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[0002] Not Applicable.

' BACKGROUND OF THE INVENTION
{0003} This invention relates to a method for treating or preventing
hyperparathyroidism associated with aging by administering a sufficient amount of an
active vitamin D compound utilizing a variety of effective treatment protocols. The
method also relates to treating or preventing hyperparathyroidism‘associated with Aging-
Related Vitamin D Deficiency (ARVDD) syndrome. Included within the syndrome of
ARVDD are one or more of the following conditions, (1) primary vitamin D deficiency,
(2) 1,25-(0OH);D; deficiency, and (3) 1,25-(0H),Ds- resisténce due to decreased
responsiveness of target organs. ARVDD typically produces elevated blood parathyroid
hormone levels, i.e., hyperparathyroidism. The invention is also a method of treating one

or more of the conditions included within the syndrome of ARVDD.

[0004] In general, there are a number of physiological changes that occur with -
aging. One such change is the serum parathyroid hormone (PTH) level which has been
found to increase with age. The cause of this increase in PTH (which has been found to
be as high as 50% greater at age 80 as compared to a basal level seen at age 30) is not
entirely clear. It has been suggested that some form of vitamin D deficiency is likely
implicated. [See, e.g., Lau, K.-H. W. and Baylink, D. J., Calcif. Tissue Int. 65:295-306
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hydroxylation to produce 25-dihydroxyvitamin D3 in the liver.  This hepatic
hydroxylation is unregulated and solely substrate dependent. After production in the
liver, 25-dihydroxyvitamin D3 is converted to the physiologically active 1,25-
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[ 0010] Hyperparathyroidismis subcategorized into primary, secondary and
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e.g., parathyroid adenomas, and is presunmably irreversible. Such adenonas
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1, 25-di hydroxyvitam n D3. In secondary hyperparathyroidism assocl ated,
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effects on bone aze rarely observed. [See, Jensen, G :
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parathyroid glands is autonomous in nature, is usually due to tumors, e.g., parathyroid

adenomas, and is presumably irreversible. Such adenomas typically do pot exhibit
vitamin P receptors and exhibit a resistivity to 1,25-dihydroxyvitamin Ds. In secondary
hyperparathyroidism, associated, e.g., with 1,25-dihydroxyvitamin D, deficiency and/or
resistance, the parathyroid gland hyperplasia is typically adaptive owing to resistance to
the metabolic actions of the hormone, and is presnmably reversiB]e. Secondary
hyperparathyroidism occurs in patients, e.g., with renal failure, osteomalacia, and
intestnal malabsorption syndrome. Tertiary hyperparathyroidism is characterized by an

antonomous proliferation state of the parathyroid glands with biological hyperfunction.
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O 03/ 088948, REH E&Qﬁoﬁl%gjsﬁg%eggd thik Slch AL wi@be 2 ?ﬁ’rp sfb?‘in%‘e?a-mﬁﬁle

drugs appear to be st e ctive in those patients t ave ective
cal ci um dixdarcpt Hmrwever dhe, bashindstasopd tlose Sicadcef mmmnﬂ]ammp@xﬂbs@pmppmar sto

be nore effectlv rea la, 25-di. roxyvitamn resi stance ip target
organs. . Qe GBI bUoePRecl Sons BHEI G erie bponal osteodysiroply,
© 1a, 25di hYQﬁﬁﬁXWeﬂsam phr AhB884 (PQ‘?ﬂ% LANE i ebRi Q&oﬂjtlonEor calcmﬁn

1a, 25- di hydroxyvi t an n especi al | agi ng. [ Zerwekh,
diz: Erhiﬂmcﬁnol Cmmbcllﬁeammudms m©83)q,2ﬂdﬂd|dm1y81tﬁangt aid. | 1&al le

Ti e h e Int

50: 40. >y SRRAIERY ety Hran MR Ot pfie Seits et ot Bepeanassaas
(1999); %dn‘é@ﬁ:ﬂ@ﬂaﬂcorﬁexﬁ s @656%1&6(1“@@'&5@& a2 thnd-CHMREt. 828( SMredlY of B
(1939}; Francis, RM, Calcif. Tissue Int. 60:111-114 {1997); Francis, R
et al., AedoddPasiS Tir &1198915 Gallaghen I Coe6IL, Ammild ef JnR Med; Al13;640t655 J.
Vit NuzeBssy RS0 A% 419980 1 Med. 84:401-08 (1988); and Shiraki, M. et al,

Endocrinol. Japarn 32, 305-315 (1985)].

[0013] These clinical studies also indicate that at the dosage ranges required for
these agents to be truly effective, toxicity in the form "of hypercalcemia and
hypercalciuria becomes a major problem. Attempts to increase the amount of 1a,25-
dihydroxyvitamin D3 above 0.5 pg/day have frequently resulted in toxicity. At dosage
levels below 0.5 pg/day, clinically significant effects on bone are rarely observed. [See,
Jensen, G. F. et al, Clin. Endocrinol. 16, 515-524 (1982); Christiansen, C. et al., Eur. J.



[ 0016] Al so, as noted above, secondary hyperpazathyroidismis @4%@? cant
clinical problemassociated with renal insufficiency and intesti 205

mal absor pti on syndrones, and has al so been associated with agi ng as

descri bed herein above. As to renal failure, in the United States, end

st age rs@bs/ghsswase afflicts approxi mately 300, 000 i ndi ViP@ﬁl{JSﬁB/lhﬁst hi s

di sease, there is a progressive loss of cells of the proxinal nephrons, the
primazy site for the synthesis of the vitam n D hornones (collectively

"la, 25( OH) ZD') from 25- hydroxyvitanmi n D36and ZS-hydroxyvitamn Dz. In

addi tion, oRs 1Gihbh QR n n ads tq retention of, excess
phosphor usmvﬂi' ch r%gﬁtggg?ﬁgqgggg]ﬁ ?g&{:?g D?hjéﬁg/gﬁﬁlog la—]gy roxyvitamin D3 (1o-

25- hydr oxy (OHIn)mdeteatduyd rtoXhava seticdcheinSRNsaBn Mhosd reak %%&R nlN&HERGE! ON
to produce the D hornones. These two events:- account for the low serum

| evel s of iﬂ?@&s?epﬁ’%ﬁé%%mof Budlcali, flipakrdaeripolni7s h698-135% 61970)jerDate end
stage rena j . u .um.l evel § of la, 25- zD.cause

i ncreased, krgﬁidéu téiﬁnsat%&e%%ﬂe% gssl’s?j)g?ﬁlgé% Igal%gﬁsg?w&? 15 lafa%?c%ndéﬁi’@e that

i ndirect neffivacy sfundheith dsrtiytdingvhixpel DAk HiRiifikeRd aafi?gﬁcﬁy y
i ncreased Sgnféiu nover and its sequel a of renal osteodystr Y, i ch’may
i ncl ude a vaf ’yﬁ OCEHRle aRHS SASS:3 19U ABS Orisee, ditet 1§ Borosad dfimtial S,

ost eomal acihR.5203H8PNOr A e etal .calcification and related
di sorders, e. 3@ Q@Q'neﬁgg?ﬁr’ %Ee??‘%ﬁ’ tcha’lJé?Igyl his aiﬁfﬁi"%lr%y‘éﬁ?ﬂm K BPEBES g0 s
scl er osi s. ajpedxiomtcly 65 7960f @wepatiis, bad 26- 1 DA 1R SRrGAR e JUSE, MUSH
weakness. ?@9 grom h retardation with skel %?lgl Pdef ?r%rrn ti egga]% st 0 agerllyseen
- in pediatrfc™®patients). ~ ~ P9AR 2~~~ WD 03/088976 PCT/ US03/ 12013 -8[0018]
Previous clinical studies of hornonally active vitamn D drugs in end stage

renal di segggapatien [ nt. 0f cpndar yperthyroi di sm

have focusggqo}; corr_pgﬁﬁsdsd%e?)i %/Hégg- #?%?r‘&g? '?] é’rq{oﬁyiﬁédjﬁg%%ﬁ{ 6‘%}’?9%“‘2?1&331

a- (OH) D3 apwlytheeadmainisterappr dvsaged tramarepfat bestwdaaxy! wehetlcui ;@pm%ﬁ or

treatment or Elr%glvent%%n, al t hough these drugs are not currently approved in
BresPirosuer Sape 5

al | maj or gub B¢ dnngsep cpptenty ~bxleedfloms chnll, fevotDrerkBthas
r epl acenenileiereRYuss 8KsdhRidf 88k vo SoBIHE U gﬁg@é{d&gg ‘?&;@@ 5&%@@%}@

treating or_preventing hyperpazathyroidismin-
patients. Zlpwmbisher dpsage levids REbd Gi@RE. diATen, LausEs4mexit Mécﬂ%@fdl_e@éef
y

(hyper cal cagLa and er phosphat em a). .at dgsages above 0.5 g, especi al

when conco@n%%%‘t ly %%”ﬁi 3{688‘2‘6‘5 pﬁ%%ﬂ%& eogi AddpgrosyiaminDe al aidunt 0,25-
conpounds, ditydroxpEthntif 150 HekOtwS 85 Ipiaum effective dose
for preventi jrflglia ﬁ?}‘ger glaarIgt hyr oi di sr#?%@??%ée%#g%g%%gf@q&ﬂ%y%r %?336“36? Bhy:

nost pat i SRERY pEHERip

tivg diseagest r eat ment doses of 0.5 to 1.0 g/day or
i ntravenous doses between 0.5 and 3.0 g three tinmes per week. As descri bed

above, th er Congpa)l it an dr [ . D3 which often causes

toxic effg[g? Esﬂat dosagesy%—?}z&l%fy#aé?laig, %@88@35{1]?@%@%@%@% been

" phosphat e dtidietbrand Tiee clibivhligimsed fig Cédrieen dosmees figr AQi"ae‘éﬁ(E‘t]ii% e to treat |
hyper parat hyroidismis in the range of 0.25 to 1.0 g/day, an Pmst pa?lents

require tr%éowlsg&‘iﬁ%’éerow-ha o gdApstect, niree Codivene diiblwey, thsurg2, 2001;

1a, 25- 2 - S L r i i r..do s,. both

effi ca((:;?_i) and tagi’il%?zf é@géf%%ﬁﬁ ?‘g} &n%é’g‘%‘gigd%d@gﬁ@ﬁgg}aif%nglw @gatay e

vi tami n DEFE.cokpdumdsnsargf Ugiigt efl iDevtBghenst hesapeLtic (i F'Tﬁﬁ?a\vgaue"lto

their inhe(é_i%nt t oXi itbﬁﬁa hgo&%%ftt_enpt_s to reduce the foxic sidé effects

of active VIR B8, Y1 RA31IAR C1&RW Chnitelliy R.s &Faldih gThvenae S7HODUIA(1995);

adm ni st r gt favia G- iU Fal i th ionj zed. cal.ci um

concent raﬁagﬁ@’o‘?'hf:’ Zlg%ﬁﬂv%eﬁ\?eoﬂl@istgﬁﬁ%@nﬁgeséﬁ ?‘Euﬁg al‘ﬂhgfﬂ' git.gpoq. fioneow

cal ci um divaliny sareerna®2:lesd105% (1990} rSasenenN P EHaBNAz RHOTRBNS Wy, b§MOhS 2N

patients o.hot ejve increased doses of oral cal cium supplenents and
phosphat evegﬁwge ?S’\;\T[[rgfv }t:!ﬁ’é”- §ﬁ’§e3e~bf11é%ﬁ8c17iln€1§ﬁ%blﬁlmm,§vlaWd ephbsiybat e

bi nder s azmginen pased 3268549 kh . Rloi [ Ug, CANDe Gontr ﬁ@ put
the inci dengg_ of hypercal cem a?}/iﬂs ’sg%éateggg%%*l‘%ﬁs?%ﬁgrgé' lé&#lh 38);
pr obl gms d80lti fat éﬁtlw?tzrigsg_laefnussg:nm@@nr(emmyﬂrﬁm B Bt t e RS QL Tt
secondar rpaz r ism
y SQ}@[}%-% &bBX);%QIBHSSH, O.H. et al., Clinical Endocrinol. 7 (Suppl): 169S-1758
(1997)] Some studies suggest that active vitamin D, such as lo-hydroxyvitamin D3 and

la,25-dihydroxyvitamin Ds, appears to be more effective than precursors, e.g., vitamin




0 ~ | ~?AR ~~1D WD 03/088976 PCT/ US03/ 12013 -9[0020] As to secondary- -.

hyper par at hyroi di sm associ ated with aging, it has been suggest eﬂjz,t]km% 2005
treatment with la-OH D3 is advant ageous over vitamn D. [Shiraishi, 't ‘é'm
al., Calcif. Tissue Int. 65:292-294 (1999)]. However, although active forns

of Vit ey have increased efficacy over precur s%ﬁ.@\%ﬁ%t{%i nher ent

toxicities still limt extensive therapeutic use. [002 t andi ng
t hese known problens with use of the hornonally active vitamn D3 for
hyper parat hyroi dism there is a need foV-vitam n D conpounds, derivatives

or anal 0g$y : L ea nt.protocol s,that have | ow i pherent toxicity. BRI EF
DESCRI PTI Bv%r}ge?hég’l 'L\lg%@ﬁ%‘al&[ogﬁﬂ T GHES JBBe 0 b&ngst @géﬁqu Hy &haseon
provi des patientidihet Divetde@athive Galctur® absorgit, ie%,aﬁ';i &?‘?@gr&fs@vﬁgﬁééﬁtmﬁn D

e ne

hyper par at hyr oi di sm associ ated with agi ng. I ncl udes
admi ni st ePISAGPPeATs, ta (sjraere effective dntitrating fl ozl5-dilydrutxyoftarain e fdsiseany tiani n D

d i cient. to,l el evat ed i ntajnJ d bl ood t hyr oi d
Rl T TS O i T e A T
[0023] | namyoidxgtitasiasy sydthesid, MRG0 BloUERSS oF i@%@-@g}}@%owﬁ%ﬂ‘ﬁ

or
preventing hyperparat hyrol di sm associ ated with Agi ng- amn D
Def i ci enc§spepiaRyfh ggingr dfsrwalthe Jobt dtoal., iJh (Vind ndadnhol tenb.n§6:a10-arpUNt

f . /DD 58 Wndlin Ml |
ol evat od GEBRGIM, BRe RE e o B e Fo (O a8 Mvsetsc . Avatons.
i ncl udes CREOTIBRY £12040-240-DB3 19941 SxHAHD Aeki 41 eng ?'A:E&?:%fﬁsg% o

deficiency and 1, 25-( ZD3 resistance. Thus, in a %&‘Gréﬁé aspect,
-~ invention WB)H%E@@Y Hhot df Nave&nglagd of Madey 8R0(SRG7D061 (1988)f Brakis, t he

condi ti ong \@sSs@egi W vDD. . [0 _The net further includes

admi ni st rgtl\lﬁan@%:c ﬁi 2%”520 'fr}vgw??élr#naééa g‘an?/‘&r cbral.e ffsieapovesis dat ment
pr ot ocol S6:20n98 UTIDEY THIERIR . iensll, URET. VAUGHTREE §RI36041 p@?%ﬁom c high dose
regi men of the active vitam n D conpound. The active vitamrn D conpounds

in accor dfqrbggbw th the present invention have bioactivity equivalent to,
but have rtoxP0t st Rl abeymesrerwshay hyperparathypotdicen dpi @ signif@R6] A

ol o1 spBRSSISHAA kL R e B TR, RRD D SR ASLCn o
syndromes, and has also been associated with aging as described hercin above. As to
renal failure, in the United States, end stage renal disease afflicts approximately 300,000
individuals. In this disease, there is a progressive loss of cells of the proximal nephrons,
the primary site for the synthesis of the vitamin D hormones (collectively "1q,25-
(CH)2D") from 25-hydroxyvitamin D3 and 25-hydroxyvitamin D». In addition, the loss
of functioning nephrons leads to retention of excess phosphorus which reduces the
activity of the renal 25-hydroxyvitamin D-Ia—hydroxylase, the enzyme which catalyzes
the reaction to produce the D hormones. These two events account for the low serum
levels of 1,25-(0OH);D commonly found in patients with mild to moderate end stage

renal disease.

[0017] Reduced serum levels of 1¢,25-(OH),;D cause increased, and ultimately
excessive, secretion of PTH by direct and indirect mechanisms. The resulting
hyperparathyroidism leads to markedly increased bone turnover and its sequela of renal
osteodystrophy, which may include a variety of other diseases, such as, osteitis fibrosa
cystica, osteomalacia, osteoporosis, extraskeletal calcification and related disorders, €.g.,
bone pain, periarticular inflammation and Mockerberg's sclerosis. Reduced serum levels
of 10,25-(OH);D also can cause muscle weakness and growth retardation with skeletal

deformities {most often seen in pediatric patients).



WO 03/ 088976 PCT/ US03/ 12013 - 10BRI EF DESCRI PTI ON OF THE DRAW NGS [0026]
Not Applicable. DESCRI PTI ON OF THE | NVENTI ON [ 0027] The presentd nventi on
relates to aneliorating or preventing hyperpazathyroidi smasso tM%ng@
agi ng and/ or associated with Aging-Related Vitamn D Deficiency (ARV

syndr ongy§y3/a8k03g01 stering an effective anount of an actiye vitamn D -
conpound utilizing a variety of treatnment protocols. AWS@(‘#@P&&%‘S" W thin

the syndrone one or nore of the followi ng conditions, (1) primary vitamn D
deficiency, (2) 1,25-(0H) zZD3 deficiency.g.and (3) 1,25-(0H) ZD3 resi stance.

An el evated Dbl ood parathyroid hornmone |evel, i.e., hyperpazathyroidism is
typi cal |y [885¥ci at edPravions Qligical sexdieswpt hosimally asbve WEmimP dogdi ini emb

within the n . ) ccgrdi ngl t he present invention will now
be descri b%%ééi ﬂernggﬁésg%seﬁggﬁ%%tsés%é’cﬂ]et l(tjregt&{eﬂt 02 nﬁfgm ?hyﬂ Bkd}“{%e%e .
skil'l ed i nfotied dhtcotipobn@P@irded FHotn {RahinsDE M @2 5leeRs,MNtHnaN QOIS are the
invention is neant to be exenplary only and should hot be viewed as

li mitativenagr tapproved| forgsope hohkrdsotylated ovigiming? dfos perithémabt yprevémtion,

i ' | h ' hods, f ' | d
bl aod | eval SOBE ML NS s RREY e B VARG lor ke S BB er uim
PTH | evel sUassbd,25-€0OE-Nardli gORNDS e rddR¥BRenil ﬂherapytseé]@_ tbSredt or pY@JeE? in

aneliorating or preventing one or nore of the conditions included wthin
the syndrigh# eficodryDphy\by &egfing of prevertingghyperpanithyoidishiinicadcstage renal

i ncr easi ng,: l.....pr.oduct i on. qf 1. 25- | ~and. reduci ng 1, 25- ZD3

Iresi st alncgd]:ée%g?é)raag?tg'olrjg‘aslng.o’[#h%bdvﬁeﬁh‘?ﬁ ‘&Eﬁj&@éo‘? é‘nggus:ﬁ ?[Hx*h%‘d%%—%%

invention (hgpersilgdhial ﬁl@(ﬂtﬁy?blehﬁ_ﬁﬁ)lfamm %@tdosﬁﬁﬁgeﬁﬁiﬁkac@.@;%,gé?.gecially when
i

hyper phosphat em a, especi a g in patients who use oral m as” a
phosphat e (0geBHantly spered phogphpiedspimes, such ey edleinmiFeomupramdsrae used to

active vitanpin, D np en ilnistered intennittently or .

epi sodi cal‘?)?/ih?ln 361ﬁﬁgh8§€53)§0¥r’ggsgi men © r ST %feﬁﬁ%‘? 8PFs cﬁ?fy BYYSRRR ced
toxicity. Dipegarabjroidih @sinahe raghiof s ol sugsday; ey shiidhd Reford td &:8RL i Ng
patients sufferi ncg)ﬁf rom hyper pazat hyrgi di sm associated with aging and/ or

wi th one oFcahBeRs doses plUedRdh-Y HEHay 85 dwETvanels dasehbotrypD). 5 8P wsthueed

ot ers to Re B welk MR AEE bl EThE e B Vs NP BT 46E S ey

1, 25- ( OH) Z081)igfwiick redyenantisds, Baic EHHTO3t deaped angel.0 RaldagaBspRERIU Whert he

0~ MAR 2011 ed with phosphats binders.  The minimum effective dosage for preventing
hyperparathyroidism is in the range of 0.25 to 1.0 pg/day, and most patients require
treatment dosages of 1.0 pg/day or more. When either drug, 10,25-(OH),D; or
1o-(OH)D;, is administered in higher dosages, both efficacy and toxicity are found to

r increase. Thus, the hormonally active vitamin Ds compounds are Iimited in their

therapeutic usefulness due to their inherent toxicities.

[0019] Attempts to reduce the toxic side effects of active vitamin D;, in the renal
failure setting have included administration of a low calcium dialysate with an ionized
calcium concentration of 1.25mM. Mowever, it has been found that use of the low
calcium dialysate has lead to higher serum PTH and phosphorus levels in patients who
do not receive increased doses of oral calcium supplements and phosphate binders.
When the dosages of calcium supplements and phosphate binders are increased, seram
levels of phosphorus can be controlled, but the incidence of hypercalcemia rises
markedly. Thus, there are many problems associated with the ﬁse of current vitamin D

therapies for secondary hyperparathyroidism.



WD 03/ 038976 PCTI US03/ 12013 -11- . elderly. In addition to poor sunlight
exposure and decreased vitam n D intake, other factors that prot&l})l 65
contribute to this ARVDD syndrone include defective renal producti or‘ﬁ%f‘g v
1, 25- (O—I)zDs and a progressive decrease in the nunber of the 1,25(CH)zDs
recept conpl exes which can transduce its biolo al effects on the
int est\%n)e %c?’%o [ 0030] Al'so, as used herein, the tg%?rT"US%/uOB
“hyper par at hyr oi d| s refers to primry, secondary and/or tertiary

hyper par at hyroi dism [0031] It has been found that when the anal ogs of
fornmula (1), described hereinbel ow, afe adm nistered to pati ents wth

el evate um pa I @g, S lo dwth
signifi i y I ess%%geérﬁcgijﬂg H@ &?@p@%p ggs}’% %d W ﬁ‘é‘% agb%egpved
after t h;&gg&fm thatateatmart vatt 10 QtB; W atd&mqtagdaas aﬁlﬁlvﬁtmhﬂ)e Shﬂm@llileA &usly
knownforrrul&lflons and dosi n Thus, the conpounds of forrrula(l)

have an & -npf¥ed sreftpeadt 941(589( %EIHPW\?@TI gthereh estive farmisrpiDataanial ogs
R s Y Bk URLAOBRANENEHORRY Ve 06N Srs (AP Shndbn B HREN M M "2

| a- hydrofy amn & Same” bi opote
| a- hydr @x;ensltfamﬁanaﬂaauéhae(a-l) Ds) and 1a, 25-di hydr oxyvi tam n D3
(la, 25-(OH) zD3) but is nuch |l ess toxic ,[see, U S Patent 5,403,831 and

U S. Pat 104, 86 n dosages upto 10 g/day of la-(OH Dz in wonen
with poﬁﬁ%ﬂopausﬁ %]éﬁh &g dicse PR TIPl B a5kt Hsdicgaantlly atived

testing) ;@i Bt ner c [FIg his) rked
hypercal)vcem a >ﬁ. g%%?%lﬁ?l so?leﬁ%y %El(eé ;I'{) Q?%%bz \E/\%lésﬁnn('i";?t'S conﬂ%) EE
Addi t i orighivstives ar @CHD #32 add teatmientgloeeBliyat Abfelotv khetontytokisitgt i on,

determ ned by creatinine clearance and BUN, nor did it increase uri nary

excretion of hydroxypr ndi i any stimulatory
ef fect on bone resorpt ﬂé}‘eﬁﬁﬁ mw%ﬁﬁ?ﬁm to heal thy adult
mel es i Qod@%ages UR R &peétdae Prasent RVMRLDP s%hfé@ﬂﬂdaopﬁe&%rgﬂ' cadverse

effects 33] Furthernore, 1t is known thgt vitam n D3 nust
hydr oxylameéxdratmgt Mepl@vqntamd h@%ﬁ@d&ﬂ@lﬂmns ajsefiatcd wtth iagnrant iThat mdthod e.

bef t bi ol | A t ab
A I TN I T e s R
vi tam n cbhpolhie keffielent 1 fove @k vaRJdedmnaihfieh fovrefed' Blob Eﬁfﬂ%@sﬁ Hdiﬁr[bn@' or

"active vitamn D' i.s intended to refer to a vitamn compound or anal og
t hat hadPBEgievels, i.e., sufficient to suppress parathyroid activity.

{0023] In another aspect, the invention provides a method of treating or
preventing hyperparathyroidism associated with Aging-Related Vitamin D Deficiency
(ARVDD) syndrome. The method includes administering an amount of an active
vitamin D compound to a subject in need sufficient to lower elevated or maintain
lowered blood parathyroid hormone levels. ARVDD includes one or more of primary
vitamin D deficiency, 1,25-(0H),D; deficiency and 1,25-(0OH),D; resistance. Thus, in a
further aspect, the invention provides a method of treating or preventing one or more of

the conditions associated with ARVDD.

[0024] The method further includes administration of the active vitamin D by a
variety of effective treatment protocols. One such protocol includes intermittent or
episodic high dosc regimen of the active vitamin D compound. The active vitamin D
compounds in accordance with the present invention have bioactivity equivalent to, but

have lower toxicity than, conventional vitamin D therapies.

[0025] A fuller appreciation of the invention will be gained upon an examination

of the following description, taken in conjunction with the appended claims.



0 4 ~1AR 2005 WD 03/088976 PCT/ US03/ 12013 -12hydroxyl ated in at |east one
of the CG1, G24 or C25 positions of the nolecule (i.e., a hydro@zj\gz el B
D) and either the conpound itself, or one of its netabolites in the ¥
a prodrug, binds to the vitamin D receptor (VDR). For exanple, vitamn D

"prodrugs. ..J de conpounds that are hydroxyaated in the C.1 position. ‘
Such coﬁg)o%gﬁ@g&}éndergo further hydroxylation in vivo and &34 3bol i t es

bind the VDR [0034] Also, as used herein, the term"lower" as a nodifier
for al kyl, al kenyl, acyl, or cycloal kyl-1ips nmeant to refer to a straight or

branched, .saturated or hydrocazbon_radical having 1 to 4

carbon atons., Specific 3§§ﬁ%ﬁé§§§ﬁﬂgﬁ§mi D A5 DRAWINGS cal s aze net hyl ,

ethyl, pro i sopr I , Isobutyl, t-butyl, ethenyl, propenyl,
O 61 WAS)P Ednie,

butenyl, isobutenyl, isopfopenyl, fornyl, acetyl, propionyl, butyryl or
cycloprflpyl. The term"azomatic acy]" is nmeant to refer to an

unsubstituted or substitute | aroup. [0035] As used herein, the teen

"hydr ocar bon noi ety" refersgpg%wmogﬁ@ﬁ,my Nal kenyl, a | ower acyl
group or argdoewer cychgal k- tr 'g‘%}t hed, saturated, .or .
unsat ur at Z[d C??C4 hyqlr_ocl:jtl%lr%%erll1 radl a .Oﬁ[O]%g‘a Fﬁt%ér%,l fafiglgac?fvé”?ff%ﬁgn D

i n accor dahyperpdrathyrohdisqor esstatédnwatit i apgingremdhav assabiateds atitf aA%ﬁl, S &lSted

C25 and &gt PERERREHE R ARV SEpdpmetousminiaring: i e et a ot of auhe.

pres flng eij n?.hﬁﬁ%'c\)fri’t@rrﬁill% f}( clzcsrﬁp&bﬁﬁﬁﬂiﬁmgt%%gpof PAEmb R rIREA AR VDD B udes
within the syndrome one or more of the following conditions, (1) primary vitamin D
deficiency, (2) 1,25-(0H),Ds deficiency, and (3) 1,25-(OH),D; resistance. An elevated
blood parathyroid hormone level, i.e., hyperparathyroidism, is typically associated with
aging and with one or more of the conditions within the syndrome of ARVDD.,
Accordingly, the present invention will now be described in detail with respect to such
endeavors; however, those skilled in the art will appreciate that such a description of the
invention is meant to be exemplary only and should not be viewed as limitative on the
full scope thereof.

[0028] More specifically, the present invention relates to therapeutic methods for
lowening elevated blood levels of parathyroid hormone (PTH) and/or maintaining
lowered serum PTH levels associated with aging and/or ARVDD. The method is of
-value in ameliorating or preventing one or more of the conditions included within the
syndrome of ARVDD by, e.g., minimizing vitamin D deficiency, increasing renal
production of 1,25-(OH);Ds, and reducing 1,25-(0H),D5 resistance in target organs. The
method in accordance with the present invention has significantly less resultant
hypercalcemia and hyperphosphatemia, especially in patients who use oral calcinm as a
phosphate binder to control serum phosphorus levels. Furthennére, the active vitamin D
compounds when administered intermittently or episodically in a high dose regimen
result in higher efficacy and reduced toxicity. These atiributes are achieved through a
novel method of treating patients suffering from hyperparathyroidism associated with

aging and/or with one or more of the conditions associated with ARVDD.

[0029] As used herein, the term “Aging-Related Vitamin D Deficiency
syndrome {ARVDD)” refers to one or more of the conditions of primary vitamin D

deficiency, 1,25(OH),D; deficiency and 1,25-(0OH),Ds resistance that can occur in the



0 4 MAR 2005 WO 03/088976 -13 xo0 °,. ~~x, PCT/US03/12013 wherein A~ and AZ
each are hydrogen or together represent acarbon-carbon bond, tfusMa W
doubl e bond between C-22 and C-23; R and RZ are identical or dif eren and
~are hydrogen, hydroxyl, |ower alkyl, |ower fluoroal kyI O | ower al kyl,

| ower | ower £l uoroal kenyl, O-lower al kenyl,
o arong‘t(ﬁgggéggllﬁ | oner cycl oal kyl with the proviso that P%ﬁﬁ?o%ll%&?]d Rz

cannot both be an al kenyl, or taken together with the carbon to which they
are bonded, forma C3-Cs cycl ocarbon rq4ing; R3 is |lower alkyl, |ower
al kenyl, lower fluoroal kyl, lower fluoroal kenyl, O ower al kyI , Ol ower

al kenyl , eIaeﬂgwe}'m ﬁdﬁython o p@mrmmghta@gﬁosm dndmcréayed edtbiyl D Kitaltes othewlr ogen
or hydroxyl; XZ is hydrogen or hydroxyl mag be t_akegl %th R or , to
const | tuﬁ”@t%rsd@%ﬂ’éﬂb@BWdCO@ﬁBm%q hlﬁy%lRBEé?h syRdIepRE: dRGNde, dslrehes) T?Il*?ét at

| east on I L t
D corrpouﬁcf?él n accofzc;;sz:gO %\]Ajft ﬁﬂ%’heﬁ%&ggk?%ﬁ?&gﬁ?:ﬁgn't}_ﬁéa%gﬂngﬁrarﬁgg{ng)ri%@%da[)ny”
t he geneq@Hyrwutfol (VDR) compleMBiRwdi}b cadDOnaaydl 88 e hibIoEidabeFtdt? @h3the

“intestine and bone.

[0030] Also, as used herein, the texm “hyperparathyroidism” refers to primary,
secondary and/or tertiary hyperparathyroidism.

{0031} It has been found that when the analogs of formula (1‘), described
hereinbelow, are administered to patients with elevated serum parathyroid hormone, PTH
concentration is lowered with significantly less hypercalcemia and hyperphosphatemia
than is observed afier the same amount of activated vitamin D; administered in
previously known formulations and dosing regimens. Thus, the compounds of
- formula (I) have an improved therapeutic index relative to active vitamin D3 analogs

administered using conventional protocols.

[0032] It has been shown that 1a-hydroxyvitamin D, (10-(OH)D;) has the same
biopotency as lo-hydroxyvitamin D3 (1a-(OH)D3) and 1a,25-dihydroxyvitamin Ds
(10,25-(0OH),D3) but is much less toxic [see, U.S. Patent 5,403,831 and U.S. Patent
5,104,864]. . Even dosages up to 10pug/day of 1a-(OH)D; in women with
postmenopausal osteoporosis (in both open label and double blind testing) exhibited only
mild hypercalciuria (>300 mg/24 hrs), and marked hypercalcemia (>11.0 mg/dL) solely
due to 1a-(OH)D, was not evident. Additionally, 1a-(OH)D; did not adversely affect
kidney function, as determined by creatinine clearance and BUN; nor did it increase
urinary excretion of hydroxyprolisie, indicating the absence of any stimulatory effect on
bone resorption. Administration of 1a-(OH)D; to healthy adult males in dosages up to

8 ng/day has shown no hypercalcemia or other adverse effects.

[0033] Furthermore, it is known that vitamin D3 must be hydroxylated in the C-1
and C-25 positions before it is activated, i.e., before it will produce a biclogical response.
A similar metabolism appears to be required to activate other forms of vitamin D, e.g.,
vitamin D, and vitamin D4. Therefore, as used herein, the term "activated vitamin D" or

"active vitamin D" is intended to refer to a vitamin D compound or analog that has been



-14 nn ~ SOH O+~ wherein A' and AZ each are hydrogen or together

represent acarbon-carbon bond, thus form ng a double bond between UCA‘Z!‘M&@%
C-23; R and RZ are identical or different and are hydrogen, hydroxyl,

| ower al kyl, |ower fluoroal kyl, O1lower alkyl, |ower allcenyl, |ower

f | uor oakgoybhssote | ower al kenyl, Ol ower acyl, O aronmatic ﬁf}r 03 lg‘wgr

cycl oal kyl with the proviso that both R and RZ cannot bo e an al kenyl ,

or taken together with the carbon to which they are bonded, forma C3-C$
cyclocazbon ring; R is |lower al kyI | owgr al kenyl, | ower fl uor oal kyl ,

| ower fluoroal kenyl, O] ower alk O | ower al kenyl O | ower acyl,

O azomati c Bé{k%ﬂ%tﬁd fi®y e Feasly eueoRl IC‘IXC@% oh{d2Dpesitions ofide anglecule fiee X i s

hyd doubl
bona. T ooBy AL Alithin B pnd RS hebRpdiibit e QEoREor hOneRRBCE 1 BeltalOl
the presensfd proénig bmdmmewﬂaﬂmDREcemmﬁrRrékhmﬁﬁt DM@ UpRdARg” XZ

I s hydrogen, have the general fornmula (Il1):  ~ ~ MAR 2PD5 WD 03/ 088976
include compounds that are hydroxylated in thé C-1 position. Such compounds undergo

further hydroxylation in vivo and their metabolites bind the VDR.

[0034] Also, as used herein, the term "lower” as a modifier for alkyl, alkenyl,
acyl, or cycloalkyl is meant to refer to a straight or branched, saturated or unsaturated
hydrocarbon radical having 1 to 4 carbon atoms. Specific examples of such hydrocarbon
radicals are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, -butyl, ethenyl, propenyl,
butenyl, isobutenyl, isopropenyl, formyl, acetyl, propionyl, butyry! or eyclopropyl. The

term "aromatic acyl” 1s meant to refer to an unsubstituted or substituted benzyl group.

[0035] As used herein, the term "hydrocarbon moiety” refers to a lower a]kyl a
lower alkenyl, a lower acyl group or a lower cycloalkyl, i.e., a straight or branched

saturated or unsaturated C;-C, hydrocarbon radial.

[0036] Further, the active vitaminD in accordance with the present invention
may have an unsaturated side chain, e.g., there is suitably a double bond between C-22
and C-23, between C-25 and C-26 or between C-26 and C-27.

[0037] An active vitarmin D of the present tnvention i.e., a hydroxyvitamin D, has

the general formula described in formula (I):



-15 PCT/ U503/ 12013 wherein A and AZ are each either hydrogen, eﬁm t oget her

represent a carbon-carbon double bond; and X~ is either hydrog

hydroxyl . [0040) Specific 24-hydro~yvitam n D conpounds in accordance w.f{ﬁ-

“oMAR 2

t he, present invention are chazacterized by the general formula (1V):
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wherein A' and A? each are hydrogen or together represent a carbon-carbon bond, thus
forming a double bond between C-22 and C-23; R' and R? are identical or different and
are hydrogen, hydroxyl, lower alkyl, lower flucroalkyl, O-lower alkyl, lower alkenyl,
lower fluoroalkenyl, O-lower alkenyl, O-lower acyl, O-aromatic acyl, lower cycloalkyl
with the proviso that both R' and R? cannot both be an alkenyl, or taken together with the
carbon to which they are bonded, form a C3-Cs cyclocarbon ring; R® is lower alkyl, lower
alkenyl, lower fluoroalkyl, lower fluoroalkenyl, O-lower alkyl, O-lower alkenyl, O-lower
acyl, O-aromatic acyl or lower eycloalkyl; X' is hydrogen or hydroxyl; X is hydrogen or
hydroxyl, or, may be taken with R' or R?, to constitute a double bond; and X° is
hydrogen or hydroxyl provided that at least one of X, X2 and X is hydroxyl.

[0038] Specific 1a-hydroxyvitamin D compounds in accordance with the present
invention are characterized by the general formula (1D:

~ 4



wherein Al and AZ each are hydrogen or together represent a cazbon-carbon
bond, thus form ng a doubl e bond between C 22 and C 23; R~ and Rzg\%e
identical or different and are hydrogen, hydroxyl, |ower alkyl, | rMAR 2005
fluoroal kyl, O lower alkyl, |lower allcenyl, |ower fluoroalkenyl, O I ower

al kenyl | r acyl, Oaromatic acyl, |lower cycloal kyl with the proviso
t hat bo%‘g}&ﬂgs\éﬁﬁ RZ cannot both be an al kenyl, or taken tRSgé¥H8A28Bth t he
cazbon to which they are bonded, forma C3-Cs cyclocarbon ring; R3 is ]ower
al kyl, | ower al kenyl, |ower fluoroal kyl_,14l_ ower fluoroal kenyl, O | ower

al kyl, Ol ower alkenyl, Olower acyl, Oaromatic acyl or |ower cycloal kyl;
X3 is hydrogen or hydroxyl, and XZ is hydrogen or hydroxyl, or, nay be
taken with R~ or R2, to constitute a double bond.g*[ 0041] Such compounds in
accordance with formulas I-1V include generally 24hydroxyvitamn D
conpounds, . 25-hydroxyvitam n D conpounds and | ahydr o>]<yvi tam n Dconpounds.
Speci fic exanples of such conpounds of forgul a 1) (RS include, without
limtation, 1la,24-dihydroxyvitam n D2, ™44 ¢
a, 25-di hydroxyvitamn D4, | a, 25-di hydr
a, 24, 25tri hydroxyvitam n D2, 1la,25- iy
la, 24, 25-tri hydroxyvi tam n D3,

ucl ude such pro-drugs or
ydroxyvi tam n D4, ‘
24- hydroxyvi tam n D2, 24-hydroxyvijyam i 25-hydroxyvitam n DZ, and

i nvention aze typically hypocal ceg# c conpared to the natural D hornone,
la, 25-di hydroxyvitamin Ds. 0 4 gl AR 2005 WD 03/088976 PCT/ US03/ 12013

-17"Hypocal cem c" is neant to r
has reduced calcemc activit
hor none, 1la, 25di hydroxyvitam

pafed to that of the natural vitamin D
in other words, a calcemc index |ess
than that of 1la, 25di hydroxyvi| D3. The calcemc activity of these
conpounds typically ranges §rom0.081.to 0.5 that of

la, 25- di hydroxyvitanin D3®"calcenic index" is a relative measure of the
ability of a drug to generate a calcem c response, the calcemc activity of
la, 25di hydroxyvitam n D3 being designated as 1. Such hypocal cema vitamn D

conpounds whureui Aeaniedtieach feydadgRyiabsah&ash n a?@?{! | B in
hi gh doses. [.0043] Further fegirsl cogrrpoundgélléf folr%?ru\fg{'lsC I %#%t%hgé’et g\ge a

chiral cedPERingHAgblekongd bateercCs pukCta3oR,! and R sarandimtisalamdiiffasnt bod h

epi mers (g;Onhvdld \ d;ng j | C oo xtur e within.the scope of
the present P?%v_eﬁi?#ghﬁ‘ Q@Le]’r]e cereﬁg*lg? cgev!é?r_ '%‘?IBa]#%fr@" E%"r‘”%‘ E_’] lefe¥rrogkenye

pr ef err ed ldwemiliarositbsylant-loatel \alkten§k ®lovdrsacyt, Bar@RAERENS HhYeMeySloSi k

la, 24(S) - dl.m/'gr OX%JV.I t m?q»igz i s _preferabl éasubst antially free of "its e( )

epi mer, ang" PeRT A?CI@-"“H dr o¥edt Kyicempatibobubs an pkerydr exdidkenuogethet withltlye f r ee
: Of 1ts (Ska@Bh B hich they are bonded, form a Cs-C; cyclocarbon ring; R” is lower alkyl, lower
alkenyl, lower fluoroalkyl, lower fluoroalkenyl, O-lower alkyl, O-lower alkenyl, O-lower

acyl, O-aromatic acyl or lower cycloalkyl; X' is hydrogen or hydroxyl; and X* is
hydrogen or hydroxyl, or, may be taken with R! or R, to constitute a double boxd.

[0039] The active lo-hydroxylated vitaminD analogs in accordance with the

present invention wherein R*, R?, and R are all methyl groups and X? is hydrogen, have
the general formula (TID):



[ 0044] The vitam n D anal ogs of fornulas (I)-(1V) are useful as tive
conpounds i n pharnmaceutical conpositions. The active vitamn D ciﬁﬁd@@gs‘ 5
the present invention include vitam n D conpounds having a hydroxy grou‘%’9
substituted in at |east one of the O, CZ4 or C-5 positions of the

nol ec o) a hydroxy vitamn D. The analogs of formula (111) are of
.especﬁgﬁ 03}3?%%6 as they are substantially less toxic thaﬁCT’H§93$12°Vi tam n D3
counterparts when adm ni stered by conventional protocols to patients
experienci ng hyperparat hyroi di sm For-Exanple, in patients using oral
calciumas a phosphate binder, e.g., calciumcarbonate or cal cium acetate,
adm nistration of the analogs of formula (111) at dosage |evels higher
than possible with the vitam n D3 conpounds pCEyvi des greater efficacy than
heret of ore possible in treating hyperparathyrpidism [0045] Effective
amounts of active vitamn D conpoumnds i [he WHt h the present

i nvention nmay be adm nistered on a da epl softh.c basis. Dosages may be
.from1l g to 150 g per week giyxen daijl y Ar %O‘ngose or greater up to 200
g/ dose or greater, given eptrSodt or Baterm®®ently. 0 4 MAR 2005. WD
03/083976 PCT/ US03/ 12013 - 11 met hod in accordance with the
present invention also incly active vitamn D conpounds, and of
particul ar val ue, hypocal cem
conpounds of vitam ns Dz, D3
an intermttent or episodic b
with aging and inhibit synptg
vitam n D conpounds given i

d Da, in high dosage form adm nistered on
5is, to treat hyperparathyroi di smassoci ated
5 associated with ARVDD syndrone. The active
epi sodi c or iHPer mi tt ent hi gh dose may al so
be co-administered wth ot Er t herapeutic agents (as described in detai
bel ow). Adm nistration of c Q,y've vitamn D may be prior to,
simul taneous with, or aftfer adrfinistration of the other therapeutic
agents. [0047] Wth the dgpisodijc or intermttent dosing protocol in
accordance with the prgSeqt Ngh dose anmobunts administered to patients
havi ng ARVDD may eveﬁaﬁncIer la, @3- di hydroxyvitamn D3 (calcitrio]), or
| a- (OH) - D3 (al phacal cido]). By "high dose" 1is neant a dose of 10 g or
nore, e.g., 20 g to 100 g or nore, e.g. 300 g. In other terns, a "high
dose” is one that produces higher than normal physiologic |evels of

vi t ani n viherein Ai apd At ars eself Eitlogrelittdro gen of | tBEE B PG RedeRt Hp{a??:!ﬂ@z{rﬁo vi tam n
I rmtten d%sing

D receptr n_.cells;expressing these receptors. The inte
regi nen df‘%Eg]E?ﬂDPﬁbﬁd}ge{%ﬁé@ﬁfhﬂﬁ%&ﬁn@myml-to once every 12 weeks, e.g.,

once every 3 weeks. As a function of body weight, the effective dose
ranges fo@mjabout $hedifit 2AhAReMvidnan D B Il of, body. i ght of the
patient. [0048] The episodic profoco? or&égégﬁgqégg#ﬁ%ﬁ”?ﬁ%g%@%ﬁgﬁﬁﬁk wth
t he pred&{tion Araivrasierized by desgeaeral fipmodedVhher apeuti c i ndex for active
~~forms of vitamin D anal ogues conpared to adm nistration via conventional

* feginens. The episodic dosing is "also cost effective, as | ess active agent
i S needed. :



[0049] It is further believed that the intermttent high dose regi nen can
be used to effect any therapeutic effect that is attributable Bq‘EQRiﬂ@5
vitamn D., e.g., reduction of |oss of bone nass, etc. The val ue of 't
intermttent dosing is that upregulation of vitamn D receptors occurs
with a ﬁkp@hﬁgg?se wi thout the side effects of hypercalcem a and o -
hypercal'cli Ura that occur with recurrent daily dosing. [865818%Ha1%pi sodic
dose can be a single dose or, optionally, divided into 2-4 subdoses which,
if desired, can be given, e.g., twenty mnutes to an hour apart until the
WO 03/ 088) 76 PCT/ U503/ 12013 -19total dose is given. The conpounds in
accordance with the present invention aze adfinistered in an anount that
rai ses serumvitamn D levels to a supraphysiplogical |evel for a
1, 2B- (OF1 ) ZD3 defi ci ency
alceling@ or with substantially
Ar ppePB| e X’of the hypocal cem c
t h& pre€ent invention aze
pich supraphysiologic |evels. [0051]
2 conpounds of the present invention
h conventi onal nethods of pharnmacy to
produce nedici nal agents for admiistration. to patients, e.g., nmamal s
i ncluding humans. For exanple,~the active vitam n D conpounds of the
present invention can be for pated i n pharmaceuri cal conpositions in a
conventi onal manner usi ng onelali ¥t e conventional excipients, which do

and/ or -resistance w thout causing
reduced the risk of hypercalcem a., The
vitam n D conpounds in accordane€ -t

particularly beneficial in per
General |l y, the pharmacol ogi cal
can be processed in accordance

not deleteriously react with cti ve compounds, e.g., pharmaceutically
acceptabl e carrier substances able for enteral admnistration (e.g.,
oral ), pazenteral, topica&ﬁfbu cal ™ rectal application, or by

adm nistration by inhalation or insufflation (e.g., either through the
nmout h or the nose) [0052] Generally, acceptable carriers for pharmaceuti cal
formulation include, but are not Iimted to, water, salt solutions,

al cohol s, wiureim2dbind, AV epdt &blhydoigen ordogetherabmsaeht aciakhonemrpoobénd, thus

tt il t. oil, oli il t Qi) . mi | ojl., fi
Fver ot & domming poRbleBdinenean ol bl et B ol Rootrg Bl ve iffyeed S0
gel atin, %%ﬁgéﬁ?tﬁﬁréﬁlglower! ARHI0 S8 erNdrO SRy D 0-SvidrCAlkyi, MvaeAk e

steazate, talc, Silicic acid, viscous paraffin, fatty_ acid nnnoglycerﬁdes
and di gl y&@mrdtélsqro@iénwiebeWt@enﬂht@Emﬁ@fi atybsQeranatipyaybxlgwer cycloalkyl

met hyl cel | ul,ose ol yvi nyl rol,igaone t 0 rti i est
s the. parditBr arove el BomA R Aot o Atk b Rb kit
route of EHoAILS Whadh @By atd WMded Forh¥NasSS; Ofclédagbdniigt ROASHwet aR§1,ilveer
vitam n D conpound through the intestine, thus avoiding stinulation of

i nt est i nalelkepyl dovirn fhieserllyh dnver dhgreakiad O-loveadied. PHewes dkeyt, @doBaageal
et . e % b b SK e
hecauce adothi ARt folr 8 3va, Sk, XL 9088 B MAbGI kA0

heal t h camgdpkehessidoall, of,heaissiien with Her kG| ® coaftitertd deble mmdt rol | ed as
to precise anount and timng. Pazenteral adm nistration suitably

(00413 Such compounds in accordance with formulas I-1V include generally 24-
hydroxyvitamin D compounds, 25-hydroxyvitamin D compounds and lo-
hydroxyvitamin D compounds. Specific examples of such compounds of formulas (I)-
(IV) include, without limitation, 1a,24-dihydroxyvitamin D,, 10,24-dihydroxyvitamin
Da, 10,25-dihydroxyvitamin Dy, 1a,25-dihydroxyvitaﬁlin D, 10,24,25-
trihydroxyvitamin Dy, 10,25-dihydroxyvitamin Ds, 10,24,25-trihydroxyvitamin D3, and
also include such pro-drugs or pro-hormones as la-hydroxyvitamin D,, lo-
hydroxyvitamin Da, 24-hydroxyvitamin D;, 24-hydroxyvitamin D4, 25-hydroxyvitamin
D,, and 25-hydroxyvitamin Dj.

[0042] The compounds in accordance with the present invention are typically

hypocalcemic compared to the natural D hormone, la,25-dihydroxyvitamin Ds.



~ 4 ~i AR 20D5 WO 03/088976 PCT/ US03/ 12013 -20i ncl udes subcut aneous, __

i ntramuscul ar, or intravenous injection, nasopharyngeal or rrucosﬁaj;
absorption, or transdernal absorption. [0054] I|njectable conpositi J#SR n’f’aﬂ%

. take such forns as sterile suspensions, solutions, or enulsions in oily

vehi cl ego(swede7@s coconut oil, cottonseed oil, sesane 0Oijq BﬁﬁﬂP&.Oil or
soybean oil) or aqueous vehicles, and nmay contain various fornu a?ing

agents: Alternatively, the active ingredient nmay be in powder (Ilyophilized
or nonlyophilized) formfor reconstituttén at the tine of delivery with a

sui t abl e YHYb&daBseng&rcky ' L.t 0055]. In injectabl e conpositions,
the carrier B}Fs_at yepi'c_al I?Egl?tteﬁ *éégrairg%&gf‘r:%‘éee%?%ﬁ @@Qﬂﬂaéh@rl}asggdwm,
aqueous pFYBYNiEnacEvife clommiredinot hest ohj @6t albiey | LEMhS, I?'l?onnoﬁ’lg,aq%tzsqi |

for intra ular..injectiaons. Also, various buffering agents,
pr eser vat ?}(/@gmxgvﬁ%hdﬁﬁg m g pther Wi aogaletingise insien gleag dintrs thatusf aeeract i ve

agent s andiht/BRxkAr b, e sol uti ong nmay be suitably
bgffered, i né‘%‘é‘ifﬁi??ﬁ 3'a§3b?%1é3%?gﬁ?tdﬁﬂ§i‘%3‘§ﬁe Wléf’c“na%%’&aélarﬁ%gﬁs&nm with
suf fi ci enf-08klt¢ A thet ofl Ls2SdihyleeeitsmEPDy! FORBRIEHBSPES s ia}ﬁvéﬁ{%ag‘%he for

i nt ravenoy theiaﬁvtlr am£sc | ar, subcut aneous and intraperitoneal 1Tnjec

pur poses. 1 WY O5 AfUBEite genehie & calemis ragponse;shereelcaneneliolte df dpesal |
readi | y olihaaRabliemby 15 rd.: i.qye LI knQqwn to . those skilled in
the art. ThZ, Oi qg) sol uﬁtgﬁgg %?l?%?%&%?aﬁ@ﬁéwppsﬁv@nﬁa@tw Pacampounds ar |

i nt r anus cRiPAidea cs&ﬁshoﬁhmalbmhﬁmﬂwmﬂﬁ&%ﬁ&erelﬁﬁh%hﬁ%%ati on of all
t hese solutions under sterile conditions is readily accdhplished by
hni ques_ wel | known to those skilled in the art.

st andard ceutf.cal tec

[ 0056] Th@@%ﬂ%ou ndguﬁ%?Fraﬁ’E GPEFRRERds g fifamewas (3)-838rhatihave athival denterasuak ed

f or par endseit &le @A pdkRlohadt | L i j may_be adgi ni.sfer by _bol us
injection or cont i r_?ggus i%?%ﬁ?tb@oﬁ%ﬁyﬁg%’ﬁim? g‘?‘g'iﬂ}aé‘é%baﬁ‘? Piyaeric
conveni erfPPYIS aE WihEcthe scop of tho pagent inyation. OW hete teARBUNESH OF r{n@ are

mul ti -dgﬁﬁe%ﬁ@&ah%eris vvld(tjt} an .agg@d preservative. [0057] "In additré to
the formil at16is HeSS TheEt Pres otbsiantislie fes npfoita dehemypialesio foemt ar gyl at ed
as a depdia, HEpaihgtitc@Rvitaric m, ! ' tons .mpy he adm ni stered
by inpla ta%Jr(on ih?Ior gi}a?rpl_e, Zsﬁg%‘ﬁ{%%ﬂe]g%gf)@gﬂtﬁ% n#?%r?ﬁé u@z?@?eérmﬂ/

ntr anusdd Ri-ffheetqxgrvitamrinds it prefexatmibstantill, ke ¥y cpmerbe for nul at ed
Wi th suitable polynmeric or hydrophobic materials (for exanple, as an

emul si on [Dﬂmzﬁn 1~ TheMRRtaftfln" D Vé\%apo?"g/sogﬁ 9%%5%/(5-8((12&)/ 1&%21§seful as active
compounds in pharmaceutical compositions. The active vitamin D compounds of the
present invention inchude vitamin D compounds having a hydroxy group substituted in at
least one of the Cy, Cy4 or Czs positions of the molecule, i.e., a hydroxy vitamin D. The
enalogs of formula (IfT) are of especial value as they are suBstanﬁally less toxic than their
vitamin D3 counterparts when administered by conventional protocols to patients
experiencing hyperparathyroidism. For cxample, in patiénts using oral calcium as a
phosphate binder, e.g., calcium carbonate or calcium acetate, administration of the
analogs of formula (IT) at dosage levels higher than possible with the vitamin Ds

compounds provides greater efficacy than heretofore possible in treating
hyperparathyroidism.

[0045] Effective amounts of active vitamin D compounds in accordance with the
present invention may be administered on a daily or episodic bass, Dosages may be

from 1 pg to 150 pg per week given daily or 10 pg/dose or greater up to 200 png/dose or

greater, given episodically or intermittently.



-2lacceptable oil) or ion exchange resins, or as sparingly soluble
derivatives, e.g., a sparingly soluble salt. [0058] For enteral 04 005
application, particularly suitable are tablets, dragees, |iquids, dropg
suppositories, |ozenges, powders, or capsules. Syrup, elixir, or the like
can be yp8@3hdsomr sweet ened vehicle is desired. For oral }%ﬁd{@gﬁ}ratl on, the
phar maceuti cal conpositions may take the formof, for ex ﬁgﬁpets or
capsules, e.g., soft or hard gel capsul es; prepazed by conventional neans
Wi th pharnaceutically acceptable excipignts such as binding agents (e.g.,
pregel atini sed nmai ze starch, polyvinyl pyrrolidone or hydroxypropyl

met hyl cel J004Se) ; f iTlhtenm‘m(oé igaccotrdmnk:eaeﬂl mb@rmmvmﬂdn@smﬁicluﬂe@a@e of
calciun1hydro phat e) ; Iubrlc nts, (e. magnesi um stearate, talc or
silica); tvg@fx)%ﬁ cquapQymds, anda el parfighlar, Vé@esbm%ﬂ@%‘? @pivs yiama: &

et hod 3%??*?%%%‘3%%5%6?%5‘ o b&F’d’ésf"‘tﬂ."%ﬁ% D, PapBiE R, TPAE, 6R05FTol,

adm ni st r atthomstesd ¢rakeidtdrmiftent or eplsodlobmsgamnle&h)@eipatafmmmlm raboRiaded

suspensi ons,, or. the resent ed. as a dr du for constitution with
wat er or lﬁé?@g%@‘ilﬂm EP@SB%S\OWEG L}’%h B BI5ACKYS YHaDHBy be
prepared hy GRRYEAL %1 ﬁ?@@édl&“o}l?nt gﬁla%@é iy 262 BL 3B Rl oo
such as suspendi ng agents , sor3|to up, celFulose erlva Ives or

hydr ogenatveith efficbtherdpatiiy agetnias idéseribed mgianﬂbbélewg Adubdnistrition of tha@ativa) ;
non- aqueous, vehicles (e.g., alnpnd oil, oily esters t hyl .al cohol or
fracti onatd@y t’aﬁf}’ OSF%Y) to, aﬁWuB?I@QESr Ve asaftes @dmmh%qaﬁ Qfy the other

- propyl - p- hyge Q@t es or sorbic acid). The preparations may al so
contain buffe sal s, flavoring, coloring and sweetening agents as
appropriate. [0060] Preparations for oral admnistration may al so be

sui tably fl6P4#i]l at ed %ﬂvgﬁhv&ptsodmcrmlih’ednﬂbhbémg)pmtcbrméntabmdmmepmﬂndhe Many

trolled rel t th b |
S ni st AEFRG Hog S HERHEF Stiliret i el iw{aaz SRV Db ek SEasaelade or
absor pt i on qied-gmsdf hated, (Al1EeRYeet u&g@ﬁf) aczh&‘é@% g;@" ‘high dose”

admnlstratlon by i nhal ati on, the conpounds eaccor to"t he
present i riyexsehion daﬁeoﬁb(miémremrbye gelD vgrtod OiOrug trempoe, e 308 ;mekosther

Ui tabl o prape e %P i€ R Er Bl R o e R el ehroploRu iR slebhane.
di chl or ot 611faﬂ‘f11|1 @Efﬂ&hbaﬂels QSO in 7 s ld\dbdR 18 Wlppe At 3tABBPTPreceptors on
cells expressing these receptors. The intermitient dosing regimen is suitably between
once per week to once every 12 weeks, e.g., once every 3 weeks. As a function of body
weight, the effective dose ranges from about 0.2 pg to about 4.5 pg per kilogram of body
oy weight of the patient.

[0048] The episodic protocol or dosage regimen in accordance with the present
invention provides an improved therapeutic index for active forms of vitaminD
analogues compared to administration via conventional regimens. The episodic dosing is

also cost effective, as less active agent is needed.

[0049] It is further believed that the intermittent high dose regimen can be used to
effect any therapeutic effect that is attributable to active vitamin D, e.g., reduction of
loss of bone mass, etc. The value of the intermittent dosing is that upregulation of
vitamin D receptors occurs with a single dose without the side effects of hypercalcemia

and hypercalciuria that occur with recurent daily dosing.

[0050] ~  The episodic dose can be a single dose or, optionally, divided into 2-4

subdoses which, if desired, can be given, e.g., twenty minutes to an hour apart until the



PCT/ U503/ 12013 -22di oxide or other suitable gas. In the case of A } am
pressuri zed aerosql, the dosage unit naybe determ ned by providi né) @R/ﬁ’@%
to deliver a netered anmount. Capsules and cartridges of e.g. gelatin, for

.~ use in an inhaler or insufflator nmay be fornul ated contai ning a powder m X

of the i N&ofOMpound and a suitabl e powder base such as | actose or
starch.‘@?g}g&%])‘%‘?'he conpounds nmay al so be formulated in PQE{%P:’/WL’Vagi nal
conpositions, such as suppositories containing conventional suppository
bases or retention enemas. These conpogytions can be prepared by mxing the
active ingredient with a suitable nonirritati ng excipient which is solid at
room t enpeetatdase i¢ fgverex difip! enmpi@ings o B2o@ndrutwithi e greatnt hererBst ake

tenperature,. and%{l mel t H}@the rectumqr vagina to release the active
i ngr edi entMBFIECG I} AR jagiount hat b%?e;?e%eﬁ??é’ﬁ@mé?a%é?‘ée}s tvésarpphygelogiseher

gl yceri degyanghr Weshffidient f afeC e.d N 26¢ bl 142RS;

advant ageoa_sl yrmay ilncl u%égiognn&a%%liegéi g{r?ta{eégbéi’ g’szgg?g_g?%? gggglle%?y B]Elqj% at ed
hydr oxy ariesislages withpdt equiing hepefdloédia Thevitonnbsthitiadlys retayed ithe 3R s£d, be
presented in a.pack di spenser .device_that pay,. contain one_or nore unit
dosage f BFPE“‘@H%ID&?-nﬁapmgmawf%%wwamwwﬁwmwﬁ i acomsianeml e,
conpr i se ik @l StesdPt Ashfor M i -

di spenser devieclgé?s Sui ta%l %?&%@%@K?’%ﬁ%‘ghﬁ% tmgﬁﬁ%ﬁ%&%ﬁ fp%§sf3fog1c

adm ni st rlgvélen. [ 0065] For topical application, suitable nonsprayabl e

vi scous, sem -solid or solid forns can be enpl oyed which include a carrier

conpat i bl i+ h topical i cation and. having.a dynam c_vi scosit
pr reT er abl 6)051 ater p{jﬁ%‘?{a@gf h}ﬁ P%lﬂ?na@%&ﬁﬁlagy ?ﬁqﬁ@r éE)f{’m(PPPl}dSa!%HIP d%?%eﬁt
sel f-emul ﬁlvéxﬁidﬁgcaa%}ﬁméess‘é@%?a@wr&mfab'witﬂ\’f&bﬁx?elﬁl%&ll RRARIE 'd}bplﬁ%gaé@f ngo"y' ene

glycol. Suitable fornulations include, but are not Iimted to,
jellies, petuce prdiciral egentsmémt sdmimdtiatios, tos phtientans,g..s uspensisohigluding

emul si on owders, liningnts,. salves,_ aerosols, ansdernal patches, etc.,
whi ch ar 2‘“‘“.9 Sadsr P_%%E’Ir’lf& RR DA I QBH‘PGKP‘E% e PFEseyt Bryeptan can e |
pr eser vat foy@slatedtia phbidfksticatl 6MHpSHitidrRliA 2 WRVEMNGaREERAS usgr?%onéobﬁcﬁ] gn
preparation in accordance with the present invention.suita i ncl udes, fo

exanpl e, FANXERiFE2bexGipicats, Waichodrined ficleistipesiylreait| with dhes ebtive nuhipodndsng

beeswax; hat DR Rt ' uitably inclu for ex | e,. al prond oi |
and whi teég'b? %] par g'%tﬁ?!%l?pag%%ﬁ%??ﬁl?jgﬁ Slg?%aﬁlﬁ%tg}niﬁﬁ% dP% 5B V?I Bpﬁldé%t,w“f or
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0.1%to ?:‘69‘\%%’%1%}?%6%9’% (ect-Irathl theough the meuthorithenassdve par ent er al
solutions, are prepared. 0 4 MAR 2Ct5 WO 03/083976 PCT/ US03/12013

[0052] Generally, acceptable carriers for pharmaceutical formulation include, but -

r

are not imited to, water, salt solutions, alcohols, gum arabic, vegetable oils (e.g., almond
oil, comn o1}, cottonseed oil, peanut-oil, olive oil, coconut oil), mineral oil, fish Tiver oils,
oily esters such as Polysorbate 80, polyethylene glycols, gelatin, carbohydrates (e.g.,
lactose, amylose or starch), magnesium stearate, tale, silicic acid, viscous paraffin, fatty
acid ;nonoglyceﬁdes and diglycerides, pentaerythritol fatty acid esters, hydroxy
methylcellulose, polyvinylpymrolidone, ete.

[0053] Of particular interest is the parenteral, e.g., injectable, dosage form.
Using the parenteral route of administration allows for bypass df the first pass of active
vitamin D compound through the intestine, thus avoiding stimulation of intestinal
calciumn absorption, and further, reduces the risk of esophageal irritation which may be
associated with high dose oral administration. Because an injectable route of
. administration is typically done by a health care professional, the dosing can be mors

effectively controlled as to precise amount and timing. Parenteral administration suitably
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effective doses and co-admnistration reginens (as descri bed herﬁsu’nﬁggwﬂs
as determ ned by good nedical practice and the clinical condition of
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“invention may be varied; however, it is necessary that the anmount of the
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21-
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, e.g., a

sparingly soluble sait.

[0058] For enteral application, particularly suitable are tablets, dragees, liquids,
drops, suppositories, lozenges, powders, or capsules. Syrup, elixir, or the like can be
used if a sweetened vehicle is desired. For oral administration, the pharmaceutical
compositions may take the form of, for example, tablets or capsules, e.g., soft or hard gel
capsules; prepared by conventional means with pharmaceutically acceptable excipients
such as binding agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or
calcium hydrogen phosphate); lubricants (e.g., magnesium stearate, talc or silica);
disintegrants {e.g., potato starch or sodium starch glycolate); or wetting agents (e.g.,

sodium lauryl sulphate). Tablets may be coated by methods well known in the art.

[0059] Liquid preparations for oral administration may take the form of, for
example, solutions, syrups or suspensions, or they may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid preparations
may be prepared by conventional means with pharmaceutically acceptable additives such
as suspending agents (e.g., sorbitol syrup, cellnlose derivatives or hydrogenated edible
fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil,
oily esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). The preparations may also contain buffer

salts, flavoring, coloring and sweetening agents as appropriate.

[0060] Preparations for oral administration may also be suitably formulated to
give controlled release of the active compound. Many controlled release systems are

¥nown in the art.

[0061] For buccal administration, the compositions may take the form of tablets,

lozenges or absorption wafers formulated in conventional manner.

[0062] For administration by inhalation, the compounds for use according to the -
present invention are conveniently delivered in the form of an aerosol spray presentation
from pressurized packs or a nebulizer, with the use of a suitable propellant, e.g.,

dichlerodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon



Equi val ent (ng/day)0. 3-5.00. 4-2.40.6-1.2 Sodi um Fl uori de 04 MAR 2005
((r:]rg/ day) 5- 1(5030- 7540-60 Cal citonin (I1J/day)5-80025-50050-200

Bi sphosphonat es( ng/ day) 50- 2000100- 1500250- 1000 Cal ci um Suppl enent s

( g/ day) 250- 2500500- 1500750- 1000 Cobal am n ( g/ day) 5- 20020- 10030- 50

' ' / day) 0. 1- 200010- 1500100- 1000 Boron , o
(P%} SZy; é;%@kg%&gr{gzwg) 100 [0070] Although the above do‘s"&H@§03éP813r or oral
adm nistration, it is understood that the co-adnm ni stered agents can al so

be adm nistered in alternative fashionspoincluding intranasally,

transdermally,' intrarectally, intravaginally, subcutaneously, _
i nt ravenOLfg?’%},de Shateh#ER | & thy casq of asprassuvizetbaarescf) the dosagbahitseapbof

oY : ily basis.
the coadm d@:‘teﬁn@x‘iéﬁ%%@fdﬁé@*@ﬁe 8 LeileP nftird Qnelgm}t.h &pgu%les dnd cartridges of
¢.g. gelatin, for use in an inhaler or insufflator may be formulated containing a powder

mix of the active compound and a suitable powder base such as lactose or starch.

[0063] ‘The compounds may also be formulated in rectal or vaginal compositions,
such as suppositories containing conventional suppositoiy bases or retention enemas.
These compositions can be prepared by mixing the active ingredient with a suitable non-
imitating excipient which is solid at room temperature (for example, 10° C to 32° C) but
liguid at the rectal temperature, and will melt in the rectum or vagina to release the active
ingredient. Such materials are polyethylene glycols, cocoa butter, other glycerides and
wax. To prolong storage life, the compositions advantageously may include an

antioxidant such as ascorbic acid, butylated hydroxyanisole or hydroquinone.

[0064] ~ The compositions may, if desired, be presented in a pack or dispenser
device that may contain one or more unit dosage forms containing the active ingredient.
‘The pack may, for example, comprise metal or plastic foil, such as a blister pack. The

pack or dispenser device is suitably accompanied by instructions for administration.

[0065] For topical application, suitable nonsprayable viscous, semi-solid or solid
forms can be employed which include a carrier compatible with topical application and
having a dynamic viscosity preferably greater than water, for example, mineral oil,
almond oil, self-emulsifying beeswax, vegetable oil, white soft paraffin, and propylene
glycol. Suitable formulations include, but are not limited to, creams, jellies, gels, pastes,
ointments, lotions, solutions, suspensions, emulsions, powders, liniments, salves,
aerosols, transdermal patches, etc., which are, if desired, sterilized or mixed with
auxiliary agents, e.g., preservatives, stabilizers, demulsifiers, wetting agents, etc. A
cream preparation in accordance with the present invention suitably includes, for
example, mixture of water, almond oil, mineral oil and self-emulsifying beeswax; an
ointment preparation suitably mcludes, for example, almond oil and white soft paraffin;
and a Jotion preparation suitably includes, for example, dry propylene glycol. For
purposes of transdermal administration, dilute sterile, aqueous or partially agqueous
solutions (usually in about 0.1% to 5% concentration), otherwise similar to the above

parenteral solutions, are prepared.



4[ 0071) For convenience, the active vitamn D conpound in accordance with

. . L : ¢ o
the present invention and the co-adm nistered therapeutic agen "
packgged together, e.g., in a blister pack or dispenser devi _ce.ﬂlr?m%hgpﬁﬁ

words, the active vitam n D conpound and the other therapeutic agent may be

[ ' [ [ nt ai ner
cont ai Red, comon package, each contained in a sepa@ﬁ &9 _
t herein, zﬂ%}gsggfso havi ng i nstructions for use of the co %g 5&1]3 agent in

i di [ [ for adm ni stering
the treatment of hyperparathyroidism e.g., instructions _ _
thg active vitam npr conmpound and the _pferapeutic agent to a subject having
- hyper par i di sm and/or suffering from ARVDD on a d_a! l'y or episodic

basi s. [3%9%%]0 Bul k &eesstof prdisanykillia the armwil (;'E};chlryadmaéaz Bffaﬁm[dr?@ﬁﬁﬂrya L S
' I readi | bt ai.n i n gccordance w !
i dely ke YRS iR (s TRk Feh b AsToinarioas dyneod medont 843

4, 195, 02 Ryraetic2CRd 8i29¢lirdca? 34ndifbn ofithd $HiPA18al 1htRO BEArdids o
4, 670, 1933; and 5,488, 120: WD 94/ 05630, and %#4 M~% ~= 3%‘%%%@%7@ .
PCT/ USO3/3f58Histratsg, it will lagnepireciated 1that B0 aBjuek hpeeferrdd 23@nAd i 3985%), a

o o A e AN U0 LSS ol 0 e o
be const remgdoyad, ity paftichilai donpsitioes $6:@R8ated,. fh@%&%%ﬁ)ﬁgﬁpﬁgﬁgfﬁ 'Y the '
EXAMPLES p%qt%?a{rl ssi?ug g]Id lo?éal?i_:mv Ib%i%rgn t?ea?gd.w lgor; e)?ample, the specific dose for a
particular patient depends on age, sex, body weight, general state of health, on diet, on
the timing and mode of administration, on the rate of excretion, and on medicaments
used m combination and the severity of the particular disorder to which the therapy is
applied.  Dosages for a given patient can be determined using conventional
considerations, e.g,, by customary comparison of the differential activities of the subject
compounds and of a kmown agent, such as by means of an appropriate conventional
pharmacological protocol. A physician of ordinary skill can readily determine and
prescribe the effective amount of the drug required to counter or arrest the progress of the
condition. Optimal precision in achieving concentrations of drug within the range that
yields efficacy without toxicity requires a regir'nen based on the kinetics of the drug's
availability to target sites. This involves a consideration of the distribution, equilibrium,
and elimination of a drug. The dosage of active mgredient in the compositions of this
mmvention may be varied; however, it is necessary that the amount of the active ingredient
be such that an efficacious dosage is obtained. The active ingredient is administered to
patients (animal and human) in need of treatment in dosages that will provide optimal

pharmaceutical efficacy.

[0067] Also included within the scope of the present invention is the
co-administration of effective dosages of the analogs of formulas ()-(IV) in conjunction
with hormones or other therapeutic agents, e.g., estrogens, which are known to
ameliorate bone diseases or disorders typically associated with hyperparathyroidism and
ARVDD syndrome. Such bone agents may include other vitamin D compounds,
conjugated estrogens or their equivalents, calcitonin, bisphosphonates, calcium

supplements, cobalamin, pertussis toxin and boron.

{0068] The term “co-administration” is meant to refer to a combination therapy

by any administration route in which two or more agents are administered to a patient or



[0074] A conparison of la-(OHDZ to |a-(OH) D3 has been conducted. |a-(OH)
DZ is equally active as 1 a-(OH) D3 in the healing of rickets,ﬂgﬁﬁ@mﬁ
stinmulation of intestinal calciumabsorption and in the el eva &EP um
i norgani ¢ phosphorous of rachitic rats. [G S oden et al., J. Nutr. 114,
2043- 29460 (#884)s] - I n the sane | aboratory animal, |aOH+ D%c‘f’ﬂfso&;;i’ib%’ to be 5
to IS tines less toxic than la-OH D3 [see, also, G S§jodéen et al.,” Proc.
Soc. Exp. Biol. Med. 178, 432-436 (1985)]. It has al so now been found that,
for exanple, la-OH+ D~ may be safely admgy.stered for up to two years to
human subj ects experiencing_ or having a tendency toward | oss of bone nass
or bone ni FEPISFL c Seradministratinrs afj agenjs anae betifaned g/ anypompiedsh therepy or

foll ow n : strate_that_ | a- DZ and.la, 24- ZD4 are
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and is also significantly less toxic than its vitanmn _counterpart.
Exanpl e 1: admigyirationsddee eibrner thereers seydeeifoems)diznly, i.owonoxircbe given

| a- (OH) DZ i I ent s, wa trated in .a.clinical study involving

15 Soot mencb e HRe RO B ARG BGS iy ecil s Mg hgane

- (1994) . ] Thevenaheciashep ahffRMas t0VBNOw Rt REMtDR @RkvEXHRATS ciccAlRomR g
exhibited L2-L3 vertebral bone m neral density ("BMD')between 0.7 and 1.05

g/ cme, as det BeGH nERe #EenipeBaY Pleprbardministered egit) abutph etmnone agent may
absorptio el il . 03/.088976 PCT/ US03/ 12013 .- 27bone
m ner al dgtr?l)tgi %@m]%%&%dn%@yme??ﬁl st eg%% g%cl}é)\gdi aséele]l out &@%g%eﬁol}lfﬂfw, Y50

t hat t hese ihiraviehsustp or esiigndint @habeuidst fir dbidnhei@Bbh ek attive w%ankin[18077]
On adm ssion to the study, all patients received instruction on selecting a
dai |y di et “CBRPEIHHgCENee vaBohegpissent Anvenian vaghpRethet therapentic editels was

verified atsuf@ﬁﬁ!f'c%n&i@ér@& \éakoﬁnﬁﬁe@%hgﬁﬁlz(ceﬁt?&q prrg‘i)%%tﬂ)% AR DYt 20 4! z?'\(:’tlwsvc-;-Wi th

each patient.
vitamin D compound and, e.g., a bone agent, the preparation being adapted for the

administration of the active vitamin D compound on a daily or intermittent basis, and the
administration of, e.g., a bone agent on a daily or intermittent basis. The agents also may

be formulated as an admixture, as, for example, in a single tablet.

[0069] Possible dose ranges for exemplary co-adminisiered agents are provided
m Table 1.



[0078] Al patients conpleted aone-week baseline period, afive-_to -

seven-week treatnent period, and aone-week post-treatnent obser{dt MAR 7885

period. During the treatnment period, patients orally self-adm nistered

la-(OH) Dz at an initial dose of 0.5 g/day for the first week, and at
succesgg i.gher doses of 1.0, 2.0, 4.0, 5.0, 8.0 an y in each

of theﬂ%ﬁ%&m@gg weeks. Al doses were adm ni stered bef gFiRtbSrQ‘gg@ ast .

[ 0079] Bl ood and urine chem stries were nonitored on a weekly basis

t hroughout the study. Key bl ood chem stasies included fasting serumlevels

of cal cium phosphorus, osteocal cin, creatinine and bl ood urea nitrogen.

Key urine chenmistries included 24- holidBd¥tetion of cal cium phosphorus and

creati ni nes PDat—a O Te—stuay—crearr—y——6 iv at-€6 Ra o

can be safely adnPossbler@dl BosdiRgized daeVirivne |Azean Go-daidinistdadi ng r egi men

for periods of sever Withvaekve VitinBaDIGiloands s FrEAMIPNEVYi d not adversely

af fect ki dney function, as determ ned by creatimne theéarance—and—btoed

| evel s of AgeBh nitrogen; nor did it increase Dosedangeexcretion of

hydr oxypro]ine, indicating the absdroad of anyrsfeirsdll at dvyst@héfeatd on bone

resor pti oonjlieteg BERORENA ohad no effect on any routinely moni tored Serum

chem stri %ﬁuivialéﬂi(‘fﬁ?%/h the absencg ok qadver gg, pet abol ig, eff ects. [0081] A

positive effect o a@?O—I) DZ on cal ¢l um homeoét% asis was evident from

dose- r el afedivimPueade@ngBadr ved i n 285thour urBitkEr y cal ciousa | evel s,

.confirm . ha onmpound i ncr intestingl calci absorption, and

from doseftrglecﬁtg@%’w@(%@eases in serﬁ@iteoca%&i% suggé&%g that the

conpound #@igphosphynstts fig/diyys bone fsorxomii on. 100-14500AR 2395 (96 03/ 088976

- PCT/ US03/ 3 -28?(%8% 2: Study Denopnstrati ngCSaf ety and Efficacy for
Human Ost 1B SERPIE g?m_g/ﬁz}g) saf @y-%288 ef F0ASPCof I780(O0IDZ as an oral

t r eat ment clo841aRst 9si s was confg gaped in Q(}%td@dy i nvy@lyg ng 60

post nenopausal _ ost eoporoti c outpatients. The sel ected subjects had ages

bet ween 6§cAmgisAPxye@Eda@nd exhi bi%ed0dR- L3 10ek08br al 1BRDOHEt ween 0.7 and

1.05 g/ cnBy a5 gq)bsor pti
Excl usi on—¢ - —cal-—di ent use
of nedi cah’s ons known to affect bone or cal ci um netabolism

070 Although the above dosages are for oral administration, it is understood

that the co-administered agents can also be administered in alternative fashions,
including intranasally, transdermally,’ intrarectally, Intravaginally, subcutaneously,
intravenously, and intramuscularly. It is also contemplated that some of the co-

administered agents may be given on an other than daily basis.

[0071] For convenience, the active vitamin D compound in accordance with the
present invention and the co-administered therapeutic agent may be packaged together,
e.g., in a blister pack or dispenser device. In other words, the active vitamin D
compound and the other therapeutic agent may be contained in a common package, each
contained in a separate container thercin, and also having nstructions for use of the
compound and agent in the treatment of hyperparathyroidism, e.g., instructions for
administering the active vitamin D compound and the therapeutic agent to a gubject

* having hyperparathyroidism and/or suffering from ARVDD on a daily or episodic basis.

[0072] Bulk quantities of the vitamin D analogs in accordance with the present
invention can be readily obtained in accordance with the many widely known processes,
c.g., as described in U.S. Patents Nos. 3,907,843; 4,195,027, 4,202,829; 4,234,495;
4,260,549, 4,555,364; 4,554,106; 4,670,190; and 5,488,12-0; WO 94/05630, and



[ 0083] On admission to the study, each subject was assigned at randomto
one of two treatnent groups; one group received up to a 104- k”ﬁﬁuﬁie of
therapy with la-(QO ~DZ; the other received only placebo therggal | 2005
subj ects received instruction on selecting a daily diet containing 700-900
my of Cg#éh&ﬂh@ were advised to adhere to this diet over the course of
the study. Conpliance to the diet vas verified at regulaﬁw?%?%POéW§ by
24-hour food records and by interviews with each subject. [0084] During the
treatment period, subjects fromone grouggorally selfadmnnistered |a-(OH DZ
at an initial dosage of 1.0 g/day for one week, and increased the dosage to
2.0, 3.0, Agndliay @k 83@hBokherne J§ GBBOMI NGLOBSEKSI dfowdidisHHESRSATS Of
5.0 g/ day. .The doé +[3 for any given subject was increased in this way until
the rate of™(¥F94 6 35?§¥ﬂﬁ?excretion was el evated to approxi mately 275-300
mg/ 24 hours, at which point the subject held the dosage constant at the

hi ghest | eyed73at t ai neghe ﬁegéxﬁqmeﬂtﬂ“oﬁ%tﬁaﬁhae&aﬂﬁnﬁ]ﬂyHhé%ﬁa‘?ﬂqgf)g%%ép%&d a

mat chi ng pl acebo nedi cation every day, titrating e- appar en

upwar ds i n WWhich sheirlsl meibeaonsisied diyjveayt of lgiting ther eapedf the presdntdnt@oRZ.

[ 0085] Spinal and fenoral neck BVMD were neasured in all subjects by DEXA at
t he begi nning of the study, and at SFMB@ESI nterval s thereafter.

I ntestinal cal ciumabsorption was es n all subjects by a single

i sotope technique at the beginning of the study, and at 12-nonth intervals.
Serum | evel s of vit agbmpRriBi Db ORISR TISTRL ThApH-Bhoiiad O ecept or

bi ndi ng assays at baseline and at six-nmonth’intervals. Serum-osteocal cin,

serum PTH atadéhlri ne kR/droxyproI ine al so were determ ned at baseline and at
si x-nmonth il val s. A compiyprnzdds-(REDD310 380D PClitIEe8/cbAdIded. 2060086

O her bl oo i . j i ) e nitar. at. regul ar [ntervals

duri gt ne s sap Bl A EOAT PGl MR RrERe PRt FeiS i BE S Bt emch iniesmnal

serum i oni zeldineahissonptionudridnie thakRivation & RAGH tidedarid PG | ni ne

and creati gbn . ¢l ea::pf;lnr?ce. Ki dney- ur etner - bl addergﬁ{glg&gﬁgpg;g%%r e o‘g%gél’ned
a

at baselin dsg eh ol b Y- Hte 2U4A-3946 (8B ®AS tlarthe 5008 Vibofieryr asmiat, 4 oof

t he stud 1S WHIREE | . j ects: S subj ect nrolled in
what vvasyoﬁ}glbr%la ;YB Pﬁgongggq 35%1219%811§Sf§ %&Eﬁ@} b‘éf@}f‘g [ﬁﬁeé—gme%- BH's,
55 conpl et ed, Bre. feazipt BioleMeAeNS, (438-4361(1 985)1. 2T Ik ak0Mw v2AY réihasiby ect s

conpl eted an opti ona nd year of treatnent.
Al & & amp?e, lla—%)elgf—?)g m¥:1y be safely admimstered for up to two years to human

subjects experiencing or having a tendency toward loss of bone mass or bone mineral

content at dosages greater than 3 pg/day.

10075] The following examples demonstrate that 1a-(OH)D, and 1a,24-(OH),D,
are effective in reducing or preventing elevated blood PTH levels as well as preventing
or restoring the loss of bone mass or bone mineral content while being substantially less
Itoxic than 10,25-(OH);D; and 1a-(OH)Da. Tt is to be understood that although the
following examples detail the use of 1a-(OH)D, and 1a,24-(OH),; D4, 10,24(S)-(OH),D;
may be readily utilized in the treatment of this invention with essentially equivalent
resulis. For example, 10,24(S)-(OH),D; shows activity equivalent to 1,24(R)-(OH);Ds

and is also significantly less toxic than its vitamin Ds counterpart.
Example 1: Study Demonstrating Better Safety

[0076] The low toxicity of 1o-(OH)D; in human patients was demonstrated in a
clinical study involving 15 postmenopausal osteoporotic Womeﬁ. [J. Bone Min. Res.;
9:607-614 (1994).] The selected patients were between 55 and 75 years of age, and
exhibited L2-L3 vertebral bone mineral density ("BMD") between 0.7 and 1.05 g/em?, as

determined by measurements with a LUNAR dual-photon absorptiometer. (The mean



[0089] Test Drug Dosages: The average prescribed dosage for subfec %V\Q@s
received | a-(OH)DZ was 4.2 g/day at 52 weeks and 3.6 g/day at 104

The average prescri bed dosage for placebo subjects was an apparent 4 8

. g/day at 52 weeks and 4.8 g/day at 104 weeks. [0090] Excl usions:

subj eCévOfAﬁﬁ’Egﬁ to conply with the prescribed dosage of tfﬁ@bﬁ&rfﬁﬁb} the

confirme y ‘an absence of serum la, 25-(OH)ZDz at any

study. ‘Data for this subject were excluded fromanalysis. Three patients
wer e di agnosed wi t h hyper parat hyr oi di s%mwhen t he PTH assays were conpl et ed
(in batch) at the study's conclusion; ‘data for these subjects were excluded

from analbys¢ sninéial dedilgCihswimee vERL bswtqﬂrcfsmm #boat YI55:f017 percoeplthance
with the required dietary calciumintake of 700-900 ng/day. [0091] Epi sodes
of Hyper éléﬂseélmﬂémyfﬁﬁ?oéiélt‘éﬂh@qtéhemké%ﬁ*hyﬁfémtbl%)em a (>10.8 np_/dL)

occurred in one subject in association with an intercurrent illness. The
prescrib sage Qf Rhs -4/ day.
Moder at efﬁgﬁzrcal cem d@fgggmggjeagmnﬁhg}_?aggrgg%% alﬁ V\Dﬂgﬁt%ﬂg%leghgvgr t he
cour se ofdailhdies icomyirdig M(bmcm(hﬂg of eslaiyes Gﬁn@h&c@/td&hxs didt washygréfiebaicem a
(10.2-10.4 pg/.dL) occurr in four subjects in the first year and in two
subj ect s"i'eﬁﬂg’ﬁé %@3‘5\’% iavr 0995‘?-,905‘; MH&W%@V%‘E@BF@@HP%@EEQ onal | y over
the two-year study in 17 subjects treated with la-(OH DZ. [0092] Serum

Cal i uni pigred Cal g WiicrkbahSBlol D GRLFIABAERRILR A TRE Sl sdiulby

0. 2ny/ dL in subjects treated wth han'in
03/ 0889761’65’@_6&]&]%0]32%3 a 3@supdc pestredahed wbsehvatioacpériod. ThDsndgf fher ence

~tivas significant (P<0.Q only during,the sec ear of treatpent. Mean
serum i o %en&alreaoamnﬁﬁ%'?ta i ﬁ%&ﬂ@@p@te@é & 0Ee ot neL e of

subj ect S(Qt EQHQQ £ B & »09122 di a{ Q&%éﬂsw@f mgggaa&;eyer 1eary, ‘HO”?PC@'OC' um
increased dufing the initial titration i n adose-response fashion.

After ti tandtliOdhyg/denm aadmef tml foﬁluwmmweéﬁ t Al 12084 werghdmiriRs@dHeforet h 1
a- (oH) DthIgaE?gSgent than with placebo treatnent.

[0079] Blood and vrine chemistries were monitored on a weekly basis throughout
the study. Key blood chemistries included fasting serum levels of calcium, phosphorus,
osteocalcin, creatinine and blood urea nitrogen. Key unne chemistries included 24-hour

excretion of calcium, phosphorus and creatinine.

[0080] Data from the study clearly demonstrated that 1a-(OH)D, can be safely
administered at high dose levels on a daily dosing regimen for periods of several weeks.
In particular, the compound did not adversely affect kidney function, as determined by
creatinine clearance and 'bloocl levels of urea nitrogen; nor did it increase urinary
excretion of hydroxyproline, indicating the absence of any stimulatory effect on bone
resorption. The compeound had no effect on any routinely monitored serum chemistries,

indicating the absence of adverse metabolic effects.

[0081] A positive effect of 1a-{(OH)D; on calcium homeostasis was evident from
dose-telated increases observed in 24-hour urinary calcium levels, confirming that the
compound increases intestinal calcium absorption, and from dose-related increases in

serum osteocalein, suggesting that the compound directly stimulates bone formation.



[ 0094] Kidnev Function: No significant changes were observed with, | ong-term
la-(OH)DZ treatnent in BUN, senm creatinine or creatinine clear arﬂ:é.M 2015
X-rays revealed no abnormalities in either treatnent group throughout the
course of the study. [0095) Bone: Bone mineral density (BMD) |3 ;he L2- Lg
vert ebr ssi vel increased wwth 1 a-(OH) Dz treatnent an ecreased-
with plgvgoe é(%t%r?gat rrentyover the twoyear study. The diffefEd&B%BH2M3i nal BVD
bet ween the treatnment groups becanme statistically significant (P<0.05)
after 24 nonths of treatnment. Simlar C_anges were observed in fenoral

neck BMD with statistically significant“differences observed after 18

mont hs  ( P<Bxffp)e Zand SBMyDamnbsstfRif HHdtyaind EHRbeR fr HhaR60s € siodi
Upt ake: I ntestina] absorption of orally adm nistered 45Ca increased by 40%

P<0.001) gfter 52 ks of I|a- DZ therapy, and by 29% (P<0.5) a$er 104
\(Neeks of)l QE?,O-{)DZ t %r%"%?ﬁ,y Pﬁ‘ﬁgfﬂf)ﬁG@Yt ST plagdO5BDz oAt r ot . ombolweatment sfat nD

Met abol it esq ] - OH) - pragr r s _ija nean
serumtota t???%%‘-i%z% rgr@ﬁ %lld% %ﬁ%qg%?gb glgxﬁ?r%frl?t\éﬁ%patlugﬁ4§§§&(°ﬁ%ﬂ? 01)
at 24 nont tigpatiengs | ilket seleptedcaibiectshizadamyes Betviveer 60rmls|@0 &&}&FJ et gilﬁiﬁif%(g o
dramatic rj i n ser 5, 25- zD2 which was partia of fset by a 50+%
decrease i 115“?@ e‘Fet?ﬁg’iag %(t@t}yéq%g’i R84 tlr a8/ Bt asr e d hy Ay akengegex-Tay
apparent i - - ‘ 2 . .

e Usosy 19505 IAS B AR, Eekhilon i aobane RBar e gyt
PTH decr easeidevditt st af ey Borstkeoapyo bifect Bohatr caddumenkiabaingh.by 25% at 1-4
weeks, relative to placebo therapy.

10083] On admission to the study, each subject was assigned at random to one of
two treatment groups; one group received up to a 104-week course of therapy with
10-(OH)Dy; the other received only placebo therapy. All subjects received instruction on
selecting a daily diet containing 700-900 mg of calcium and were advised to adhere to
this diet over the course of the study. Compliance to the diet was verified at regular

intervals by 24-hour food records and by interviews with each subject.

[0084] | During the treatment period, subjects from one group orally self-
administered 1a-(OH)D; at an initial dosage of 1.0 pg/day for one week, and increased
the dosage to 2.0, 3.0, 4.0 pg/day in each of the following weeks, to a maximum dosage
of 5.0 pg/day. The dosage for any given subject was increased in this way until the rate
of urinary calcium excretion was elevated to approximately 275-300 mg/24 hours,l at
which point the subject held the dosage constant at the highest level aitained. Subjects
from the second group self-administered a matching placebo medication every day,
titrating the apparent dosage upwards in the same manner as subjects being treated with
1a~-(OH)D,.

[0085] Spinal and femoral neck BMD were measured in all subjects by DEXA at
the beginning of the study, and at six-month intervals thereafter. Intestinal calcium
absorption was estimated in all subjects by a single isotope technique at the beginning of
the study, and at 12-month intervals. Serum levels of vitamin D metabolites were
determined by radioreceptor binding assays at baseline and at six-month intervals.
Serum osteocalcin, serum PTH and urine hydroxyproline also were determined at

baseline and at six-month intervals.




[00100] Senun | evels of osteocal cin were unchanged with Iong-tem%
|l a-(OH)DZ therapy. [00101] Fasting urine hydroxyproline:creati e’%%tzg&
tended to decrease with long-teen la-(OH) DZ treatnent but the observed
~dirfferences between the 1 a-(OH)DZ and placebo treatnment groups were not
si gni f{yePeLh ifferent. [00102] The results. of this s ]y
i ndi cated t Sg%ﬂl a-(OH) DZ can be tolerated in higher I%ﬁg)ﬁtsgjfﬁ% aily
dosages than the commonly used vitam n D3 anal ogues. They al so showed t hat
la-(OH)DZ is well tolerated in postnengpgusal wonen at |ong-term dosages
in the ran8e of .2.0 to 3.0 g/day, provided that individuals exhibiting
abnor mal | YOPR63h ur i K¥herablviod randewrsies clijashisinics overe amenivirad at veguiam mBkrvAler apy)
are excluyded fromtreatnment. J.ong-termadmnistration of such high dosages
of 1 a-(oﬁﬁﬁggﬂé“i g]?ﬁ“ﬂe’g‘a%?ﬂ‘?- rtlbfﬁg@%e SI‘B@é’ﬁ%f{ SRR @iie, sEuf iemEedl
neck, ! he calefim MiBRURMwh! bRSd Wrea AHOBERAEAI CrldAiftfil UriScrea HRRCGIRARML V@
effects on bone were acconpani ed by a sustained 1ncrease in Nt esthal

cal ci um a¥dérgprureier-hhdder GISBhk-ned wiae obtesed ot besminmaRd ki 1Fhemth inedrealsot
acconpani ?l?erg e(r:I ear long-termtrends in senun osteocal cin and urine

hydr oxypr ol i neé.” Taken together, the results of this study denonstrate that
la-(OH)DZ is safe and effective in the treatnent of postnenopausal or
senil e osgewqrosi S ThoeesNtd aF thelstudyare MiahRNsQ] Hism St udi es Exanpl e 3: Open
Label Study in End Stage Renal Di sease Patients Exhibiting Secondary

Hyper par at ha/r oi di sm [ 00103] Five end st aicfxe renal disease patients were
enrol | ed (9084 open Subissts: sYixigysubjctisenselleddinedha avdsenigindibydngded tctereen 36

and 72 yeaks d n Lalxsis for. at |east. 4 nt prior to
enrol | rrent% "2%.{%2: Pa i'e%ﬂg%c%@ﬁ%%gsn 5§v %8%3&1{?%8%??%5{%%% qi% R r ange
of 3.0 to27gkmecbilamds] atedis édnfetdd &b logtionhl cbdiad RS diRafRiihs prior to
enrol Il nent (oRen controlled by oral calciumas a phosphate binder e.g.,

cal ci um ? 4 l]\/AR 2005 WD 03/.088976 )
0089 Test Drup Dosages: The average prescribed dosage for subjects who

received 1a-(OH)D; was 4.2 pg/day at 52 weeks and 3.6 pg/day at 104 weeks. The
average prescribed dosage for placebo subjects was an apparent 4.8 pg/day at 52 weeks
and 4.8 pg/day at 104 weeks.

[0090] Exclusions: One subject failed to comply with the prescribed dosage of
test drug, as confirmed by an absence of serum 1,25-(OH),D; at any tjime during the
study. Data for this subject were excluded from analysis. Three patients were diagnosed
with hyperparathyroidism when the PTH assays were comp]ete& (in batch) at the study's
conclusion; data for these subjects were excluded from analysis. No subjects were
excluded from analysis for noncompliance with the required dietary calcium intake of
700-900 mg/day.

[0091] Episodes of Hypercalcemia/Hypercalciuda:  Marked hypercalcemia

(>10.8 mg/dL) occumed in one subject in association with an intercurrent illness. The
prescribed dosage of 10-(OH)D, at the time of this episode was 5.0 pg/day. Moderate
hypercalcemia (10.4-10.8 mg/dL) occurred in two subjects over the course of the stady at
prescribed dosages of 5.0 pg/day. Mild hypercalcemia (10.2-10.4 mg/dL) occurred in
four subjects in the first year and in two subjects in the second year. Hypercalciuria was

observed occasionally over the two-year study in 17 subjects treated with 1a-(OH)D,.

[0092] Serum _ Calcium/Tonized _ Caleium: Méan serum caleium was

approximately 0.1 to 0.2 mg/dL higher in subjects treated with 1¢~(OH)D, than in



PCT/ US03/ 12013 - 32car bonate or cal cium acetate), and had a history of

el evated serum PTH val ues of greater than 400 pg/ nL when not reﬁe' )q ng
la, 25- (OH) zD3 therapy. [00104] Each patient had been receiving & MAR 2005
la, 25-(OH)zZD3 prior to enrollment, and discontinued the 1a, 25-(OH)zZD3

t her apy I el weeks prior to receiving la-(OH)DZ. After 8 weeks, the -
pati ent ﬁ(?g%’gés\%% treatment of la-(OH) D2 at a dosage of &¢J/&y1383 6
weeks. Throughout the ei'ght-week washout period and the treatnent period,
patients were nonitored weekly or biweekhy for serumintact PTH I evel and
weekly for excessive elevation in serumlevels of calciumand phosphons.
[00105] Threwkigtisdreatedevitia plesabo.pdhisatifferedcd weatiyaificamePods) paly &irfy the
underwent rout.i ne h di.al ysi 3 tines, per week) using a 1.25 mM cal ci um
di al ysat e. 5952 %?%&%?@@?ﬁidﬁ\ééﬁhF?WaW%MIWOWa%@WW%@Y&% phat e
bi nders (19| 1@umelae B in Ga)icti? tre B8 RAF M I?psphor us |l evels below 6.9

ng/ dL. [ 00106] %'veraglg baseljiene \?al ues wergB S ol l ows: serum PTH - 480f 21
pg/m; serum Ca - 8f0.3 ng/nlL and serum phosphorus - S.1f0.2 nglnl. Irr
three pati &%) ser limbmTHaltéume e winec@Wiu 4foransdd 8 Hin g e iaMeitwEeks .

I n the other .j tients sgr.um PTH decl i.ned by 33%in_one and 3% in .the
ot her aft ePelfll%%?n 5@8%@?6%%%6aﬁﬁﬁo%ef’:ﬂ?f %%"F{:LPIH%?%&EE@ ‘iﬂm‘ﬂg Wasl5fb/80ahil'ﬁ%3 f
9% af ter twishapgp< , i <0.05). Serum
cal cium (ng/dL) Qm@q%wqﬁg%?ﬁ%d& ﬂéarll{j@gl?gﬁ%é%%%ﬁ?k@) and)ser um

phosphor us épng/dL) was 5.4 f 0.5 and 5.5 f 0.8 at two and four weeks,
respect i vel§09\S) . Adidney Hugetiamm Foldignifivant blengecwert ttxefvedvith Yeekeraf

b e L LI
10. 3-11. 4 : | =
rey/cale)l rb%hoﬁﬁa\dﬁfe’éWczt@é%é%@?ﬁ%&h&%%%%gﬂ%g?ﬂ{%ﬁsﬁ@g verse

effects occurred. At 4-6 weeks of 1
weekly, four of five patients were in the target range of serum PTH, serum
cal ci um wat083}o f o.lifﬁ&g/%mlean@egaéﬂmﬁtp@@ﬁhbmuhga 18-13t fertebraz progetksivaige

pati ent wh I . g d S| ks of. 1 a- DZ treatnent had a
del ayed re%ﬁgﬁ‘féé‘?t@ (Ijﬁlglé{ ﬁf?lﬁg[??r %\E/%Wgﬁt)s(aﬂ n%c%ef‘%i iy B‘(af%aootlreaéﬂ?qti%’re{' thed®i@r i ng
several nogtdrsstudf. t Thatditbienbeliar HiseBPHEWRh| the Se&uatRT Eovas Ulf‘e%m%;@
this patient fell by 38%after ight weeks of 1 a-(OH)DZ treatnent. These

e
dat a show FRESHICRIY-Sgmgesnt; @<0105) aller ddsnantes of keintfent. tSiwileonbanges ofere

secondary RByResrfpzakl el i | . di se atients. 4 Mai

. 200 WD 03/088976 PC@%%O%%E%@ %@‘é@%%‘?@iﬁg%%’ﬁ%‘?te&%feﬁ%@ Sﬁ?’egffgﬁane
~in End St agdnRetiz (PBOOAS end24 entls (PORLOYIf thatri@ltve- nont h doubl e- bl i nd

pl acebo-controlled clinical trial is conducted with thirty-five nen and

it h | di wh i hroni ¢ herodi al ysis. ALl
nomen wi GRS o Seagg o gt UrgeLgoing o hed oLy o ALl e
a mai nt enaiee8as By abvy (R0 ) BBt @@e@iésd&w)a-@flﬁﬁrth&ﬁbg, a&my E’é%%&bﬁj’

! t}he patients are random zed into two treatnent groups: One group receives a
constant aldesd§d wreks af { @{PBDDe thdrapy, relativids aipeclyr eattel. t han 3.0 g/ day) and
the other group receives a matching placebo. Both treatnent groups receive

a mai nt ena osage Vi ' .maintain a,nor i.nt ake of dietary
cal ci um aﬁ{?@?gf r ai nﬁ%&nﬁﬁlﬁ%ﬂ%&b@% Uﬁ{eaéﬁ !‘@%_ﬁ?g.gl}%balcaﬁ%ﬁdcﬁ’rﬁﬁesswe
phosphat e tncrede¢ssinatieansee@nastal eGSO, DR MoBiP<E 65 4P sid 51\6%{11% 18499
phosphorus_bel o .0 mg/dL. Efficacy is evaluated by pre- an
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post -t r eat @Peﬁ%m\glcﬁrr%‘ém%iﬁs 1Q}ptivendo tolrsebaitthenpy.gr Bhipsinvichse regied fran(a)
di t . I i | ci b tiqp, (b | body .
ol o1 um ¢ R AEBE s i beru1 €05 ORDITAEH B AT Myt trhsDEVS Goshepet oy
det er mi natsepims 06,254OURDA| NO NSRS LRATRes SRS phdnt GY AbHAh adiY

regul ar nmopitoring of serumcal ci um
g 35-(CH)D?



[00108] Analysis of the clinical data show that la-(OH) Dz significantly
increases serumosteocalcin levels and intestinal calcium absorpﬂi@MARa%ﬂs
determ ned by direct measurenent using a doubl e-isotope technique. '
Patients treated with | a-(OH) DZ show normalized serum cal cium | evels,

- stable es for total body calcium and stable radial and spinal bone

~ densi tl“ye(g&#‘gg%{"tﬁi ve to baseline values. In contrast, patPehiUS0¥r8t ed with

pl acebo show frequent hypocal cem a, significant reductions in total body
calciumand radial and spinal bone de_gii ty. An insignificant incidence of
hypercal cem a is observed in the treated group. Exanple 5: Doubl e-blind
Study in [BOSRTSt age Béguenti}as PasmefdnSRD) Patients Exhibiting Secondary

Hyper par at hyroi di sm [ 00109] Up to 120 ESRD (End Stage Renal Di sease)

pati ents undergoi ng _chronic_ henodial ysis aze studied in a nulticenter,
doubl e- bI PR pI aceBerwbdeveds & PIH yigpreasedewith el (@B pahdrapy dyr 82%det i n

t ' |31 0 1.4 Qi : t] tal US., h
petwooh 78 BrdTaa AL B A e b Bl ey, " %

hyper par at hyroi dism They have been on henodi alysis for at |east four
mont hs, H@0E0G nor mBkrupoleveiast dhtsodEloin wetednMNRz2AGRINVRMRILARIXOH)D,
PCT/ U503/.12013 -34serum al bum n, and have control |l ed serum phosphorus
(of ten by"*&¥PHg oral cal ci um phosphate binders). [00110] On admi ssion to
the study, each patient is assigned at randomto one of two treatnent

gr oups. t hes | AND), J- -week, cour ses ,of
t her apy \%1@ tg %@fﬂ a- ( d%l %EI%UP ﬁgé gﬁﬁ%’%ﬁ%@é@\%@%@%%@%é#@& % éieﬁ)rfeaﬁ%é“?g]py
with 1 cilog@kirld-¢OE)Me treatmientiouttthd di‘ris&fvl’edEiﬁ@mcebbe@eéﬁtﬁwg@'ﬂm;ﬁﬁ}@f
pl acebo ther By. Fach patient discgontinues_any 1la, 25-(OH)zZD3 therapy for
ei ght wedkd eg SRRt SAPERSAY TR §OY saemingany difisenipy (4 g/ day). Throughout

this eight-week washout (or control) period and the two subsequent 12-week

treat nentjopesdiods, PRL L&ALS 0PRSS ﬁ‘&ﬁ’ relss n%%%l ?}mf[)?&—tg?)&-fée E}GS%I? giﬁ@g}a?er&j

phosphorus. Serumintact PTH i's nonitor
bone- speaifhighes dpngriemer dalysdossges thanviht aminmoblymeded bilahfie D, apelogieal Pheyi n,

bl ood chem styries, ..h in .and_hematocrit are nonitored at sel ected

i nterval _sa?go[ R tﬁﬁm 1§tWCYOT%é?gé%PQSWB%?%BJrWWﬁ@ Hensérre ysi s

(three tidmRszdeetn WheKyardsi BY 220 1024 0 @ﬁl ChriRaeld an¥s ah &Rk ’égﬁi%hin lcium
ona e) in

phosphat e_bi nders (such as cal ci um car t'e or cal cium acetat
amount suonpEndht high kbl sdrium pvebpheben contecsivingl ViGrdn My Akkrppy)Patd ent s

who d I i iLdih I i j | ) h tem.a _duri
the tr eatouREETIoH FRholht CLMRERA YRR G s uch Bt 6 s ber
week (or sigufiednilyRetibedl fonehossdR i) §ihdBiakRehoPy lﬂ@élﬁ%&ﬁf&@f‘r@%uéﬁ%ﬂf@sdof

hyper phosphatem a i mredi atel y suspend treatnent. Such patients are

noni t or e®SECPPIRtedTac8ERS-y Thereaovisive effaets bn bhee wercapcombeiiadnbyra pistdyor us
i s nor malj : - i ng.a rate which i t hree
i nes perlh(\'/zr\g%lg I?Q%CF?V\%??AIM aﬁQth‘Po% g?dsa Okt AlePad-BlaSe 111 sefum 1§TI41 gThey

' were not accompanied by clear long-term trends in serum osteocalcin and wrine

hydroxyproline. Taken together, the results of this study demonstrate that 1o-(OH)D; is

safe and effective in the treatment of postmenopausal or senile osteoporosis.
Secondary Hyperparathyroidism Studies

Example 3:  Open Label Study in End Stage Renal Disease Patients Exhibiting
Secondary Hyperparathyroidism

{00103] Five end stage renal disease patients were enrolled in an open label study.
The selected patients had ages between 36 and 72 years and had been on hemodialysis
for at least 4 months prior to enrollment. The patients each had an average serum
phosphorus in the range of 3.0 to less than or equal to 6.9 mg/dL during the two months

prior to enroliment (often controlled by oral calcium as a phosphate binder e.g., calcium



[00112] During the eight-week washout period, the nean ser umlﬁvel of PTH
i ncreases progressively and significantly. After initiation of I%M@\Q—lﬂm
dosi ng, nean serum PTH decreases significantly to | ess than 50% of
pretreatnent levels. Due to this drop in serum PTH, sone patients need to
reduce elr age of la-(OH)DZ to 4g three tinmes per week (or to even

| ower I%e‘?%%sg% prevent excessive suppression of serum PEHUSPHINEEN
patients, exhibiting excessive suppression of serum PTH, transient mld
hypercal cem a i s observed, which is corfygected by appropriate reductions in
| a- (OH) Dz dosages. D ~ MAC ~~~~ WO 03/*%%8976 PCT/ US03/ 12013 -35[00113] At

the end otatbagatbior shichin weakie}], he@h®ALIsARY 0@ dlevhRdRemed WIHRMBhdsSofi gedidre
desired range of 130 to 240 pg/nL and serum | evel s of cal ci um and
phosphor uthay@0ne/mé) Wan pelaecehonsbl. 25 6P therape renal di sease patients.

For the placebo group, at the end of the second 12-week treatnent period

(during wh ime l@.: | S Re and: | aced by pl.acebo
thor apy) + gAY o7 sl Rl R SRS ik 78 BTt By
level s. THissostincby tile ToRS(GHED; thwipy fot eidha wWeekh Phot fo alctRéid Y& (OMD..
reduci ng serum PTH | evel s, and la-(OH)DZ is _safer than currently used

2
t her api es AfESpveds; the netignis Fe@g@)édﬁﬁw of dad (D Ehat adlesage off Yne/day &ors of
| | ci i . : bel .St f Elderly, '
SECT TR Ty e

Thirty el eegibnonitbiedoveckly bibiseekpdar senity PeERIN A hyvebart weelay Soresicedsived i n
an open | abel study. The sel ected subjects have ages between 60 and 100
years and chagborieieawadeds ofifialsiym aad Bhasphefugat er t han the upper linmit of
young normal range). Subjects al so have fenoral neck osteopenia (fenoral

neck bone pfg al de%ﬁ’o ) andl subiqe st ed
to keep a[g?g{%ﬁpr ovi di gg%oglfpt)}h(?x\??r%lg ‘é?é&%oan#g@%ﬁl ?:%‘t m pélf %%?%wﬁ?#gﬁg ]%t he
use of calrontim Isapplidysint(3 finfes peawewe| nsingie ¢ 5tnehddienm dielysad, THebjagwt S

"~ self-admnister, orally 2.5 g/day la-(OH)Dz. At reqular_interval s throughout
the treat ﬁ%%ﬁsteseﬁl%ésgwa?fé@ﬁ%%wémﬁ%ﬁ B*a%aﬁﬂffsrbnéff%m-ﬁ% slaaganal, Caeloum
cal ci um a'ik@g;%’t‘i‘éﬂ}ﬂ{o%ﬁho OflvHE bBRwWRY GigMm and phosphorus |evels. Efficacy

is evaluated by pre- ‘and post-treatnment” conpari sons of serum PTH | evel s.
Safety is evaluated by serum and urine cal ciumand phosphorus val ues.
[00116] THEOHWN ni stAwtragmbaselitavelOe) BErd &8s &lows: serusi FATT i d8AERY pebalice

A WAL L N
serum PTH decreased by 68%, 74% and 87% after two weeks. In the other two patients,
serum PTH declined by 33% in one and 3% in the other after four weeks. Overall, serum
PTH decreased by 49 + 17% and 33 + 9% after two and four weeks of 1u~-OH-D,,

3 respectively, (p<0.05). Serum calcium (img/dL) was 10.2 + 0.4 (p<0.05) and 9.8 + 0.2
(INS) and semum phosphorus (mg/dL) was 5.4 & 0.5 and 5.5 + 0.8 at two and four weeks,
respectively (NS). A rise in serum PTH from the second to fourth weeks of 1a-(OH)D,
treatment occurred when 1o-(OH)D, was withheld in three patients with serum PTH <
130, they developed mild hypercalcemia (serum calcium, 10.3-11.4 mg/dL) that reversed
after stopping 1a-(OH)D,. No other adverse effects occurred. At 4-6 weeks 6f
1a-(OH)D; treatment of 4 pg, thrice weekly, four of five patients were in the target range
of serum PTH; serum calcium was 10.0 £ 0.2 mg/dl, and serum phosphorus, 5.3
0.2 mg/dL. The patient who failed to respond to six weeks of 1a-(OH)D; treatment had a
delayed response to both infravenous and oral caleitriol earlier, requiring several months
of treatment before serum PTH fell. Serum PTH values in this patient fell by 38% afier
eight weeks of 10-(OH)D; treatment. These data show that 1a-(OH)D; is efficacious and

safe for the control of secondary hyperparathyroidism in end stage renal disease patients.



Exanpl e 7: Double Blind Study of Open Label Study of Elderly Subjects with
El evat ed Bl ood PTH from Secondary Hyper parat hyroidism[00117] A QV@M 2005
nont h doubl e- bl i nd pl acebo-controlled clinical trial is conducte i

- forty subjects with secondary hyperpazathyroidism The sel ected subjects

have S en 60 and 100 years and have a history of secondary 0 4 MAR
2005 %%0(9?08%76 PCT/ US03/ 12013 - 36hyper par at hyr oi di snFCHYB)EE08 al so have
fermoral neck osteopenia (fenoral neck bone mineral density of < 0.70
g/cnR). [00118] Al subjects enter asix;week control period after which the
subj ects are random zed into two treaffEnt groups: one group receives a

const ant Elosagle 40f Dbnigé Bind1Studd of Boh & IVENE Staghk Reald9sane Patiggie’ than
7.5 g/day), and the other group receives a natching placebo. Both groups

mai ntain _a normal intake of dietary calciumw thout the use of cal cium

suppl enedt@l07Es 1 i caty twslvevaoniht seublphiiad aracebosontreed nelimicadoryial i ons of

the two ' . | intact. PTH (i PTH) ;. (b), radial,
f enor al %ﬁ’g&‘g%%dn%f]ﬁﬁw %e@gﬁgaﬂ%gnég?éﬁ)\gﬁ T %31 %IS%agig s%g%:_?am émﬁ?rigﬁ’élg
mar kers  (chranic hayo didfysisuAIC pakstsi dbke an eBaftatoeki onBYPpideFhiRY Widdh B/fUM
cal cium and phosphorus, and (b) urine_ calciumand phosphorus.” [00119]
Anal ysi s 1R3Y ToR8IVE |3 HAREManss ¢oss inéwitamin D1 4400I/dpy)zDAter Gas ¢ondroh prxiod,
decr easesyd B r r . Subjects treated with this
corrpound%%éh %ﬁ@%&?‘%@gﬁ%gé ‘?f“d’t‘ﬁ *%\%F@ %ﬁgﬁ%t B?Jgr?ué’d{eﬁ?wﬁsna °§B§tf’|’gl bone
densi t i eslosgdeats ta-(0)Das@liidiea \iakapesgrehtes ﬂ@@ﬂB!OE)ﬁg/daﬁ?\&ﬂdeﬂiesoﬂléle%&%g with
n

pl acebo show no reduction in i PTH and bone-specific urine markers.

i nsi gni f T8EHYCS] hEjaidHEePigechey pBedaireaneal grouphseseivsd Mmminthrance dasagerat

9roupP- vitamin Ds, maintain a normal intake of dietary calcium, and refrain from using calcium
supplements. Oral calcium phosphate binders aré used as necessary to maintain serum
levels of phosphorus below 7.0 mg/dL. Efficacy is evaluated by} pre- and post-treatment
comparisons of the two patient groups with regard to (a) direct measurcments of
intestinal calcium absorption, (b} total body calcium retention, (c) radial and spinal bone

mineral density, and (d) determinations of serum calcium and osteocalcin. Safety is

evaluated by regular monitoring of serum caleium.

[00108] Analysis of the clinical data show that 1a-(OH)D, significantly increases
serum osteocalcin levels and intestinal calcium absorption, as determined by direct
“ measurement using a double-isotope technique. Patients treated with 10-(OE)D; show
normalized serum calcium levels, stable values for total body calcium, and stable radial
and spinal bone densities'relative to baseline values. In contrast, patients treated with
placebo show frequent hypocalcemia, significant reductions in total body calcium and
radial and spinal bone density. An insignificant incidence of hypercalcemia is observed

in the treated group.

Example 5: Double-blind Study in Enﬁ Stage Renal Disease (ESRD) Patients
Exhibiting Secondary Hyperparathyroidism

[00109] Up to 120 ESRD (End Stage Renal Disease) patients undergoing chronic

hemodialysis are studied in a multicenter, double-blind, placeﬁo—controlled study. The

selected patients reside in two major metropolitan areas within the continental U.S., have

ages between 20 and 75 years and have a history of secondary hyperparathyroidism.

They have been on hemodialysis for at least four months, have a normal (or near normal)



Secondary and Tertiary Hyperparathyroidi sm Study Exanple 8: Open Label
Study of Renal Patients with Sufficiently Elevafed Bl ood PTH frgm %go?@gry
and Tertiary Hyperparathyroidi sm[00120] Fourteen renal patients enfol
inaclinical trial to study secondary hyperparathyroi di smshowed basel i ne

| PTH | I ter than 1000 pg/nL (range: 1015-4706 pg/nL). These greatly
el evat :\&?)loé{}yg@?g‘i ndi cated a conponent of the disease as ?@T%Jﬁ%qﬂ”(q e, ‘

gl andul ar enl argenent but continued presence of vitamn D receptors) to the
gland as well as a conponent secondary ég the | oss. of renal function. The
initial dose of la-(OH)DZ {10g - 3 tines/week) was increased (maxi mum 20 g

- 3 ti meslseipeklb@ning @64 aase toaoNQT 8&aa YhdsphahdsdioRea s, MBhHLRRINCAIBRE i 0
the range of 150-300 pg/nL. After 11-12 weeks of treatment, the i PTH levels

of all buthegRhaisbindeshati ents had decreased to bel ow-1000 pg/nL, and the
I PTH  evel s in nine of the patients had 0 4 MAR 2QX15 WD 03/ 088976

PCT/ US03/ - 37de .10, bel [, ere re _ng _epjsodes..of
hyper cal ciﬁq&;ﬁ\b th tﬁ{eleaggﬁ%é%? S?S}P(}lug"lg H%Qg%ﬂ&%@@g#g?&n%onﬂo one of

Pl acebo- Caworttatraeht Sirowhs. Gnefd fdBedeyerSiuty)j re6digesnionedabsvaive d2 BleR GofikEs 5f om
1, 25(0OH) ZzD3 Defi ciency_ Associ ated W.-th ARVDD ggndrorre 00121] Si xt&HeI derly

subj ect s VhemPyahskoetOI; thegrhar resiae)a I week reuremeftherspp it b (QHIM,

ARVDD : i i.ad. phacebo- | | ed st udy. .The, |
St oot oo SuiPEef POk Shichotith Tabh 2O RIAEER% EEPLESin ey adurdinter um
PTH | evel sli§@hibdr miyhanzsineﬂ%@ﬁﬂuefa'?:mtbr efghh &eBRd phaNEL i zORR(GH

serum 1, 25(0OH) zD3 | evel s (bel ow the [ower I'imt of normal randge). Subjeécts
al so have thempy & ne@ar)- oEiresghonit thig pighbwark mwshous gerecominoBrperiod end ithey tvod

<0.70 g/c r%i)sequent 12-week treatment periods, patients are monitored weekly for serum calcium
and phosphorus. Serum intact PTH is monitored weekly or biweekly, and bone-specific
serum markers, serum  vitamin D metabolites, serum albumin, blood chemistries,

hemoglobin and hematocnit are monitored at selected intervals,

[00111] During the study, patients undergo routine hemodialysis (three times per
week) using a 1.24 mM calcium dialysate and ingest calcium phosphate binders (such as
calcium carbonate or calcium acetate) in an amount sufficient to keep serum phosphate
controlled (6.9 mg/dL). Patients who develop persistent mild hypercalcemia or mild
hyperphosphatemia during the treatment periods reduce their 10-(OH)D; dosage to 4 ug
three times per week (or lower). Patients who develop marked hypercalcernia or marked
hyperphosphatemia immediately suspend tr‘eatment. Such patients are monitored at
twice weekly intervals until the serum calcium or phosphorus is normalized, and resume -

la-(OH)D, dosing at a rate which is 4 ug three times per week (or lower).

[oo112] . During the eight-week washout period, the mean serim level of PTH
increases progressively and significantly. Afier initiation of 1o-(OH)D, dosing, mean
serum PTH decreases significantly to less than 50% of pretreatment levels. Due to this
drop in serum PTH, some patients need to reduce their dosage of 1a-(OH)D; to 4 pug
three times per week (or to even lower levels) to prevent excessive suppression of serum
PTH. In such patients, exhibiting excessive suppression of seﬁ:m PTH, transient mild
hypercalcemia is observed, which is comrected by appropriate reductions in 1a-(OH)D:

dosages.



[ 00122] Subjects are requested to keep a di et providing approximately 500

nmg of cal cium per day and are not to use cal ci um suppl enents. Fog twel ve
month treatnment period, thirty subjects self-admnister orally 2 @M&R 2005
| a- (OH) DZ once per week; the other thirty subjects self-adninister placebo

capsul €% Anssssper week. At regular intervals throughout s ment
period, subjects are nonitored for fenoral bone m neral Pé@ﬁgésff;?{?’serum PTH

| evel s, cal cium phosphorus and osteocal cin; and urine cal cium phosphorus
and hydroxyproline |evels. Qher safety.paranmeters nonitored include bl ood
urea nitrogen, serumcreatinine and créatinine clearance. Efficacy is

eval uat eq0by1 3r eandAptistenid sfahoding owpek tissitndperd®], witah THorde PIEs iaRd
femoral neck bone mneral densjity. Safety is evaluated by serum and urine

cal ci um hRidpwisd gargaef 134 tee240 pidmdomyd spremn denalnp e eitimogndophaspherorpny | s

shown to_si.gm i T : bid | [ hnc e nor al
neck bonél%%g%feéﬂalfeag}éé]sﬁ%&@hﬁ%% ﬂleﬁﬁs’l?dd%a% attiﬁ%%]&'i r#c‘%rélgen@ (Eaméobg5 @%ra‘éiﬁ?%em a
and hy perena@splﬁateeﬁiumzmkmaaﬁérﬁgﬁﬁoa (RirgipeyhicHnGid OR-(OE D eleitent Bxanpl e
10: Pl acebo-Caontrol:!l ed Study. of El erlgl Subjects_with Elevated Bl ood PTH
From 1, 25pengngdessamsieplaceh by phssbrthsrapy), vacantsgrunrlbE wywsmosrkedlyonceagses xt y

el derly subj i e £ Y | at ed
u th AR ProthcheRt BN IOIT Haly ebn gy o PR B8 e
0 4 MA ~ iR bemcieQeddh PAED T&reRCTHAIS0 ri38sfet Gphesrently esddthbayRsages
bet ween 50 and, 80 years and have el evated serum PTH | evels (greater than
t he upperdesiif its ighaoApsnees apd)eyncimgntiepy ekhigh lsetlsipf sradzeloiymmbopphiate s
(bel ow t dower linmt of normal range). Subjects also have fenoral neck
osteopenia (fenoral neck bone mineral density of <0.70 g(cnR). [00125]
Subj ects are requested to keep a diet providing approximately 500 ng of
cal ci um Examiply 6andOpee Labtl $tadyoé Mddrdy SobRupplichBMvatedBlood PTHIfyennoNt h

treatment period, S&bﬁﬁﬂrﬁﬂzbmaﬂﬂkﬁiﬂm nister orally 100 g of
1, 24(OH) ZDZ once per week; the other thirty subjects self-adm nister

pl acebo qapsuiles onTigrtpesldMBekubjdis heGUicRbndaRy Biy¥@baratthRéiakah ot cdiBBed
treatment. period, subjects aze nonitored for fenpbral bone mneral density;

ser um PTHR[aaepes lahehsidym Thenwigstrer tibiasirohaystagee etoiean 6Qrradukd0necacsbd um
phosphor r e R e f ety par ters ni_t ored
not ude. HRgaa kSRR OISR SRR ISR BEIBRAT RaERI R
Ef fi cacy Subjewedisshsad foyopd hatklopesients (EahsaNieckOBpa Hiseabdalkity oF &, R H

| evel s and fgnoral neck bone mineral density. Safety is evaluated by serum
and uri né?¢8l)ci um and phosphorus val ues.

[00115] Subjects are requested to keep a diet providing approximately 500 mg
calcium per day without the use of calcium supplements. For a twelve week treatment
period, subjects self-administer orally 2.5 pg/day 10-(OH)D;. At regular intervals
throughout the treatment period, subjects are monitored for serum PTH levels, serum
calcinm and phosphorus, and urine calcium and phosphorus levels. Efficacy is evaluated

by pre- and post-ireatment comparisons of serum PTH levels. Safety is evaluated by

serum and urine calcium and phosphorus values.

[00116] The admamistration of 1a~-(OH)D, is shown to significantly reduce PTH
levels with an insignificant incidence of hypercalcemia, hjfperphosphatenﬁa,

hypercalciuria and hyperphosphaturia.

Example 7: Double Blind Study of Open Label Study of Elderly Subjects with
Elevated Blood PTH from Secondary Hyperparathyroidism

[00117] A twelve month double-blind placebo-controlled clinical trial is
conducted with forty subjects with secondary hyperparathyroidism. The selected
subjects have ages between 60 and 100 years and have a history of secondary



[00126] The administration of 1,24(0OH)ZDZ is shown to signifi carﬁjl y..reduce
PTH Ilevels and stabilize or increase fenoral neck bone m neral érMARyZUU'j
with an insignificant incidence of hypercal cem a and hyperphosphat enm a and
no effect on kidney function pazanmeters. [00127] In summary, the present

I nventi &r},@ﬁﬂes t herapeutic nethods for treating hyper}lgazath roi di sm
associ at'ed W th agi ng and/ or ARVDD. The present inventi 8RTAS¥I B Dvi des a
met hod of treating and preventing one or nore of the conditions included
wi thin the syndrone of ARVDD, e.g., (1),primary vitamn D deficiency, (2)
1, 25- (OH) ZD3 deficiency, and (3) 1, 25-(0OH) ZDa resistance. The nethods are

sui t abl e figpetpavliyro@lieh.e\Gaibfdtsbalew Havafemidryl édk bRédmRenR: (feviets neflt bone

mai ntai ning, |owered bl ood PTH, | evels in subjects with ARVDD syndrome. The
met hods i Feinged densdlyiafis?-4P gt an ef fective anount of an active vitanin D
conpound utilizing a variety of treatnent protocols. The nethod in

accor danc ' t he ol :Qr LORLE L r

) per ol aoo g RLGREtbi NEH SR AR on R EBINE RN HulBale Eats A
PCT/ US03/ h204@niz80 1001263 tMhintent tdreupst @ae ndroup wetdivesna Raastaswdbegs of 15
described and exenplified with sone specificit those skilled in the art

W T appr o4 4% 1ERA-(OEDRu &0 hisiar dasags SFeter thams ddREgaYardttherpiher group
|| appr Ad-( ¢ r _ T EOp
raor t moreBafe Mt plabala. "BYR IR Sal il Wor AP 1 ET o ARAEY By | |

t he presenyithout éind userofaaldivoh atppldieeis Opfficady ishwalpnrddtprenvenbostiireB@nent
limted solely by the. broadest interpretation that |awf ul I_g can_be

accor ded teRspsedidthe typmatientoergupgyath segsrdnty (2 10Bgdy TH30) 1adia

fermoral and spinal bone mineral density; and (c) bone-specific urine markess (e.g.,
pyridinium crosslinks). Safety is evaluated by (a) serum calcivm and phosphorus, and

{b) urine calcium and phosphorus.

[00119] Analysis of the clinical data show that 1¢,24-(OH),D; significantly
decreases iPTH and bone specific urine markers. Subjects freated with this compound
show normal serum calcium levels and stable radial and spinal bone densities relative to
baseline values. In contrast, patients treated with placebo show no reduction in iPTH and
bone-specific urine markers. An insignificant incidence of hypercalcemia is observed in

the treatment group.
Secondary and Tertiary Hyperparathyroidism Study

Example 8: Open Label Study of Renal Patients with Sufficiently Elevated Blood
_ PTH from Secondary and Tertiary Hyperparathyroidism

[00120] Fourteen renal patients enrolled in a clinical trial to study secondary
hyperparathyroidism showed baseline iPTH levels greater than 1000 pg/mL (range:
1015-4706 pg/mL). These greatly elevated levels indicated a component of the disease
as tertiary (i.e., glandular enlargement but continued presence of vitamin D receptors) to
the gland as well as a component secondary to the loss of renal function. The initial dose
of 10-(OH)D; (10 pg - 3 times/week) was imcreased (maximum, 20 pg - 3 times/ week)
or decreased as necessary to attain and maintain iPTH in the range of 150-300 pg/mL.
After 11-12 weeks of treatment, the iPTH levels of all but two of the patients had
decreased to below 1000 pg/ml, and the iPTH levels in nine of the patients had



-40 CLAIMS 1. A nethod of treating hyperparathyroidi smassoci at ed with

aging, conprising admnistering to a subject suffering therefrom f ﬁ}qgu%q}gg
of active vitamn D fornula sufficient to lower or nmaintain |owered bl oo
par at hyroid hormone (PTH) levels. 2. A nethod in accordance with claiml1,

wher ei rparathyroidismis associated with Agi Rel ated Vitamn D
Def | m‘g Bf%DDI)O synd%/ome 3. A method in accordance K%F’EH SB 2,
wherein the ARVDD syndrone includes one or nore conditions which is (1)
primary vitam n D deficiency, (2) 1, 25__gj]_hydr oxyvitam n D3 deficiency, and
(3) 1, 25-di hydroxyvitam n D3 resistanc 4. A method in accordance with

claim 2, debsresdiid beloacSi® @githl.amher® wete aichyslEies Vet By eI RaRRHN G Of
formula (1). vvherel n A~ and AZ each are hydrogen or together represent a

. car bon- AW IBER&thet Y. f or mi ng a doubl e bond between G-22 and C-23; Rl
and RZ are identical or different and are hydrogen hydroxyl, |ower alkyl,

“lower fl L, tiver Iur IknyI
O | over ;il@iﬂﬁé]:éﬁ aké’d/éﬁf:o ol elelg)gub}] ‘%{W\%m th the
provi so that both amﬁk 3t %g eff%@“%fﬁ“é?ﬁ‘@ t oget her
with the Q4 MAR
{00121} Sixty elderly subjects with elevated PTH from 1,25(0H),D; deﬁcxency
associated with ARVDD syndrome are enrolled in a blind placebo-controlled study. The
selected subjects have ages between 50 and 80 years and have elevated serum PTH levels
(greater than the upper limit of normal range) and depressed serum 1,25(0H),Ds levels

(below the lower limit of normal range). Subjects also have femoral neck osteopenia

(femoral neck bone mineral density of <0.70 g/cm?).

[00122] Subjects are requested to keep a diet providing approximately 500 mg of
calcium per day and are not to use calcium supplements. For a twelve month treatment
period, thirty subjects self-administer orally 20 pg of la-(OH)D, once per week; the
other thirty subjects self-administer placebo capsules once per week. At regular intervals
throughout the treatment period, subjects are monitored for femoral bone mineral
density; serum PTH levels, calcium, phosphorus and osteocalcin; and urine caleium,
phosphorus and hydroxyproline levels. Other safety parameters monitored include blood
urea nitrogen, serum creatinine and creatinine clearance. Efficacy is e\‘raluated by pre- l
and post-treatment comparisons of serum PTH levels and femoral neck bone mineral

density. Safety is evaluated by serum and urinie calcium and phosphorus values.

[00123] The administration of 1a-(OH)D; is shown to significantly reduce PTH
levels and stabilize or increase femoral neck bone mineral density with an insignificant
incidence of hypercalcemia and hyperphosphatemia, and no effect on kidney function

pararneters.

Example 10: Placebo-Controlled Study of Elderly Subjects with Elevated Blood
PTH From 1,25(0H),D; Deficiency Associated With ARVDD
Syndrome

[00124] Sixty elderly subjects with elevated PTH from 1,25(0H).D; deficiency

associated with ARVDD syndrome are enrolled in a blind placebo-controlled study. The



WO 03/038976 PCT/ US03/12013 -41carbon to which they are bonded, no_rfrmﬁ
C3-Cs cyclooazbon ring; R3 is lower alkyl, |ower alkenyl, |ower R 2005
fluoroal kyl, lower fluoroalkenyl, O lower alkyl, O1lower alkenyl, OIower
acyl, Oaromatic acyl or l|ower cycloal kyl; X~ is hydrogen or hydroxyl XZ
S hydrgg(% /ﬁ{ fydroxyl, -or, is taken with R or R-, to constitute a double
bond; ydrogen or hydroxyl provided that at Ieast S/ B]03R/2013 X7 and

X3 is hydroxyl. 5. A nethod in accordance with claim3, wherein the
conpound of forrmula (I) is a hypocal cerrif hydr oxyvitam n D conmpound. 6. A
met hod in accordance with claim 2, wheré'% the active vitamn Dis a

| ahydr oxyviselacted sibjerphanechged betwesh 80 Ghd RO %(E’ér); N BhEL AcPleRRGnAS gélv g% €

hydr ogen or toget her_ represent acarbon-cazbon bond, thus form ng

bond bet wedFEEED 8128 e wpper- limit of mgrel ran@e)ua@érdapms«ed)semfrés(ﬂﬁ)zagaiemse
hydrogen, lyds® r Q O ower ,, | ower
al kenyl , Igywer ﬁ%éﬁ%ﬁ%ﬁ;‘#ﬂd&a e)a Hﬁ&?F . @q B%Gr QFpl n@ ?%?&Ptep@
acyl , Iovm(femalmmblkbma/mﬁhrzﬂhlenm)mﬂdmﬁ fei*hoth R~ and RZ cannot both be
an’ al kenyl, or taken together with the carbon to which they are bonded,

forma C3- Cs cycl ocazbon ring; R3 is |ower al kyI | ower al kenyl, | ower

f 1 uor oal kyl 01I2 r I o ower al ken O lotiver

acyl . O ar SAPPE acy PUHERAE PRI G 4 proviin dgbramatpus o pe ofand

X2 i's hydr oglemnopermaqrmwre nof to e daﬁ;klﬁﬂ sWh$1BmBItsOTFIR%, twle®r<CRBRH & ibtGeft

doubl e bond. t; AR 21~Q1~
penod thnty subjects self-administer orally 100 pg of 1 24(OH)2D2 once per week; the
_other thirty subjects self-administer placebo capsules once per week. At regular intervals
throughout the treatment period, subjects are monitored for femoral bone mineral
density; serum PTH levels, calcium, phosphorus and osteocalcin; and urine calcium,
phosphorus and hydroxyproline levels. Other safety parameters monitored include blood
urea nitrogen, serum creatinine and creatinine clearance. Efficacy is evaluated by per-

and post-treatment comparisons of serum PTH levels and femoral neck bone mineral

density. Safety is evaluated by serum and urine calcium and phosphorus values.

[00126] The administration of 1,24(0H),D, is shown to significantly reduce PTH
levels and stabilize or increase femoral neck bone mineral density with an insignificant

incidence of hypercalcemia and hyperphosphatemia and no effect on kidney finction

parameters.

[00127] In summary, the present invention provides therapeutic methods for
treating hyperparathyroidism associated with aging and/or ARVDD. The present
invention also provides a method of treating and preventing one or more of the
conditions mcluded within the syndrome of ARVDD, €.8., (1) primary vitamin D
deficiency, (2) 1,25-(OH),Ds deficiency, and (3) 1,25-(OH),Dj; resistance. The methods
are suitable for lowering elevated blood parathyroid hormone levels, or maintaining
lowered blood PTH levels in subjects with ARVDD syndrome. The methods include
administering an effective amount of an active vitamin D compound ntihzing a variety of
treaiment protocols.  The method in accordance with the present invention has

significantly less resultant hypercalcemia and hyperphosphatemia.



WO 03/ 038976 PCT/ US03/ 12013 -427. A nethod in accordance with cl ai&1 2, -

wherein the active vitamin D is a 24hydroxyvitam n D conpound of f r’:nmqg 2005

(I'V): wherein A\ and AZ each are hydrogen or together represent

~acar bon-carbon bond, thus form ng a double bond between C-22 and C 23; R
and RZWH dsg tlcal or different and are hydrogen, hydroxyl, |ower alkyl,

| ower o O lower allcyl, lower alkenyl, | owePCHIUfsdzkenyl ,

O | ower al kenyl O]ovver acyl, O aromatic acyl, lower cycloalkyl wth the

provi so that both R and RZ cannot bot g%spe an al kenyl, or taken together

with the carbon to which they are bonded, forma C3- cs cycl ocazbon ring;

R3is | omB}OlaB}(yl Whﬁﬂftheqirmnyinveﬁtmfﬁiasfﬂouﬂﬁééﬁ|dé¥énbeh%ﬂ'@rexEx{nﬂHﬁQ«f'v\}fﬁnyl ’
or

O | ower al kIX hower al kenyl O | owner cyl, Oaromatic ac ower
cycl oal kyFOmSEPFELifyy, H%j’é?n hiledy by they prt widl |aypﬂ¢9mta)@m1 vamoumymtrdwﬁgfdtmn@,r is
taken wt u ubl e 0

. accor daniglgﬁdu%] %1%?6%% 2 gltr(%llg n&ﬁ]gng%ﬁl\?e e Iﬂl?cg"e I’(a’éﬁ‘gi@?vbfie&m n

D4: 1a, 25dekctiyett. oAWmﬂmgln 1D inted by 620 Xpeék iyt fic oM n
amn Dz; 1 a,25-di hydragfn%%tﬁg%%%n%ﬁbgg%abg’

D2; 1 a,24,25-trjh 0X

| a- di hydr ;R%‘FSFHH% 0‘%{%31 thakths paeksohie @msnntmvenn%n be limnited solely by the

la, 24, 25- m n D2 .or .24-hydroxyvitamn
4. 0 ~ %ﬁ%ggg%é%@gg?gﬁﬂéﬁ%ﬁiﬁﬁ CAPBENIRALAIMSY i n accor dance

with claim3 wherein the condition included with ARVDD syndrone is primry
vitam n D deficiency.




10. A method in accordance with claim 3 wherein the condition i[ﬁfl uded
within ARVDD syndrome is 1,25-di hydroxyvitanin D3 deficiency. . MARn&60d
in accordance with claim3 wherein the condition included within ARVDD
syndrone is 1, 25-di hydroxyvitam n D3 resistance. 12. A nethod in accordance
with cl w éosg@ﬁrei n the active vitanmin D conpound is co-administered with
at | east one agent characterized by said agent's abilityR3'¥¥aiegu3| oss of -
bone nmass, or bone mneral content inpatients. 13. A nethod in accordance
with claim1l2 wherein the agent is other,vitamin D conpounds, conjugated
estrogens, sodium fluorides, bisphosphonates, cobalamn, pertussin toxin

or boron. 14. A nethod in accordance with claim 12 wherein the vitamn D"
conpound is admnistered before, after or concurrently with the other
agent. 15. A nethod in accordance wit&LASm 2 wherein the active vitamn D
is admnistered in high dose on an intermttent or episodic dosing regine.

16. A methed ingaa ks i er el nt _of active.
vitanin D ?’s a %ﬂ%gg%ﬁﬁ%ﬁ %%ﬁa\%@gﬁffﬂ% ol So%g‘gec?(%]g‘o&%?l%ﬁaﬂmnf%g A
met hod i n aboivideitetork tshbjebaiuffdring thbrefreinart h@oast o Sctiviel FfnmnCDCRMRAUNT
is 1 a, 25'1%15“ droxyvitamn D3 or 1 a-di hydroxyvitamn D3. 18. A nethod in
accor dance® P%HHOQPWPP_L@' RABLED fowaed blopd paethereid harmere ldel¢velsnce per

week to once every 12 weeks.

2, A method in accordance with claim 1, wherein the hyperparathyroidism is
associated with Aging-Related Vitamin D Deficiency (ARVDD) syndrome.

3. A methed in accordance with claim 2, wherein the ARVDD syndrome includes
one or more conditions which is (1) primary vitamin D deficiency, (2) 1,25-
dihydroxyvitamin Ds deficiency, and (3) 1,25-dihydroxyvitamin Ds resistance.

4, A method in accordance with claim 2, wherein the active vitamin D is a

hydroxyvitamin D compound of formula (D:

wherein A' and A? each ars hydrogen or together represent a carbon-carbon bond, thus
forming a double bond between C-22 and C-23; R' and R? are identical or different and
are hydrogen, hydroxyl, lower alkyl, lower fluoroalkyl, O-lower alkyl, lower alkenyl,
lower fluoroalkenyl, O-lower alkenyl, O-lower acyl, O-aromatic acyl, lower cycloalkyl

with the proviso that both R! and R? cannot both be an alkenyl, or taken together with the



19. A method in accordance with claim2 wherein the anount of the vitamn D
conpound i s adnministered parenterally or orally in conbinatiorf i MARa?((5
pharmaceutically acceptable carrier. 0 4 h9AR 2005 WD 03/ 088976
PCTIU803/12013 -4420. A method in accordance with claim19 wherein the
anDunt“R; in D conpound is adm ni stered parenterall¥ 21. A nethod in
accordance MA h claim20 wherein the anount of vitamn " i s

adm ni stered intravenously. 22. A nethod i n accordance mnth claim19
wherein the active vitam n D conpound j adm nistered orally. 23. A nmethod
i n accordance with claim20 wherein the "active vitanmin D conpound is

adm ni st eaddnite whithahis adibondsls oraf 2 @hQytcydiogarbon @Jﬁg}JRs 300wer ak4l, Idweret hod

i n accordance mnth claim 23 wherein the active vitamn D compound is

adni ni st efeayh tpvg fhisrapdiavl clowss Buepalksr Odowgr @Qﬂh&lﬁww@ke@ﬂ O-lower
acyl, O-aromatic acyl or lower cycloalkyl; X s hydrogen or hydroxyl; X? is hydrogen or

hydroxyl, or, is taken with R! or R?, to constitute a double bond; X> is hydrogen or
hydroxy! provided that at least one of X', X” and X® is hydroxyl.

5. A method in accordance with claim 3, wherein the compound of formula () is a

hypocalcemic hydroxyvitamin D compound.

6. A method In accordance with claim 2, wherein the active vitamin D is a lo-

hydroxyvitamin D compound of formula (II):

OH\\\Q‘
wherein A' and A? each are hydrogen or together represent a carbon-carbon bond, thus
forming a double bond between C-22 and C-23; R} and R? are identical or different and
are hydrogen, hydroxyl, lower alkyl, lower fluoroalkyl, O-lower alkyl, lower alkenyl,
lower fluoroalkenyl, O-lower alkenyl, O-lower acyl, O-aromatic acyl, lower cycloalkyl
with the proviso that both R! and R* cannot both be an alkenyl, or taken together with the
carbon to which they are bonded, form a Cs-Cs cyclocarbon ring; R? is lower alkyl, lower
alkenyl, lower fluoroalkyl, lower fluoroalkenyl, O-lower alkyl, O-lower alkenyl, O-lower
acyl, O-aromatic acyl or lower cycloalkyl; X! is hydrogen or hydroxyl, and X is
hydrogen or hydroxyl, or, is taken with R! or R?, to constitute a double bond.




25. A nethod in accordance with claim 19 wherein the active vitamn D
conpound is co-adm nistered with a phosphate binder. 26. The ﬁeﬂp‘g_ﬁg ofiph
claim 20 wherein the active vitamn D conmpound is adm nistered 1s by

i ntravenous injection, nasopharyngeal or nucosal absorption, or transdernal
absor pt\'é,:&n é)éswA met hod of treating one or nore conditions included wthin
agi ng reP4p %itamin D deficiency (ARVDD) syndrome in BCEUSPERIZuffering
t herefrom comprising, admnistering to the subject an anount of active
vitam n D conpound sufficient to | ower _4¢l evated or maintain | owered serum
parat hyroid horpone_ | evels. 28. A nethod in accordance with claim 27

wherei n t hé act{vBEWHPd anjascadeansepsithdlaim 2cwhertin the hetivdvitimin Bt is] gast one
agent char j : : ildity to reduce loss of bone mass or
bone m ner%%ﬂ?%ﬁ@ﬁ%ﬁ?@%fg%%ﬁg%@ ing or tending toward the | oss of
bone mass or bone mneral content. ~ ~ tR 205 WO 03/088976 PCT/US03/12013
-4529. A serum pazat hyroi d hornone | evel |owering }{;orrposi tion, in unit
dosage form conprising an effective anount of a jconpound of fornula
(I'Li): wherein Al and AZ are either hydrogen or tg¢gether represent

acar bon- carbon doubl e bond between G 22 angphG 224 and' X' is hydrogen or
hydroxyl, said effective amount conprising abelt \Iglto, about 300 g in unit
dosage form and a pharnaceutically e, véR 2cI & for the conpound,
wherein the amount is effective to vated Br mintain | owered
serum par at hyroi d hornone | evel s of in need thereof, follow ng
adm ni stration thereto.

(Iv)

wherein A' and A? each are hydrogen or together represent a carbon-carbon bond, thus
forming a double bond between C-22 and C-23; R! and R? are identical or different and
are hydrogen, hydroxyl, lower alkyl, Jower fluoroalkyl, O-lower alkyl, lower alkenyl,
lower fluoroalkenyl, O-lower alkenyl, O-lower acyl, O-aromatic acyl, lower cycloalkyl
with the proviso that both R’ ‘and R? cannot both be an alkenyl, or taken together with the
carbon to which they are bonded, form a C3-Cj cyclocarbon ring; R? is lower alkyl, lower
alkenyl, lower fluoroalkyl, lower fluoroalkenyl, O-lower alkyl, O-lower alkenyl, O-lower
acyl, O-aromatic acyl or lower cycloalkyl; X° is hydrogen or hydroxyl; X° is hydrogen or
hydroxyl; or, is taken with R' or R?, to constitute a double bond.

8. A method in accordance with claim 2 wherein the active vitamin D is lo-
hydroxyvitamin D; 10,25-dihydroxyvitamin Dy;  lo-hydroxyvitamin D,, 1a,24-
dihydroxyvitamin Ds; 10,24,25-trihydroxyvitamin - D, 10,25-dihydroxyvitamin D,
lo-dihydroxyvitamin Dj, lo,25-dihydroxyvitamin Dy; l0,24,25-trihydroxyvitamin Ds;-
24-hydroxyvitamin D»; or 24-hydroxyvitamin D,



30. The conposition clainmed in claim29 which further conprises, at |east
one coadm ni sterabl e agent characterized by the agent's abili tﬂzg PIARe%e
| oss of bone nass or bone mneral content in manmal s experiencing or
tending toward the | oss of bone nmass or bone mneral content. 31. The

" conposi,ti clainmed in claim30, wherein the agent is conjugated

est rog‘g‘}nd &%c?gﬁ%gi tonin, sodium fluorides, bisphosphonat e%’,CT@é?JP%! i
suppl ements, cobalam n, pertussin toxin or boron. 32. A co-adm ni sterable
pharmaceutical combination which conprigges the conposition of claim 29,
and a phosphate binder. ~ 4 MAC 205 WO 03/088976 PCT/ US03/12013 -4633. The
conbi nati & of Almgthedinwreewsliances aiith plaoaphatierbinnter calital icdwledawhnnat e

or calciu ate. 34.. A method of i orating or preventing
hyper paza[‘l‘;'}g\?]g3 YT ORESTS PrRAEY v H’f)‘ ®h a subject suffering
therefrom conprising admnistering to the subject an anount of an active

vi tam n Digonpounghisd fh GbeRlardcR SHRRIARS 3OhBUBLE thePag kN ﬁ*ﬂ'cﬁ; oBGHih Y-
35. A co-admini strabl e pharmaceutical conbination conprising |d) a

hypocal cediRVDI) syafiomesdgifpdibpdroapdtmin)Daldficieacagent whi ch is conj ugat ed
estrogens, calcitonin, sodiumfluorides, bisphosphonates, calcium

suppl ementﬁ: ¢ %&ﬁ%d“ in %gégr gnsclenW} Xim wﬁgnrez%nthe condition included within

ARVDD syndrome is 1,25-dihydroxyvitamin Dj resistance.

12. A method in accordance with claim 2 wherein the active vitamin D compound is
co-administered with at least one agent characterized by said agent's ability to reduce loss

of bone mass, or bone mineral content in patients.

13. A methed in accordance with claim 12 wherein the agent is other vitamin D
compounds, conjugated estrogens, sodium fluorides, bisphosphonates, cobalamin,

pertussin toxin or boron.

14. A method in accordance with claim 12 wherein the vitamin D compound is

administered before, after or concurrently with the other agent.

15. A method in accordance with claim 2 wherein the active vitamin D is

administered in high dose on an intermittent or episodic dosing regime.

16. A method in accordance with claim 15 wherein the amount of active vitamin D is

a high dose which is between about 10ug to about 300ng.

17. A method in accordance with claim 16 wherein the active vitamin D compound is

1a,25-dihydroxyvitamin Ds or la-dihydroxyvitamin Ds.

18. A method in accordance with claim 15 wherein the high dose is administered

once per week to once every 12 weeks.

19. A method in accordance with claim 2 wherein the amount of the vitamin D
compound is administered parenterally or orally in combination with a pharmaceuticaily

acceptable carrier.



36. A conbination in accordance with claim35 wherein the vit

conpound
agent. 37
suffering

RR 2865

AnM
Is admnistered before, after or concurrently wth the IBone
. Method of treating 1,25-(0OH)2 D3 resistance in a subject

therefrom conprising, admnistering to the subject an effective

anount ,%)(Zszﬂslg%}b.l ve vitamn D conpound wherein the active vitamn S

adm ni s

phar maceut i cal

D
hi gh dose on an internittent dosing regiffd/US§12043 conbi ned’
preparation conprising an active vitamn D conmpound and a

bone agent, the preparation being adapt _e& for the adm nistration of the

active vitamn D on an episodic basis,

agent on

hyper par at hyr oi di.sm and/.or ARVDD.

conprisin
cont ai ner

a2@ai | y nothebiis oaticordansd svitht olagms1D)veledreilatbeNSpount of vitamin D
A pharnmaceuti cal packagi ng,

39.
oCLRROURds & W?‘?regfpaﬁfél?ﬂ@%hers therein, at |east one of the

S containing an active vitamn D conpound, and at |east one of

the contai ners containjng a bone agent, and (ii) instructions for

co- adni ni
subj ect h

s%]_eri né faséhodh én j apgordrpenmithDeleimpYu heasio thheathoms afjeitbmio T
Wb B L ART A BRI/ OF  ARVDD,

22. A method in accordance with claim 19 wherein the active vitamin D compound is

administered orally.

23. A method in accordance with claim 20 wherein the active vitamin D compound is

administered in an episodic dose of about 1 pg to about 300 pg.

24.  Amethod in accordance with claim 23 wherein the active vitamin D compound is

administered in an episodic dose of about 20 pg to about 100 pg,

25.  Amethod in accordance with claim 19 wherein the active vitamin D compound is

co-administered with a phosphate binder.

26.  The method of claim 20 wherein the active vitamin D compound is administered

is by intravenous imjection, nasopharyngeal or mucosal absorption, or transdermal

absorption.

27. A method of treating one or more conditions included within aging-related
vitamin D deficiency (ARVDD) syndrome in a subject suffering therefrom comprising,
administering to the subject an amount of active vitamin D compound sufficient to lower

elevated or maintain lowered serum parathyroid hormone levels.

28.  Amethod in accordance with claim 27 wherein the active vitamin ID compound is
co-admimstered with at least one agent characterized by the agent's ability to reduce loss
of bone mass or bone mineral content in patients experiencing or tending toward the loss

of bone mass or bone mineral content.

and the administration of the bone
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29. A serum parathyroid hormone level lowering composition, in unit dosage form,

comprising an effective amount of 2 compound of formula (II):

HO OH

wherein A' and A? are either hydro gen or together represent a carbon-carbon double
bond between C-22 and C-23; and X' is hydrogen or hydroxyl, said effective amount
comprising about 1 pg to about 300 pg in unit dosage form, and a pharmaceutically
acceptable vehicle for the compound, wherein the amount is effective to lower elevated
or maintain lowered serum parathyroid hormone levels of a human in need thereof,

following administration thereto.

30.  The composition claimed in claim 29 which further comprises, at least one co-
administerable agent characterized by the agent’s ability to reduce loss of bone mass or
bone mineral content in mammals experiencing or tending toward the loss of bone mass

or bone mineral content.

31.  The composition as claimed in claim 30, wherein the agent is conjugated
estrogens, calcitonin, sodium fluorides, bisphosphonates, calcium supplements,

cobalamin, pertussin toxin or boron.

32. A co-administerable pharmaceutical combination which comprises the

composition of claim 29, and a phosphate binder.
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33.  The combination of claim 32 wherein said phosphate binder is calcium carbonate

" or calcium acetate.

34. A method of ameliorating or preventing hyperparathyfoidism associated with
ARVDD in a subject suffering therefrom, comprising administering to the subject an
amount of an active vitamin D compound sufficient to suppress elevated parathyroid

activity.

35. A co-administrable pharmaceutical combination comprising (i) a hypocalcemic
vitamin D compound and (ii) a bone agent which is conjugated estrogens, calcitonin,
sodium fluorides, bisphosphonates, calcium supplements, cobalamin, pertussin toxin or

boron.

36. A combination in accordance with claim 35 wherein the vitamin D compound is

administered before, after or concurrently with the bone agent.

37.  Method of treating 1,25-(OH), D; resistance in a subject suffering therefrom
comprising, administering to the subject an effective amount of an active vitamin D
compound wherein the active vitamin D is administered in high dose on an intermittent

dosing regime.

38. A combined pharmaceutical preparation comprising an active vitamin D
compound and a bone agent, the preparation being adapted for the administration of the
active vitamin D on an episodic basis, and the administration of the bone agent on a daily

or episodic basis, to a subject having hyperparathyroidism and/or ARVDD.

39. A pharmmaceuntical packaging, comprising (i) a plurality of containers therein, at
least one of the containers containing an active vitamin D compound, and at }east one of
the containers containing a bone agent, and (i1) instructions for co-administering the
active vitamin D compound and the bone agent to a subject having hyperparathyroidism
and/or ARVDD. |



