Treatnment of Chronic Kidney D sease (CKEi) Subjects using Lant hanum
Conmpoundswo 200§/49672ihi s application clains the benefit ofrdd S20d8aE08
Application Serial No. 5 11/272,563 filed on Novenber 9, 2005, which
is hereby incorporated by reference. 1. FIELD OF THE I NVENTION [ 2]
This invention relates to the treatnent of subjects at risk for
chronic kidney disease (ClCD), having stage one to four Cl CD,
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complications of CKD is elevated blood phosphate levels resulting from the inability
of the kidney to remove phosphate from the body by urine secretion. Excess
20  phosphate levels in the blood result in CKD subjects developing hyperphosphatemia.
The number of CKD subjects with hyperphosphatemia in the United States will

increase from approximately 1 million in 2005 to approximately 2.8 million in 2020,

[004] Currently, the Food and Drug Administration (FDA) has limited the
treatment of hyperphosphatemia using phosphate binders to subjects with “End-

25  Stage Renal Disease” (ESRD), i.e., stage five of CKD. This sub-population of
CKD subjects represents only 1% of the total CKD subject population.
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risk for CKD or who have varying forms of CKD not amounting to ESRD. This

25 invention is based on the surprising finding that such subjects and subjects
susceptible to or suffering from soft tissue calcification associated with CKD or
secondary hyperparathyroidism can also benefit from the administration of

lanthantm compound-based phosphate binders.

3. SUMMARY OF THE INVENTION



[.10] As used herein, the terns "treat,"” "treating," or "treatnent”
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CKD,. soft tissue calcification, secondary hyperparathyroidism, or other as yet

undiscovered conditions requiring control of phosphate absorption. For example,
treatment of a subject at risk for or having one of stages one to four of CKD can
mean the reduction of abnormally high serum phosphate levels; the prevention of

25 soft tissue calcification; or the reduction of abnormally elevated parathyroid
hormone (PTH) levels. '

[011] The term “symptorm(s)” of those at risk for or having CKD, soft tissue
calcification associated with CKD, or secondary hyperparathyroidism may be any
functional or structural abnormality experienced by a subject and indicating kidney
30 dysfunction, e.g., those described in Section 4.3, infra. .Among other



.l'ant hanum acetate, |anthanum | actate, other organic salts of
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five different stages of CKD (AmJ Kidney Dis. 2001, 37(suppl
1): 81-8238{)314]Thmtﬁanhinombmgnmés)lmeﬁﬂ dui diesmethod\®f the invention include
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[015] Lanthanum salts which may be utilized include lanthanum carbonate,
lanthanum carbonate hydrates, lanthanum hydroxycarbonate, lanthanum chloride,
lanthanum acetate, lanthanum lactate, other organic salts of lanthanum, lanthanum
25  oxide, and lanthanum hydride. Lanthanum hydroxycarbonate is further described in
U.S. Provisional Patent Application No. 60/591,105, filed July 27, 2004, entitled
“Method of Treating Hyperphosphataemia using Lanthanum Hydroxycarbonate.”
Lanthanum acetate used in a method of this invention has a possible additional benefit of

increasing the pH buffering capacity in the body.



description of each of the five stages of CICD and the GFR ranges for
each of tWe2xFer1 Fi ve Stages of Chronic Kidney D sea®PeTUSTD6BbEgE
Description GFR (mdm n/ 1. 73n2) At risk 90-120 (with CKD synptons) 1
Ki dney damage with normal or el evated GFR > 90 2 Ki dney danage with

midly r ecwi: fﬁdUs%?ul? Pagﬁzgn%m carbonates or lanthanum carbonate hydrates have the
formula: Lax(COs)s*xH20, wherein x has a value from 0 to 10. Preferably, x has a
value from 3 to 8, desirably from 3 to 6. Most preferably, X may have an average
value of about between 4 and 5. The hydration level of the lanthanum compound can
5 be measured by methods well known in the art, such as thermo gravimetric analysis
(TGA).

4.3. Chronic Kidrey Disease (CKD)

[017] The National Kidney Foundation-Kidney Disease Qutcomes Quality Initiative
(“NKE-K/DOQI” or “K/DOQL” as referred to herein) has defined chronic kidney
10  disease (CKD) as either (1) having kidney damage as defined by structural or
functional abnormalities of the kidney for 3 months or longer with or without a
decreased glomerular filtration rate (GFR) or (2) having. a GFR of less than 60
ml./min/1,73 m? for 3 montbs or longer with or without kidney damage. Structural
or functional abnormalities are manifested by symptoms such as either pathologic
15  abnormalities or markers of kidney damage, including abnormalities identified in

imaging studies or the composition of blood or urine,

[018] Examples of markers of kidney damage include a plasma creatinine
concentration of above about 1.6 mg/dL and a blood urea nitrogen (BUN)
concentration of above about 20 mg/dL. Typically, both of these markers are
20 elevated in individuals with CKD, Additional markers 6f kidney damage can
include hematuria (f.e., any detectable amount of bloed in the wrine), proteinuria
(i.e., protein concentrations in urine above about 100mg/dL), albuminuria (i.e.,
albumin concentrations in wvrine above about 100 mg/dL}, an intact parathyroid
hormone (PTH) concentration in the blood above about 150 pg/mL, or blood
25  phosphate levels of above about 4.5 mg/dL. One specific marker of kidney disease
is a GFR rate above normal (f.e., a GFR above about 90 ml./min/1.73 m?,

however a below normal GFR also indicates CKD.

[019] K/DOQI has published guidelines that define five different stages of CKD
{Am J Kidney Dis. 2001, 37(suppl 1):81-8238). The following table provides a



.3 Moderately reduced GFR 30-59 4 Severely reduced GFR 15-29 5 Ki dney
Fai |l ure (WGRmM)7/056123 (or dial ysis) [ 20] Hyper phosphat emCa/uspo0GkE598
subj ects has several secondary effects. Wien a 5 subject suffers from
hyper phosphat em a, excess serum phosphate precipitates serum cal ci um
causi ng widespr.ead_ectopic extraskeletal calcification, Unwanted
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I ncr eased gfabgk of cardi ovascul ar conplications that often lead to
death. Additionally, increased serum phosphate decreases intestinal

cal ci um absorption. These two nechanisnms work 10 concurrently to
reduce serum cal ci um Fisgdliages of Ghyon i (GT )

| evel s canStagat fi bute to anDepripdigse i n t he pr od@ERi(wh/min/bA3mbdhyr oi d
hornone ((PTH) apd to the deveAbpskent of secondary 90-120 (with CKD
hyper par gt hyr oi di sm _Furthernore, recent studi@s shosynipeais)hi gh
phosphat g | evel Slﬁaﬁby&iajﬂmmendﬁﬁal of¥1OAaiGIn [directlygand Tead| to
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to a par ﬁly4 orflectony DRI Walley Gere V- 1520

5 Kidney Failure (ESRD) < 15 (or dialysis)

[020] Hyperphosphatemia in CKD subjects has several secondary effects. When a
5  subject suffers from hyperphosphatemia, excess serurn phosphate precipitateé serum
calcium causing widespread ectopic extraskeletal calcification. Unwanted calcium
deposits can occur in cardiovascular tissue, resulting in an increased risk of
cardiovascular complications that often lead to death. Additionally, increased serum
phosphate decreases intestinal calcium absorption. These two mechanisms work

10 concurrently to reduce serum calcium levels,

[021] A reduction in serum calcium levels can contribute to an increase in the
production of parathyroid hormone (PTH) and to the development of secondary
hyperparathyroidism. Furthermore, recent studies show that high phosphate levels
can stimulate PTH production directly and lead to secondary hyperparathyroidism.
15 Continual stimulation of PTH secretion induces hyperplasia of the parathyroid gland

and may lead to a parathyroidectomy becoming necessary.

[022] It is believed that the method of the present invention involving the
administration of lanthanum compound phosphate binders not only reduces plasma
phosphate levels but ameliorates the effects of CKD in subjects susceptible to or
20 having any of stages one to four CKD, including hyperphosphaternia, ectopic
extraskeletal calcification, serum hypocalcemia, and secondary
hyperpardathyroidism. It should ho;Never, be understood that this invention is not

limited to any particular biochemical or physiological mechanism.

4.4, Methods of Treating Chronic Kidney Disease (CKD)
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heart 3@l vE@Ss5] ABbthérS emBbdifhedn df hn@gﬁéseﬁti sfveion4isOa Meib@dsy @bating
Treating Secondary Hyperparathyroidism|[027] Yet another enbodi nment
of the pre<&ncaier, 8hEeibHsE agsORigteRh It riB & Sukjesi pyving: 2 symptom or '

symptoins of CKD, by administering to the subject a pharmaceutical composition
containing as an active ingredient a therapeutically effective amount of a non-toxic

lanthanem compound.

25 [026] Calcification can occur in any soft tissue. Soft tissue can include arterial

tissue, cardiac muscle, heart valves, joints, skin and breast tissue.

4.6. Methods of Treating Secondary Hyi:erparathyroidism

[027] Yet another embodiment of the present invention is 2 method to treat a subject

suffering from or having one or more symptoms of secondary hyperparathyroidism

30  comprising administering to the subject a pharmaceutical composition containing as
7



suffering fromor having one or nore synptons of secondary

hyper par amM@y061/e86%h 30 conpri sing adm nistering to the PabjEs2006:060598
phar maceuti cal conposition containing as 7 an active ingredient a
therapeutically effective amount of a non-toxic |anthanum conpound.

[ 028] Hyper par.at hyr d| sm is defiped_as a disease in a subject having
TN A R bl ngrecper ort SrvRne. of
hyper par at M@hﬁh smi ncI ude 5 hypocal caema (i.e., a blood cal cium

| evel bel ow about 8.5 ng/dL), hyperphosphat er ni a (i.e., a blood
phosphate | evel of above about 4.5 ng/dL), .and bone disorders %e g.,
bone fract (fP8k HyperpaspiByngisisey is defiped %@rﬁlﬁ%@ﬂﬁ ArTert daving an intact P

Ther apeut | &l ofthf 2415 ML ATl Wkl BN CATRON A 10,(42°)

The | ant hanum conpound “or a m ni s I'naccordance
with thds hypeesitaemia |($esuwt abloyd adaiummstleveéd%lnwdoeﬂmgte 8.6r nag/MRBY,yi ng

from 125 tp 20 0 Ierre a typi.cal ,dosage for, an
adul t can ﬁ@ g‘ gﬁﬁéﬁ{f;oa%ﬁtﬁ}vg}\?rg% ‘%P@IOBI' a4l I§7g/gle‘}1é‘nf}osage
is 375- 37590ﬂ§m£sdﬁ1¢;3 (}@e %ﬁ@ﬁamsbﬁbéﬂe hged and taken with each neal,
for exanple 250, 500, 750, or 1000 ny tab et, 15 e.g., three tines

d Ser, I I or, ed week dosages can
e od 11 oa i ARIER Bh O TAeaReR G ABgEM otahy Lanthanim
Adm ni stration may be conducted |F°§W“ﬁ‘i‘ﬁl nterrupt ed reginmen; such a
regi nen, na termre nent re |rren for
g R (7 er g e g R T R T AR A
oral l'y adninf isteati@is 'sﬁitdbl}eacﬁxﬁﬁi@@efbﬁ ih abhgd ﬁrmeaaryﬂg FHEE5 16 NOYRRLE

formul ations, or the like. Due to their renal subjects with
Cl CD need %elmwtl laxghanpm) | 4y dyrical ﬁpegeformeﬂndelrc@a@be,ae £ o3 me-605A of a

| ant h
I ?gui gniu;n ]glgm r bI eBﬁ%refe szr’rpe?lg %&@F\ggnﬁﬁsa%%oég}dag]u ;’%ﬁ %fe orm
of, e.g., disgddd and:taloeihwdh'caxﬂﬂ mea, fopewndaple 260, i)ﬂeVﬁ@i cgrﬁ)ﬂﬁln@tableay be

sprink donf The | ani han nd is adm steredln
£ or mil if’ oo SRR B SRt S PR VR R P R eokly i g
| east as |§M1a®§ éahoﬁfﬁ riideredd egkilbyn dpiBAN serum phosphate level is reached.

Administration may be conducted in an uninterrupted regimen; such a regimen may

be a long term regimen, e.g., a permanent regimen, for treating chronic conditions,

[030] The lanthanum compound may be orally administered in the form of tablets,
20  capsules, chewable formulations, or the like. Due to their renal problems, subjects
with CKD peed to limit their liquid intake. Therefore, a formulation of a lanthanum
compound that can be taken with no or limited amounts of liquid is desirable. For
example, a lanthanom compound, in the form of, e.g., beads, crushed tablets,

powder, or sieved granules, may be ePrinlded on food.

25  [031] The lanthanum compound is administered in formulations such that plasma
levels of lanthanum are low, e.g., at least as low as those provided by a mean
concentration curve where Cmax, Tmx and AUC are preferably less than 1.5 ng/ml,
about 12 hours, and less than 50 ngshr/ml, respectively, for a dose of 3 g per day
(e.g., 1 g three times a day). Preferably, the Cmax and AUC are less than 1.1 ng/ml

30  and less than 32 ng«hr/ml, and desirably, Comx and AUC are less than 0.5 ng/m! and

8



concentration curve where C., Tmax and AUC are preferably | ess than
1.5 ng/ MWORBGNS6TR2 hours, and | ess than 50 ng. hr/rnl, PE¥HSZUCHNENSI
for a dose of 3 g per day (e.g., 1 g three tines a day). Preferably,
the C. and AUC are less than 1.1 ng/m 30 and |less than 32 ng. hr/m,

and desi rapl ax .a AUC are |less,than 0.5 ng/xnl.and_ |e t han
20 ngar/ro ?Sy‘fh&?%&éﬁf%gsﬁﬁes}‘g}% 39535% &Y vZlugs ?;%FFP--‘%‘M W‘ﬁtﬁ%ﬁ‘?z& ed
by dose anghsepx @RCanAUICURE VWA Mndat SAtH Joskde! for b2 adRage®fup Qb al
dosages up to about 1500 ny/day. x and AUC val ues é)l at eau 1Por

dosages ab®wet ¥Hune/ds00 Grg/aad\AUC Arjuepplatepe 6 dostesirabevesbpgy 00 hei r
common neapi . I Pl I Rhhe formulation

admi ni st e?@gagi' t‘ﬁégﬁrﬁ%(g%{aﬁeﬁﬁw% gi%ﬁs%ﬁ%ﬁ&%gn%egn% itable for

adm nistration to renally inpaired subjects. The excipients nmay

i ncl udée® di [032hThe exsimienty wsed dm thel fotmilatintadmiplistereh by theoprbsent myemios such
as di sintegrants, l,or.s, and flavars/sweeteners be.added. to the
For mul at | oottty ok adiidiorrinan ta Yerktly fubalied Sulfeet o T osyvpisnds,
corn syr upmap! ingedaciabats, deindek) ia8®nabielsicdosds Chibiéd dgenty|steD e,

| ycasin, xylitol, lactitol, erythritol, mannitol, isomaltose,
pol ydext r odsDtegaRy sakors g flaporspyerianstsean Ry pdded o thaderogdpdion i n,
maltitol, isoroalt, |actose, sorbitol, mcrocrystalline cellulose

(such as Afgss]ebaitabﬁttﬁruef&@ cRPBEEhddE] HEM deRirREE ool $¥s) Aigoddbdnaide

Di - Pac_or Sugartab), confectioner's sugar, calciumsulfate dihydrate,
cal ci ul | aiseraslwoligaseselizritee Zlyppem, olypasil witinlc Heositol.s gorhriel, Ememiiobr 15

sol | de{ suSTIORR el A FosB> oG S0, b, bithol, BMBORMER Grl ™
e e e
or a . ) f )
G Dea CCofianehRten RO B AP, PEER' & webt SOl it hre tlaem
gl yceryl befepatigdaie, Pl fe Mbta@RARRL A8, [Bldeoly20 shitB& (shdh £HRR or

advantﬁ%eous to incorporate an antioxi dant, for exanple, ascorbic

aci d, but yFeueh). hgentoss Saehsay Eerstosely drastinli hplielyrad el selidn(Pushiasns t o
enhance t hgi Inf - Tabl et fornul ati ons nay be coated
accordi ng ?fgﬁmné% ﬁl:)%lgﬁvl\%%)f E%IOSG gljg?ct%a d

own | e art. As indicated bel ow, the
fornmulations may, if desired, incorporate one or nore 25farther
active i ngioedi &eefsl ubrigmy/glidantgiang Wendingflows agsots aahde abheenagfmpontos of

the respect] I ngr edi [Wae | . y t he
ur at i on opet . EREERLET Ikl Al BbRk el ob AT SR Ko it
dependi ng silicat, hedrogguied esgetable dile) glydepd thelsnhte @f giybetyvinontaleaaieh) ect s.
The precise dosage reginmen will be determ ned by the attending

physi CHGN [035] It can be advantageous to incorporate an antioxidant, for example, ascorbic
acid, butylated hydroxyanisole or hydroguinone in the formulations to enhance their

storage life.

[036] Tablet formulations may be coated according to methods well known in the
art. As indicated below, the formulations may, if desired, incorporate one or more

25  further active ingredients.

[037] It will be understood that the amounts of the respective ingredients
incorporated in the formulations and the duration of the treatment according to the
invention will vary depending on the requirements for treatment of individual

subjects, The precise dosage regimen will be determined by the attending physician

9



or veterinarian who will, inter alia, consider factors such as body

wei ght, 2 28@S&Beci fic synptons. The physici an or vet BETMHE2M06/N60BY
titrate the dosage of |anthanum conpound adm ni stered to a subject to
determ ne the correct dosage for treatnent. For exanple, a physician

can neasur S of . . 0oQd. 5 phps level) in, a
pati ent, [??é’gtgpl %}éggmﬁ)a‘p’fulgég é‘?ﬁﬁggﬂ%sgdﬁﬁ&ﬁoﬁ%gﬁgé‘%g&ﬁwﬁﬁﬁ’ é%ﬁ Thor a
week, and spacmh cugymptafit.er Thélq:o[hggg]lm Bfrsﬁéa&hﬂflﬁamyi ﬁmgepm@larohNﬁgteeoﬂoy
measuring the sanme synptom, . . S.. appl.ication Seria .

10/ 926, 33T coErpewliadministaied da R sibjedhip detemrnc g sPrestgsagadehanum

Conmpounds‘irehinlegfl ALIOMS RO arP el ' ] ication
o o000 GehirleBe £ Ap%n?l%’ ‘113,?‘ $dat IS&%&%?&?&?&&%@{%@ T

her ei n5 Amphodphate keyel) i € patisou pescribsrapaktivilao tantamoo Segee i spitiegdor i n
that application _can,h ed to treat subjects with tonms of CIO
a7 1P e Rl paf PR 457 o B R Aot borPortle BY PR % nanum
and Vi t amsam®sykiptp@39] Often, a subject suffering fromthe synptons
of CKI) is also vitamn D deficient because, his or her kidneys can

no | onger lize vitam, rohornones into the active |

ot abol i + A0S U aftiion S ook g Bhercoinhd Hebaton o
subj ects Ql‘cﬁlfp?ﬁin?q_,\éﬁdlaﬁlﬁl SURBHERS” Hilke AUt Domt &d fubAsHRE lak (ES.
metabolite of vitamn D. In another enbodi ment of the present

i nventlPon publirationy Noand09ai907R18S Ao dnE! 1itn 28@nis igeiperetedh bih refereaed n D
or an anahkg@g.;.of 'a'BBmi 14Ni t o] fferi.ng
fromthe sh;g/%pugorrs%gf% toca@él{\ﬁdétféﬁglp am ﬁr %og%ﬁ(??%?}%g.&i{eﬂ\%gl s of
25- hydr ox applichéion canD2 vagdetoliew sabjestaivitk syhgems th@Dabout 16 ng/ nL and
repl acenent treatnent ainms for |evels of greater than or equal to

oo TSRt R R

| evel s of greater than about 22 pg . 1040] Exanples of vitamn D

ourc } e 4 St I P anum
compoaad. oraN Ok, RCedtoPulirang @ h SRGHELERE chbist dib Vi
active metdafcientt Becafiseyiltianirnhé? (ilabysi tad alo, longem Inpitdbiolite) vithandl es of
Z\lj :,; ?glale e%?w‘#%%‘gﬂggpgﬁg%o gtaéo?i%e' (%d v?tat(lju%xﬁ;r gn%' iﬁr‘:r];a%gzc? {)hogglﬁt%t lg\rie?sl (r),

found in CKD subjects are believed to suppress the production of the active

metabolite of vitamin D. In another embodiment of the present invention, the

20  lanthanum compound, in combination with vitamin D or an analog of vitamin D, is
administered to a subject suffering from the symptoms of CKD to alleviate vitamin
D deficiency. Levels of 25-hydroxy vitamin D: are low at values less than about 16
ng/mb and replacement treatment aims for levels of greater than or egqual to about
16 ngfmL. Levels of 1, 25~dihydroxy vitamin D2 are low at values less than about

25 22 pg/mL and replacement treatment aims for levels of greater than about 22
pg/mL.

[040] Examples of vitamin D sources which may be so administered concurrently
with the lanthanum compound in this invention include 1,25 dihydroxy-vitamin D,
the active metabolite of vitamin D (calcitriol, rocalcitrol). Examples of suitable
30, vitamin D analogs include doxercalciferol (Hectorol®, available from Bone Care

Y
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International, Mddleton, W), and paricalcitol (Zenplar(r),

avai | abl e¥Or200W0ap13dt t Laboratories, Abbott Park, IL). [PET]USR06A6H598 D
can be formul ated and adm ni stered using routes as descri bed, supra.
Vitamin D can be conbined in the sane fornul ati on as the | ant hanum 5

conpound i I N dj f.f er.ent. nul.atl on . the | ant hanum
conpound. Olkge%%gg%ﬁ'l g‘é@%ﬁ%’ve ’oérndtq?g&}q%ﬁ?ﬁ R% rcoﬁ%%ﬁﬁ]ﬁ, MLBPLi se
dosage r eglLavetutdries, Aboarfank,Diyi | | be determ ned by the attending
physi cian or veterinarian who will, inter alia, consider factors such
as body i.ght...age and eci fi ynmpt Qns., Th hysi cian or

veteri na\r,\ﬁjggnnggugﬁﬁ a?agsf%gorﬂ}}]gﬁaé’ggfm%@%?ﬁﬁ “%ngdﬁinﬁf & dpegbddy a 10
subj ect t osgRd, erViiaftn Rk Bl RS t8he H5:8RIMBA s hd fdthahiin @
speci fic enbodi ment, 100 USP units of vitamn D iIs adm nistered once
per day’ arPmERoRRhehesiuba Li¥er Bunh differenh fivinnlagore pethe tlnthanum ¢nmpopsk  day
to a subje 4 i R 4. 7..2. Administration of a
Conbi nat i o}rg]é %Sglg%gﬁe%@g%géﬁiﬁjm ngangmlfgﬁnlpﬁ?ﬁiﬂr%elgr&%ﬁgpgﬁsﬁ%e SR A CAl ci um
Sour ce [ 48lamis Ddeilcbé Beernsibal/ley thela@Endsighplesitian of tverisatiahewhol wiin
hypocal caem a (,i.e.,..a blood cal cj um concentration bel ow about 8.5

o/ dl). | 4" f’fﬂ?’t %@Fﬂ%rnﬁatafsn%ﬁfe =8, bory ¥ elElt e AIORECIE SRR ARRUITES
conpound 'ﬁhgrﬁ@ﬁ_ﬁh ¥ SleRi Rigkidl 1P HHaRahE Qs LT RrabRh & 'dmnﬁﬁ&ﬁrfﬁ& p a
subject suffering fromthe synptons of CI'CD. 20 [044] Exanples of
fornms 1 cubstiendetamning fe cored dosignfasitsateread wi t h | ant hanum i ncl ude
cal cium carbonate (e.g., Tunas(r) available from G axoSm thlC i ne,
Uxbri dge, (ghdy nCRkgekb 410 aapbibet, ( P téﬁﬁ.u[a ' ]I:ﬁ%gfs bi
Bi ophar mac[gut]i élal slféb%ig]ca Rat on,’ @E?JS anc@%gﬁ : ]gjg (t:%r%dr)néﬂgglgages
( expr essedreaday imhe ngilanwa (coinpernd dpadnrinistgred fthroentifnes perldd#y @5 subject
grans/day.__A.cal Ci onpound can be conbined in the sanme fornul ation
with the Irgﬁ'fuﬂ%ﬁ?ﬁ%%pound or can be given in a different

formul ati on as the | ant hanum conpound. A cal ci um conmpound, whether in
t he presencd.7¢: Adlvsisistratiof of i Eombinatiem Tneatmeicomgbrisingtahior ndbemam

formul & i on, can be fornulGémporadcnddGaldismeivackeusi ng rout es as

descri bed,. supra. The exact dosage reginen for calciumw ||l be
[0431 As described above, CKD subjects often suffer from hypocalcaemia {i.e., a

blood calcium concentration below about 8,5 mg/dL), In a further embodiment of
this invention, a lanthanum compound is administered in combination with a calcium

source to a subject suffering from the symptoms of CKD.

20 [044] Examples of forms of calcium that can be co-administered with lanthanum
include calcium carbonate (e.g., Tums® available from GlaxoSmithKline, Uxbridge,
UK), calcium acetate (e.g., PhosLo® available from Nabi Biopharmacenticals, Boca
Raton, FL), and CaCl.

[045] Calciuiu dosages (expressed as elemental calcium) can range from 1 to 1.5
25 grams/day. A calcium compound can be combined in the same formulation with the
lanthanum compound or can be given in a different formulation as the lanthanum
compound. A calcium compound, whether in the presence or absence of the
lanthanum compound in the same formulation, can be formulated and administered

using routes as desctibed,, supra. The exact dosage regimen for calcium will be

11



determ ned by the attendi ng physician or veterinarian who will, inter
alia, comsoaesraseiors such as body wei ght, age and speeCriUus2006/060598
synptons. The physician or veterinarian nay titrate the dosage of

cal ciumadm nistered to a subject to determ ne the correct dosage for
treat nent. [ 04 I specific .enmbodi nent -2 t.abl ets  containing
ol o um arireeren e TRES AbSE & G RGP HEHID T 8L e,
4.7.3. Adniaplost ithi &0 bedy ave@mpbgsatahmpéafﬁﬁb bm§.0 Mrhé SiHPecib@nhanum
and Vitamin K [47] A subject suffering fromthe synptons of ow can
be vit am nveerBatiicnantitratg the dpsaasf Rasiuadainiviend tod subirst jordsteemine

i nvention, nd, in conbination wth vitamn K, is
adm ni st ertgggﬁéécg&é%%?@gﬁgﬁaﬁyéri ng fromthe synptons of CICD to
alleviate vitamn K deficiency. [48] Exanples of vitam n K sources

i ncl udeS vi 0464 I Kspecileyemlmgimngntnk} tabldts aentaining2al¢imenamguiha dandapumand
vitam n 1( Lgone).. 15 [049 itamn K can be fornul ated and
adm ni st ercgog{pl%ﬁ&ﬂ%eg%cg%‘éeng‘:'s&g%ssdgflyﬁéd, supra. Vitamn K can be
conbined in the same formnul ation as the | ant hanum conpound or can be
gi ven i n a4di.3. fAedemistfadiomoel a Joorbimadioh Hiredtoned thempristmy ipoizch e mAsad
descri bed above for the |ant hanumVitagiodnd, the preci se dosage

regimen for vitamn Kwll be determ ned by the attendi ng physician
or veteri nE¥7hA swhisciiufiering Grojmnthe symptoms of EKE} cazr bef vittngn K deffenas

body i ght e, and .specifigc s toms, .The physi.cian or .
veteri e i 2R AoaBis or' G SHERRCMenrol YRR Shmegrrdyring o a
subj ect t ocoieHikion neith Miamdr Kgcis sibginigerciiofo hr @djebEBiffering frbM] then a
specific enbodinment, 2.5 to 25 ng,. of vitam n K1 are adm ni stered once
per day an¥YTRNBSAL(IR R disHssiamink 4afsienckt ered three tines per day
to a subject 25 requiring treatnent. 5. EXAMPLE: Reduction in Renal
Cal ci fi cat j0a8] Bkdnlhidsrstt NAMEKTso8RkMBRtude FRddin®1 (BR8] vidiikp! us)
female rats %avai | able from Charl es R ver Laboratories in WI m ngton,
MA) were oKalpsnagesens).cwditamin K3 (fenpdione).100, 500, or 1500 ny
(salt)/ kg of Ianthanum carbonate for 104 weeks. Crl:CD (SD) Br
(VAFpI ys) {o;ag]avﬁmﬁﬁtﬁ Gaved ﬁﬁmﬁﬁ%tﬁa%ﬁae@lusﬁgtﬂa%@%,dega%édad' ng
m neral- zati on, as they age. At week 105, the pathol ogi cal
exam nat i ofkpef. Vilemia &%eﬁ}% befcomhined in dhes sanegs foymuiagionsd . the dBphanum
f‘g g: g);; In lrjmr:qt gdnypotrfr?do/ ?)1( Qaill?eogivai int fpgiﬁ%%f fo%ﬁ%ﬁé’ﬁe 3s5ht! ?&nﬂggérg %o%@fp(tnﬁld.

As described above for the lanthanum compound, the precise dosage regimen for

vitamin K will be determined by the attending physician or veteriparian who will,
20 inter alia, consider factors such as body weight, age, and specific symptoms. The
physician or veterinarian may titrate the dosage of vitamin XK administration to a

subject to determine the correct dosage for treatment.

[050] In a specific embodiment, 2.5 to 25 mg of vitamin K1 are administered once
per day and a lanthannm compound is administered three times per day to a subject

25 requiring treatment.

5. EXAMPLE: Reduction in Renal Calcification with Lanthanum Treatment

[051] Ct1:CD (SD) Br (VAFplus) female rats (available from Charles River
Laboratories in Wilmington, MA} were orally dosed once daily with G, 100, 500, or
1500 mg (salty/kg of lanthanum carbonate for 104 weeks. Cr:CD (SD) Br

—
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5 carbonate showed evi dence of pelvic/papillary mneralization,

wher eas apprzocioss2el y only 35% (n=60), 5% (n=60), and 1pTysusera6/0§oses
rats dosed with 100, 500 and 1500 ng (salt)/kg/day, respectively,
denonstrat ed evidence of pelvic/papillary mneralization.

Furt her nor approxi nptely 63% (n=120) of the rats t were not dosed
T ant HOARRRER, BB oThofiete\Byi WEHERO | Tahs Pebeloa, TBEHY
hyper pl asignéitaB6d, askindpays. M eeeaI05PRE %ihﬂiégﬁlzlye)%&hﬂaéﬂﬁ%f(tﬂe:m) :
23% (n=60), and 7% (n=60) of rats dosed with 100, 500 and 1500 ngy
(sal t)/ kg/kidnpys ofrthesp axs woepsrforgedronst r at ed evi dence of transitional
cell hyperplasia. Transitional cell hyperplasia is a response to

trauma ca @,nfﬁ; I ] PN i ,
thus m ne;{g I"'za plr%)ﬂﬁgt'% y%lpé%il%é?’gﬁigﬁgtsﬁ%?gfbsﬁ(ﬁidﬁiégd&ﬁggﬁi%@% Thi s
st udy iSndicegioese t lshowtde evidadceadefi npalvicpapibay of minardihaivnm odretzanat e
reduces renal calcificatjpon, X** .U lication Serial

No. 11/ 272,%8’&5”‘-%‘7%6 pulg 25 8 60 2% (‘tia%h%fhilﬁ?@g%éhh?@aé&%%’gvﬂf ons”
filed the 198/800a3ndass00n endd r(QHFME/dRR Phdspertivedy) Uémairhteg FviRRhc! efl by
reference herein. [55] The present invention is not to be limted in

scope by thsiprpdiary mincrdbationenFurthramene; pRRIOHBAIEIN03 % {amddl) afdhe ous
modi f1i cat 'r%%ﬁfwe%é‘ﬁ t'db!&f‘%:}(tﬂﬁﬂﬂﬁm&ﬂ%ﬁbﬁﬂe R el W RARSH A8 ALT &1 N
will be apparent to Those skilTed in & art from the foregol ng
descrilfx i @ell i3perblasimda flietrakidaosys, shereasndpprctéchicly dnbl #8 %i tnkich),t23€ scope

25 of th d i 56], All ref ited herein,
nci udi ng GERORaRR S Bpul ofaRB ot Wit (rith e ehd e Rtk ned
scientifi f‘re%kétiv@iy@%em@ﬁs&at'eﬂ%idéﬁéeaﬁgdaﬂ%ﬁioﬁﬁf&nQﬂ@@:pla@iat hetusitional

0

entireties r all purposes. CLAl . Non-toxic_|anthanum
car bonat e %1 hypgaplatn 5 EEoBemio e grsed by feqrpatpgl pregmmeg pf Hingfal

medi canment;, 0y ereﬂ{ugni'ﬁb‘fl & 8a SHRISSGE 13 eptible to or
suffering Dflromlssoft ti ssuae{.zéc(g{%a?#’%a ]iaon assoc#ate ‘Wi th CKD and who
is at risk for or has stage one to stage four chronic kidney ‘di sease

(CKD) .15 2 [0R|nThissiudy | indicten thet dhe [9om aadmigpiratign t talenhnenn (serbanae
hydr at e asre&dc@“@ﬁﬂcﬁf&ﬂﬁﬁtﬂnm 1, wherein the subject is a manmal. 10

D

¥ ¥ o

[054] U.S. Application Serial No.11/272,569 entitled “Stabilized Lanthanum
Carbonate Compositions” filed the same day as the present application is

20 incorporated by reference herein.

[055] The present invention is not to be limited in scope by the specific
embodiments described herein. Indeed, varions modifications of the invention in
addition to those described herein will be apparent to those skilled in the art from
the foregoing description. Such modifications are intended to fall within the scope

25  of the appended claims.

[056] All references cited herein, including all patents, published patent
applications, and published scientific articles, are incorporated by reference in their

entireties for all purposes.
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3. Non-toxic |anthanum carbonate or | anthanum carbonate hydrate as
clainmed in claim?2, wherein the subject is a human. 4.

Non-toxi c | ant hanum carbonate or | ant hanum carbonate hydrate as

claimed in claim1, 15 wherein the |anthanum carbonate or | ant hanum
carbonate hydrate has the formula: La2(C33) 3: xH20 wherein x has a

value fromO to 10. 20 5. Non-toxic |anthanum carbonate or | ant hanum
carbonate pydmes e as clained in any one of clains 1-4, wherein the

ef fective anmount of elenental |anthanumin the | anthanum carbonate or

| ant hanum car bavei-gxieyattadram Sar‘bbr&n@ ablatthasuth ca‘gfod@tﬁ Hy@ragddube BAAGF an oral

ny/ day. 256 Non-toxi c | ant hanu nate r um carbonat e .
nydr a1 e el s SR BEbged s hRR e B SRR tktisue
at | east mﬂcmiatmdnesa‘ooiatademgcma abti(wnd igphtoispliat @ Hae welge @he &b stage folnotitronic
4.5 ng/ dL, é&' ﬁé t| ni ne concentration of above about 1.6

ng/ dL, a blfoo urea nitrogen (BUN) of above about 20 ng/dL, any

det ect abl e anount of blood in the urine, a urine protein

concentrat4on t j :
above 30abgut 100" o qitherkPe B the oftalihlin QU HERHERRdMLEh ciam 1.
concent r at Wrieinribe siojesnt scumammgbove about 150 pg/nL, or a gl omerul ar
filtrajgon rate (GFR) of bel ow about 90 nmlL/min/1.73 nR. 7. Non-toxic

| ant hanum car bonat e or | ant hanum carbonate hydrate as clained in _
claim1, 3% Npretogichanthrnugpearbenade erdantganyn sarpanate hxdgle ascgmpdin claim 2,

muscl e, heghdreMahy Qbjecs  Ahur@dn.@ conbi nati on 35t her eof .

4, Non-toxic lanthanum carbonate or lanthanum carbonate hydrate as claimed in claim 1,

15  wherein the lanthanum carbonate or lanthanum carbonate hydrate has the formula:

La2(003)3'xH20
wherein x has a value from 0 to 10.
20
5. Non-toxic lanthanum carbonate or lanthanum carbonate hydrate as claimed in any one
of claims 1-4, wherein the effective amount of elemental lanthanum in the lanthanum
carbonate or lanthanum carbonate hydrate is from about 375 mg/day to about 3750 mg/day.
25 6. Non-toxic lanthanum carbonate or lanthanum carbonate hydrate as claimed in any one

of claims 1-5, wherein the subject has at least one of the following: a blood phosphate level of
above about 4.5 mg/dL, a plasma creatinine concentration of above about 1.6 mg/dL, a blood
urea nitrogen (BUN) of above about 20 mg/dL, any detectable amount of blood in the urine, a
urine protein concentration above about 100 mg/dL, a urine albumin concentration above
30 about 100 mg/dL, an intact parathyroid hormone (PTH) conceniration in the blood of above
about 150 pg/mL, or a glomerular filtration rate (GFR) of below about 80 mL/min/1.73 m?,

7. Non-toxic lanthanum carbonate or lanthanum carbonate hydrate as claimed in claim 1,
wherein the soft tissue is arterial tissue, cardiac muscle, heart valves, skin, or a combination
35 thereof.



