may be
commenced prior to, concurrently with or after the initiation of cyclosporin therapy) in
preventing or substantially diminishing the nephrotoxic effects of the administered
cyclosporin.
In human patients, a total daily dosage of PPS or PPS salt of about 2 to
about 50 mg/kg, and preferably about 5 to about 30 mg/kg of patient body weight, or
about 140 to about 3,500 mg per day in adult patients (and preferably about 350 to

about 2,000 mg) administered in one to four divided doses, is effective in achieving the

therapeutic goal of preventing, reducing or reversing cyclosporin-induced nephrotoxicity



| esions or scarring in the kidney interstitiuminduced by adm nistration of
a cyclosporin or tacrolinus to a manmal i an patient, said nethod conprising
co-admnistration to the patient of a pharmaceutical comnposition containing
an effective nephrotoxicity-reduci ng anount of pentosan pol ysul fate (PPS)
or a pharmaceutically acceptable salt thereof. 2. A nethod according to
claim1 wherein said patient is already receiving cyclosporin or tacrolinus
therapy. 3. A nethod according to claimZI wherein said pati thAr?rﬂ 2§§3ut to

(RCeLVe CYChRPRIENBpBy! AR SAIE e ifAEDe dhsads PRIGI0RE0L 8 BY LR EALT |

wherein a dose 0 pharnmaceu 0S| N ng PPS

salt is adm njstere i it i LS. ..prjQr. t t oget h W th
or within Z'ﬁ&k%g.&s%%@@é%@ﬁ? Ig‘t% (E)érg%?%%grb ?H?élre Q{hzl’cs ocle%uasndgtaﬁinﬁg"sr? rogheon.
5. A nmet hod a%;:tordi ng to claim1 wherein said cyclosporin or tacrolinmus is

admi ni st er P8 Y he patient orally or parenterally. 6. A method according

t laim 1 wh i i d ti.cal Lt t.ai ni PPS | PPS
salt |5 adn i ster it & ORLeNaE e TGrLIqhy RS N aREdPdr Py vefmart & 1B
consi sti ng SIMERIASERSS FHePRThPbaGHezn B SoTRBRGR COPAI TG 2B BPEi™h 7
wher ei id ' in i ' iin A, 9. A nethod,.. di .claim1
wher oi 1 5 SEFPLE! SR RGUnEP S A PR AP Rl cOR PRATRGHIGAN: FRRPILIE ert
adm nistered to, the_patient to provide a total daily dose o 20 4 ril
2002 about - BOGISBodheso RGP Brovyia T ey SHoderdiirgecaicatisseod iy Bihbout
3,500 ng of PPS or a pharmaceutijcally acceptable salt thereof. 10. A nethod
accor di ng t & REEferakly apEaly 3dreinisterad idP§ario8Mi s about 5 to about 30

Dosage forms for oral delivery may include conventional tablets, coated
tablets, capsules or caplets, sustained release tablets, capsules or caplets, lozenges,
hiquids, elixirs or any other oral dosage form known in the pharmaceutical arts.

As pharmaceutically acceptable inert ingredients there are contemplated
fillers, binders, solvents, etc. which do not interfere with the desired activity of the PPS
Also, fillers such as clays or siliceous earth may be utilized if desired to adjust the size
of the dosage form.

Further ingredients such as excipients and carriers may be necessary to
impart the desired physical properties of the dosage form. Such physical properties
are, for example, release rate, texture and size. Examples of excipients and carriers
useful in oral dosage forms are waxes such as beeswax, castor wax, glycowax and
carnauba wax, cellulose compounds such as methylcellulose, ethylcellulose,
carboxymethylicellulose, cellulose-acetate phthalate, hydroxypropyicellulose and
hydroxypropyimethylcellulose, polyviny! chloride, polyvinyl pyrrolidone, stearyl alcohol,

glycerin monstearate, methacrylate compounds such as polymethacrylate, methyl



mg/ kg or about 350 to about 2,000 ng. 11. A method according to claim1l
wherei n said pharmaceutical conposition is an orally adm ni stered dosage
form 12. A nethod according to claim 1l wherein said dosage formis
selected fromthe group consisting of conventional or sustained rel ease
tablets, coated tablets, capsules, caplets, |ozenges, liquids and elixirs.
13. A nethod according to claim 11 whe[q' sai d dosage form

1N | ncl, at
| east one pharmaceutically acceptable i né)r‘t i ngredient. 14. %&9\5’?2@@2

ol vent | “exBrefiEnfag i ihiied SES! diAGE ahal ARt Bveblo nidtoBiRe |

sai d dosage_form contains about 50 to about 300 ng per unit of PPS or a
phar naceuti%Lé{Pf‘y acceptable salt thereof. 16. A nmethod according to claim

L4 uhereln 52l 0 POALRC R SRl ROTHRSL LU ek PP IBE gL
Stearat e, e AuEhos BPARAObIR AR Eb bk AL T 08 1L BSHE A
2Ce0T 0 19, Lk e S e SRR SRR B BrAlhoiind
said pati en%reiatsed%ngl{ggghyeggaill%pn;r'acteristics of the patient, such as age and body weight.

The active pharmaceutical ingredient can be PPS or a pharmaceutically
acceptable salt thereof, e.g., the sodium salt. One preferred oral dosage form for use
in the method of the invention is Eimiron® gelatin capsules (Baker Norton
Pharmaceuticals, Inc., Miami, Florida) which contain 100 mg of PPS sodium and, as
excipients, microcrystalline cellulose and magnesium stearate.

Although the oral route of administration is preferred, the present method of
treatment also comprehends the administration of PPS or a salt thereof via the
parenteral, transdermal, transmucosal routes or via any other routes of administration
known and conventionally utilized in the medical and pharmaceutical arts Likewise, the
compositions of the invention may include PPS in pharmaceutically acceptable
parenteral, transdermal, transmucosal or other conventional vehicles and dosage forms
together with suitable inert solvents, excipients and additives. Many examples of such
pharmaceutically acceptable vehicles can be found in Remington's Pharmaceutical
Sciences (17th edition, 1985) and other standard texts. Whatever route of
administration or type of pharmaceutical dosage form is used, the daily dosage range
for the PPS active ingredient is from about 2 to about 50 mg/kg of patient body weight

or about 140 to about 3,500 mg in adult human patients, and preferably about 5 to



20. A nethod of providing i nmunosuppressive therapy to a mammal i an pati ent
in need of such therapy while preventing or reducing the devel opnent of
nephrotoxicity or renal dysfunction involving fibrotic |esions or scarring
in the kidney interstitium said nethod conprising co-admnistration to the
patient of an effective immunosuppression-induci ng anount of a cyclosporin
or tacrolinus and an effective nephrotoxcity-reduci ng anoun 2&8 osan
pol ysul f at e (PPS) or a pharmaceutically accept~.ble salt th

met hod 6660@8 h@/gpsa;egaps%ra%bmzao@tpﬁ. afhofa.tgﬁ gg&smbuﬁ@'t aggﬁe'htlon

cont ai ni ng 't is admni'steréd to ent W|t

prior to, t %@ Qﬁ’cﬁ of¥har ge‘%&um Hro%éﬁlgg%éué@%% S)%antél%l Sdﬁgrgs?ﬁf]’[)hn or

tacrolinmus mnlstratlon to claim erein said

cycl osporin or tacr—mle accor @B%gﬁiﬁ iedi g‘?h%ﬂﬁétﬁ&g of’{h%h’nluyen%ﬁn may

parenterally. 23. A alm

phar maceut i ﬁ@llud %@R@éﬁ,{éjrgaleﬁg%ﬁﬁ%rrlhgrg Eﬂ%sopé Fps P§It5f'6| gfxbgmp‘?edr&ﬁgrsér%%%d to

the patient orally or renter net hod "accor to clai

wherei n sai 0,

cycl ospori n‘gh@{t f g%gilrpnhgd 'uS%faﬁh @%V%{tgglcotcf)? |8§ Y- 'ﬁﬁlgéérﬁﬁs %gn%nerrg?%e hi d
cyclosporin is.cyclosporin A 26. A method accordl ng to claim 21 wherein a
sufficient t&?ﬂ?ﬁ ht of said pharmaceutical conposition is adm nistered to the
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up to several days before), concurrently with the cyclosporin or tacrolimus therapy
and/or for a suitable period of time after termination of the cyclosporin or tacrolimus
therapy. In a preferred embodiment, at least one dose of PPS or PPS salt is
administered to the patient within 24 hrs. prior to, together with or within 24 hrs.
subsequent to cyclosporin or tacrolimus administration. The PPS composition may be
administered to the patient at the same time as the cyclosporin or tacrolimus
composition but in a separate dosage form, or it may be administered to the patient at
different times of day than the cyclosporin or tacrolimus-containing composition.

Alternatively, in a further embodiment of the present invention, combination

PPS (or PPS salt) and cyclosporin (or tacrolimus) dosage forms may be administered
to mammalian patients requiring immunosuppressive therapy. Such combination
dosage forms contain an effective immunosuppression-inducing amount of either a
cyclosporin or tacrolimus, for example, about 25 to about 200 mg of cyclosporin,

preferably CyA. The combination dosage forms also contain an effective

nephrotoxicity-reducing amount, e.g., about 50 to about 500 mg, of PPS or a PPS salt.



29. A nethod according to claim 21 wherein said pharmaceutical conposition
is a parenterally adm nistered dosage form 30. A nethod Geccording to claim
20 wherein said pharnaceutically acceptable salt is the sodiumsalt. 31. A
met hod according to claim20 wherein said patient is a human patient. 32. A
pharmaceutical conposition containing an effective i nmunosuppression

i nduci ng amount of an i munosuppressive agent sel ected fron1t& ST 0R4P
consisting of a cyclosporin or tacrolinus and an effective P

phar mccut (24 S GEEGAEBIBHLketh, A QRO Bt B eaSlecl odympet  on
accor di ng tod@h%ké&ég’za%&l&ds%'egelh . ngogngrtng?séoggalﬂggr% Iphagrgg%‘suhcauy
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el oo n bed from the oroun consi s{iing. gi cyel osnorine A L hr ough
7 38 A coaf:g%eﬁﬁ HEEE oI, B Mis YR ikt o Bleis L Bt Pt oot
250 f t 5 500 f PPS PPS lt. 36.
A CO%OSI ti e Orriff”ﬁréa 8%BE§§W%'|GHSE%Pha%°& I 6t§por?:1 is cflgl osporl n
A. 23 4 I whi ch
orally admAﬁlrlst er eg%ao%ya?bo?ppﬂ?ﬁﬁ’%étél'sogu%%w& &Iet ﬁ\?ﬁpﬁ'ﬂz@ PG N6 @I%II‘I?P 7

wherein said osa formlsds
applcat to proviace lmmunosuppressmn or to treat autoimmune or

immunoinflammatory diseases is CyA, also known as cyclosporine. However, the
administration of a PPS composition in accordance with the present invention
concomitantly with cyclosporin to prevent nephrotoxicity may be practiced with any
cyclosporin, for example, cyclosporins A through Z and derivatives thereof. Moreover,
any of cyclosporins A through Z or any other cyclosporin may be employed in a
combination dosage form together with PPS or a PPS salt in the novel combination
dosage forms of the invention. Also, because the intracellular signalling pathways and
renal toxicity profile of FK-506 or tacrolimus resemble those of CyA, it is likely that the
toxicity related to tacrolimus administration should also be ameliorated by co-
administration of PPS or a PPS salt.

The structures of cyclosporins A through Z (all cyclic undecapeptides) are

shown in Table 1.



fromthe group consisting of conventional

‘coated tablets, . .
conposition according to claim 37 wherein said dosage formincludes at
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CyN Mebmt Nva | Sar | Meleu | Val | Meleu | Ala | D-Ala | MeLeu Leu MeVal

CyO MeLeu Nva | Sar | MeLeu | Val | MelLeu | Ala | D-Ala | MeLeu Meleu | MeVal

CyP Bmt Thr Sar | Meleu | Val | MeLeu | Ala | D-Ala | MeLeu Meleu | Meval

CyQ Mebmt Abu | Sar | val Val | MeLeu | Ala | D-Ala { MelLeu MelLeu | MeVali

CyR Mebmt Abu | Sar | MeLeu | Vai | Leu Ala | D-Ala | MeLeu Leu MeVal

CyS Mebmt Thr Sar | Val Val | Meleu | Ala | D-Ala | MeLeu MeLeu | MeVval

CyT Mebmt Abu | Sar | MeLeu | Val | Meleu | Ala | D-Ala | MeLeu Leu MeVal

Cyu Mebmt Abu | Sar | Meleu | Val | Leu Ala | D-Ala | Meleu MelLeu | MeVal

Cyv Mebmt Abu | Sar | MelLeu | Val | Meleu | Ata | D-Ala | MeLeu Meleu | MeVval

CyW | Mebmt Thr Sar | MelLeu | Val | Meleu | Ala | D-Ala | MelLeu Meleu | Val

CyX Mebmt Nva | Sar | MeLeu | Val | MeLeu | Ala | D-Ala | Leu Meleu | Meval

CyY Mebmt Nva | Sar | MelLeu { Val | Leu Ala | D-Ala | MelLeu Meleu | Meval

CyZ MeAmi- Abu | Sar | MeLeu | Val | MeLeu | Ala | D-Ala | Meleu MelLeu | MeVal
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duration of the study The first group (control) was then administered 15 mg/kg/day of
CyA by injection for a period of 45 days. The second group was administered the same
dosage of CyA as the first group but also received daily injections of 10 mg/kg of PPS
(ELMIRON®) for the 45-day period. At the end of the study period the animals were
sacrificed and their kidneys examined microscopically and by morphometric evaluation.

As reflected in the photomicrographs in FIGS. 1A and 1B, the kidneys of the
control group rats exhibited large areas of interstitial fibrosis. There were a small
number of inflammatory cells embedded within the fibrotic areas. The kidneys of the
rats receiving both CyA and ELMIRON® revealed that most tubules were closely packed
together, as in the normal condition, and showed a clear decrease in the amount of
fibrosis or cellular infiltrate between the tubules.

The amount of interstitial fibrosis in each of the test groups was assessed
quantitatively by morphometric examination of the kidneys. As shown in FIG. 2, there
was approximately a 50% reduction in interstitial fibrosis in the ELMIRON?® treated rats.

The glomerular size in the kidneys of the rats in the control and ELMIRON®
treated groups were measured by image analysis. Fifty glomerul, sequentially
encountered, were evaluated using a standard morphometric technique. As reflected
in FIG. 3, the average volume of the glomeruli in the group recewing both CyA and

ELMIRON® injections was significantly greater than the glomerular volume in the control
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duration of the study. The first group (control) was then administered 15 mg/kg/day of
CyA by injection for a period of 15 days. The second group was administered the same
dosage of CyA as the first group but also received daily injections of 10 mg/kg of PPS
(ELMIRON®) for the 15-day period. At the end of the study period the animals were
sacrificed and their kidneys examined microscopically.

FIGS. 4A and 4B are photomicrographs showing cross-sections of glomeruli
from kidneys of a rat from the control group (FIG. 4A) and from the ELMIRON® treated
group (FIG. 4B), respectively. In FIG. 4A a small (afferent) arteriole which has
“fibrinoid" necrosis involving its entire wall may be seen just to the right of the
glomerulus (in the center of the field).

By contrast, there are no lesions in the afferent and efferent arterioles at the
glomerular vascular pole shown in FIG. 4B.

The number of "fibrinoid" lesions in afferent arterioles was assessed in the
kidney of the control and ELMIRON® treated groups as well as in a group of normal,
untreated Sprague-Dawley rats. Fifty sequential vascular pole regions were assessed

in each kidney. As reflected in FIG. 5, the number of lesions found in the ELMIRON®

treated group was significantly less than in the group of animals receiving CyA alone.
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this form of CyA.

A second group of 10 Sprague-Dawley rats received CyA (10 mg/kg) in olive
oil as well as PPS (ELMIRON®), 5 mg/kg, in water by gavage. Whole blood samples
were taken from the animals at the same intervals as in the control group, and CyA
levels were measured. The average values for the group at each time interval are
reflected in FIG. 6B.

It will be noted that the curve shown in FIG. 6B resembles that seen in FIG
BA, although inter-animal variation was considerably decreased. These results indicate
that the co-administration of oral PPS with oral CyA does not impair the gut absorption
of the CyA or decrease the blood levels achieved. Similarly, the concomitant

administration of PPS did not affect the plasma disappearance of CyA.
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cyclosporin or tacrolimus therapy.
4. A method according to claim 1 wherein a dose of said pharmaceutical
composition containing PPS or a PPS salt is administered to the patient within 24 hrs. prior
to, together with or within 24 hrs. subsequent to cyclosporin or tacrolimus administration.
5. A method according to claim 1 wherein said cyclosporin or tacrolimus is
administered to the patient orally or parenterally.
6. A method according to claim 1 wherein said pharmaceutical composition
containing PPS or a PPS salt is administered to the patient orally or parenterally.
7. A method according to claim 1 wherein said cyclosporin is selected from the
group consisting of cyclosporins A through Z.
8. A method according to claim 7 wherein said cyclosporin is cyclosporin A.

9. A method according to claim 1 wherein a sufficient amount of said

pharmaceutical composition is administered to the patient to provide a total daily dose of
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caplets, lozenges, liquids and elixirs.

13. A method according to claim 11 wherein said dosage form includes at least
one pharmaceutically acceptable inert ingredient.

14. A method according to claim 13 wherein said inert ingredient is a filler, binder,
solvent, excipient or carrier.

15. A method according to claim 11 wherein said dosage form contains about 50
to about 300 mg per unit of PPS or a pharmaceutically acceptable salt thereof.

16. A method according to claim 14 wherein said pharmaceutical composition is
in the form of a gelatin capsule containing PPS sodium, microcrystalline cellulose and
magnesium stearate.

17. A method according to claim 1 wherein said pharmaceutical composition is
a parenterally administered dosage form.

18. A method according to claim 1 wherein said pharmaceutically acceptable sait

is the sodium sait
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amount of a cyclosporin or tacrolimus and an effective nephrotoxicity-reducing amount of
pentosan polysulfate (PPS) or a pharmaceutically accepteble salt thereof

21. A method according to claim 20 wherein a dose of a pharmaceutical
composition containing PPS or a PPS salt is administered to the patient within 24 hrs. prior
to, together with or within 24 hrs. subsequent to cyclosporin or tacrolimus administration.

22. A method according to claim 20 wherein said cyclosporin or tacrolimus is
administered to the patient orally or parenteraily.

23. A method according to claim 21 wherein said pharmaceutical composition
containing PPS or a PPS salt is administered to the patient orally or parenterally.

24, A method according to claim 20 wherein said cyclosporin is selected from the
group consisting of cyclosporins A through Z.

25. A method according to claim 24 wherein said cyclosporin is cyclosporin A.

26. A method according to claim 21 wherein a sufficient amount of said
pharmaceutical composition is administered to the patient to provide a dose of about 2 to
about 50 mg/kg of patient body weight or about 140 to about 3,500 mg of PPS or a

pharmaceutically acceptable salt thereof.



1098"8&' ()- 1098"8& ()- 1098"8& ()- @sst\ttt|[:NA41010 ,1098"8& ()- F
- *1098"8& ()- (MLOYB"8& ()- 3 &109%B"8& ()- $1098"8& ()- 3

"1098" 8& () -t %j uuuuuuuvU410 "10% " & ()- | 10% " & ()-108"8108" 8108" 8
2"1098"8& ()- Y 01098"8& ()- Y .gl09%B"8& ()-u/ vAvvv"wiw [ : vU410

L10% " & ()- 10%"& ()- Lyl0%"& () %"& ()- 9 10%"& ()- 9y
"10% " & () - Fuwwwf xxx| [ : vU410 10%"&'5722? s 10%" & ()- 10%;‘{
S10%"& ()- ° "10%"& ()- 10%"& ()-x y[yyyOzcz|[:vU410 6%"%9‘23
"10% " & ()- &L0%"& ()- $10%"& ()- "10% "& ()-
10% " & () -czzz) {<{={>{ ?{ B{| obU410 109K% K& ()-10r"10r"10r" 210% "& () -

L AN e s e ‘jb%%ﬁ’{@%ﬁ(@
sooos k" 4’%%?&%3’8? 5 Lokde K 2310908 ke ()- 31 " 10%08 ke () -
] 008 G SIS o AL )i LRSS G010 K
109%& () - 10K%§$/0K‘V' ‘{sie"‘éép%%g%ﬁrf? 1096 & ()- 9109 & ()- 10% & ()-

9y10% & TP % c?i | [: A410KW K ~&10% & ()- $10% & () -
n 0 1
10%& ()- L 29. A method according to claim 21 wherein said pharmaceutical compasition

is a parenterally administered dosage form.

30. A method according to claim 20 wherein said pharmaceutically acceptable
salt is the sodium salt.

31. A method according to claim 20 wherein said patient is a human patient.

32. A pharmaceutical composition containing an effective immunosuppression-
inducing amount of an immunosuppressive agent selected from the group consisting of a
cyclosporin or tacrolimus and an effective nephrotoxicity-reducing amount of pentosan
polysulfate (PPS) or a pharmaceutically acceptable salt thereof.

33. A pharmaceudtical composition according to claim 32 wherein said
immunosuppressive agent is a cyclosporin.

34. A compaosition according to claim 33 wherein said cyclosporin is selected
from the group consisting of cyclosporins A through Z.

35. A composition according to claim 34 which contains about 25 to about 250
mg of cyclosporin and about 50 to about 500 mg of PPS or PPS salt.

36. A composition according to claim 35 wherein said cyclosporin is cyclosporin
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38. A composition according to claim 37 wherein said dosage form is selected
from the group consisting of conventional or sustained release tablets, coated tablets,
capsules, caplets, lozenges, liquids and elixirs.

39. A composition according to claim 37 wherein said dosage form includes at
least one pharmaceutically acceptable inert ingredient.

40. A composition according to claim 39 wherein said inert ingredient is a filler,
binder, solvent, excipient or carrier.

41, A composition according to claim 32 which is a parenterally administered
dosage form.

42. A composition according to claim 32 wherein said pharmaceutically

acceptable salt of PPS is the sodium salt.



