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THE MANUFACTURE OF A MEDI CAMENT FOR THE TREATMENT OF SECONDARY
HYPERPARATHYRO DI SM 5 This application is a

conti nuatWeseBIpart of U S. Patent Application NoPCHYP¥1M5%95
which is a continuation of U S Patent Application No. 07/569, 412,
now U.S. Patent 5, 104, 864. TECHNI CAL
FI ELD 10 This invention relates generally to nmethods for
treating and preventing met abol i ¢ bone di sorders characterized by

| oss of bone riSESOBVIBAMIN D2 OR VINAMDN 4cDERIVATIVESY FOR THD MANUFACTUREIOF A
content. Mor e MEDECAMENT aFORy THE TREATMENErQFR SECONDARY HYPERPARATHYROIDISMnet hod f or
treating or preventing hyperparathyroi dismsecondary to end- st age
renal disease, one of the concomtant results of which is the |oss of 15
bone mass or decreased mneral content (i.e., renal osteodystrophy).
BACKGROUND OF THE | NVENTI ON Nunmer ous net abol i ¢ bone :
di sorders are known which are characterized by | oss of bone nass
or bone€ mneral. These disorders include postnenopausal

ost eoporosi s, senile osteoporosis, corticosteroid-induced osteopenia, 20
anti convul sant osteonal aci a and renal osteodystrophy. O these disorders,
renal os (Rhis!\application iss ac continuationdn-parte ofl-W:SagPateat AApplication e
patients und

o) . chroni c dialysi.s. a_group,
t hese bone d&ﬂg-edd)gg’gpgorﬂ’ a‘iselad ﬁél‘? algﬂﬁ oYy Ramntc K‘psphmﬂon“p
No. 07/569,412, now U.S. Patent 5,104,864.

_ TECHNICAL FIELD
10 This invention relates generally to methods for treating and preventi_ng i
metabolic bone disorders characterized by loss of bone mass or by
disproportionately low bone mineral content. More specifically, this invention
relates to a method for treating or preventing hyperparathyroidism secondary to
end-stage renal disease, one of the concomitant results of which is the loss of
15 bone mass or decreased mineral content (i.e., renal osteodystrophy).

BACKGROUND OF THE INVENTION
Numerous metabolic bone disorders are known which are characterized
by loss of bone mass or bone mineral. These disorders include postmenopausal
ostéoporosis, senile osteoporosis, corticosteroid-induced osteopenia,
20 anticonvulsant osteomalacia and renal osteodystrophy. Of these disorders, renal
osteodystrophy is encountered in end-stage renal disease patients undergoing
chronic dialysis.
As a group, these bone depletive disorders are a major and growing public
health problem in the United States. Together, they cause more than 1 million
25 bone fractures per year, primarily of the spine, hip, and distal forearm, and result
in an annual cost above $10 billion to the American society. Unfortunately, the
incidence of these bone disorders will rise significantly as the mean age of the

U.S. population continues to increase.
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Animal and early clinical studies examining the effects of these active
vitamin D compounds suggested that such agents would be useful in restoring
calcium balance. However, the best indicator of the efficacy of vitamin D
compounds to prevent or treat depletive bone disorders is bone itself (or, in the
case of renal osteodystrophy, serum levels of parathyroid hormone (PTH)) rather
than calcium absorption or calcium balance. Certain clinical stm_lies with
1a,25-(0OH), vitamin D,, and 1a-OH vitamin D, indicate that the ability of these
agents to restore lost bone mass or bone mineral content is dose related. [See,
S. M. Ott, C. H. Chesnut, Annals of Int. _ Med. 1989; 110:267-274;
1. C. Gallagher et al., Annals of Int. Med. 1990; 113:649-655; J. Aloia et al.,
Amer. J. Med. 84:401-08 (1988)] M. Shiraki et al., Endocrinol. Japan 32,
305-315 (1985)].

These 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-(OH), vitamin D, above 0.5 pug/day have frequently resulted in toxicity.
At dosage levels below 0.5 pgl/day, clinically significant effects are rarely_
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Despite reported toxicities of 1e-OH vitamin D, and 1e,25-(OH),
vitamin D;, these two compounds remain the drugs of choice for many bone

ol

20 depletive disease treatments. For example, in end stage renal disease, these two
drugs remain the only approved forms of 1a-hydroxylated vitamin D for treating
or preventing secondary hyperparathyroidism, although both drugs are not
currently approved in all major pharmaceutical markets.

At present, in the United States, end stage renal disease afflicts

25 approximately 200,000 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 "1a;,25-(OH),D") from 25-hydroxyvitamin D,
and 25-hydroxyvitamin D,. In addition, the loss of functioning nephrons leads
to retention of excess phosphorus which reduces the activity of the renal

30 25-hydroxyvitamin D-1a-hydroxylase, the enzyme which catalyzes the reaction

to produce the D hormones. These two events account for the low serum levels
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secondary hyperparathyroidism in end stage renal disease patients. As noted

above, 1a,25-(OH),D; often causes toxic side effects (hypercalcemia and
hyperphosphatemia) at dosages above 0.5 pg, especially when concomitantly
administered calcium phosphate binders are used to control serum phosphorus

20 The minimum effective dose for preventing secondary hyperparathyroidism is in

the range of 0.25 to 0.50 pg/day; most patients respond to oral treatment doses

of 0.5 to 1.0 ug/day or intravenous doses between 0.5 and 3.0 ug three times per

week. As described above, the other commonly used vitamin D drug is la-OH-

D, which often causes toxic effects at dosages over 1.0 ug/day, especially when

25 used with calcium phosphate binders. The minimum effective dosage for
preventing secondary 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, 1e,25-(OH),D; or 1a-OH-D;, is administered in higher dosages, both

efficacy and toxicity are found to increase. Thus, the hormonally active

30 vitamin D, compounds are limited in théir therapeutic usefulness due to their

inherent toxicities.



hyperphosphatem a) at dosages above 0.5 [err]g, especially when

concomtantly adm ni stered cal ci um phosphat e binders are used to
control serum phosphorus. 20 The m ni num ef fective dose for preventl ng
secondary hyperparathyroidismis in t he range of &%ﬁg&:&s&

[err] g/ dayo9gBEfispati ents respond to oral treatnent doses of 0.5
to 1.0 [err]g/day or intravenous doses between 0.5 and 3.0 [err]g three

ti mes per week. As described abeébre, the ot her commonl y used
vitamn D drug is |la-O+ Dierr] which often causeszsa% ffects
at dosages over 1.@rd eédice/ theyincideneeiofl toxicvsisle effects with,dloy

phosphat e binders. The m ni num effective sage t g _
secondary hypeiep@HDsy aolow Salcium ‘l’iﬁls nb&QS‘:at‘cmT 80?@?&%%{”

and nost patien i 1€ Beenfouhd thistyuserofithe dow\Wien
ei t her E@]ﬁgﬁaﬁ?e@&%%c?a iD['q“rui's or 1[err]-OHDerr ‘o i s
adni ni stered igdinshfialysas daskadhohigher serumPT phosphomig levels in pafientse
found to increase. Thus t he horm)nal I y a ti Vit

conpound§ are whaidoanbtiraceive increased G’!éﬂﬂ“ﬂ'@ssé' pRigm egg@ &ﬁ%ﬁf’%ﬂe

:3?;?-/6 [Jgg% / 82)5( I5C§!1£|heerss When the \ﬁosag(sés?’t}l’zéﬁcmm supplements and phosphate bindexs aro

To reduce the IeOél's Cofsplib@?hﬁrhediesom tcontrolled, but the incidence of
1[err], 25-(OH) [err err a |l ow caI %@é@%ﬁmth
an ionized cal o&mmrms&stmerkedky Thus, the[e arp WY]:? s

However, it has been found that u o) l'geﬁiaﬁ Mgﬁysate
has lead to hi gl‘?e‘ﬂses%fr ﬁm gérf%&ngyn at'rents who do
not recelq/\h i ncr eas ﬁﬁ?d]fn%%&blﬁﬁw W&gfmqrmuymnve

e

bi nders n the dosages I 'ci um suppl enents and phosphat e bi nder are

increased, ser wigangiv B, sfor s&mﬂpmrhwem@hif@%%omee@ $ Bofoad

of hyper cal cem aris r.k Th r

associ at ed wi t mesponded to dae "Gilbgl%f g‘ﬁf‘i‘%qﬂn &s?tgkr?%%niﬁer %r esdef g?ﬁ@dﬁ?ves
secondary hype{ggémg\to#ﬁ@tﬂi&@ss]lﬁs inherent toxicityot Wi t hst andi ng t hese known

problens with or nonal l'y active vitamn Derr] for
secondary hyperparathyroidism the art has not adequately responded

or anal ogs that possess | ess i SWRAMARY OF R RVERHGN der!vatives

15 The present invention provides a method for treating or preventing
hyperparathyroidism secondary to end stage renal disease by lowering (or
maintaining low) serum parathyroid hormone levels in a patient suffering from
the disease. The method at the same time ameliorates or prevents the renal
osteodystrophy which can develop in such patients.

20 The foregoing, and other advantages of the present invention, are realized
in one aspect thereof in a method for lowering serum (or plasma) PTH in patients
suffering from hyperparathyroidism secondary to end stage renal disease,
comprising: administering to these patients an effective amount of a vitamin D
analog of formula (I), as described hereinbelow, to lower the serum PTH level.

25 The analog of formula (I) is any active vitamin D compound which has potent
biological activity but low calcemic activity relative to the active forms of
vitamin D,. Preferably such compounds are 1a-OH-vitamin D,; 1a,24(S)-(OH),-
vitamin D,; 1-OH-vitamin D,; or la ,24(R)-(OH),-vitamin D,. The analog of
formula (I) is administered in a d0sage amount of 1 to about 100 ug/week. As

30 used herein, the term "vitamin D analog is meant to refer to compounds havmg
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A comparison of la-OH-vitamin D, to lo-OH-vitamin D; has been
conducted. la-OH-vitamin D, is equally active as 1a-OH-vitamin D, in the
healing of rickets, in the stimulation of intestinal calcium absorption and in the

elevation of serum inorganic phosphorous of rachitic rats. [G. Sjoden et al.,
20 J. Nutr. 114, 2043-2946 (1984)]. In the same laboratory animal, the inventors
also have found that 1o-OH-vitamin D, is 5 to 15 times less toxic than
1a-OH-vitamin D; [see, also, G. Sjoden et al., Proc. Soc. Exp. Biol. Med. 178,
432-436 (1985)]. It has now been found that, for example, 1o-OH-vitamin D,
may be safely administered for up to two years to human subjects experiencing
25 or having a tendency toward loss of bone mass or bone mineral content at
dosages greater than 3 ug/day.
The present invention is also intended to be used in all bone depletive
disorders which respond to administration of active forms of vitamin D.
Other advantages and a fuller appreciation of specific adaptations,
30 compositional variations, and physical attributes will be gained upon an
examination of the following detailed description of preferred embodiments.

¢
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a vitamin D analog of formula (I) as described hereinbelow.
In accordance with the invention, it has been found that when the analogs

20 of formula (I) are administered to end stage renal disease patients with elevated
| serum parathyroid hormone, PTH concentration is lowered with significantly less

hypercalcemia and hyperphosphatemia than is observed after the same amount of

activated vitamin D administered in previously known formulations. Thus, the

compounds of formula (D have an improved therapeutic index relative to

25 vitamin D, analogs.
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| owering the excessively high blood | evels of parathyroid-. TH)
whi ch WO 96312%% ¢ secondary to end stage renal disease. e'ﬁrr%gt%ﬁ'g in
accordance with the present invention has significantly |ess
resul tant hypercal cem a and 15 hyper p'ﬁosphat ema, especially in
patients who use oral calcium phosphate bjnders, to cantrol rum
phosphorus | evel s. Theitamin F%ﬂ?&%“h?@omm Eh?rﬂﬁ@\“ém’e“%o“ have the, 0|
treatnment of a_patgn yffering fromsecondary hyperparathyroidismwth
a vitamn D aﬁ%f?eb'ﬁl @"g‘f"fﬂ’rrul a (1) as described hereinbel ow.

In accordance with the invention, it has begg_ found that when the anal ogs
20 of formula (1) are adnministered to gdd stage renal disease
patients with el evated Hg@r : v el 3hor none, PTH
concentration is lowered with signifi hyper cal cem a
B, sane anount of

activated vitamn D adm nistered M i ously known formul ati ons. Thus,

t he conmpounds of for ave an inproved therapeutic index
relative to 25 vitam n D8 ar 0gs. WD 96/ 31215

PCT/ US96/ 04553 - 8-

The vitamn D analogs in accgrdzi e w.th the present invention have the
general forml a: H [err] (1)

where B and C are each either H or together form a carbon-carbon double bond, '
and where R, is either a hydrogen or hydroxyl. The analogs of formula () are
5 substantially less toxic than their vitamin D, counterparts when administered to
patients experiencing hyperparathyroidism secondary to end stage renal disease.
For patients using oral calcium phosphate binders, administration of the analogs
of formula () at dosage levels higher than possibl_e with the vitamin D,
compounds provides greater efficacy than heretofore possible in treating
10 secondary hyperparathyroidism.
Preferred among the analogs of formula (I) are: la-_hydroxyvimin D,
(also known as le-hydroxyergocalciferol); 1a-hydroxyvitamin D ;
1¢,24(S)-dihydroxyvitamin D, and 1a,24(R)-dihydroxyvitamin D,.  Most
preferred is la—hydréxyvitamin D,, a prodrug for 1a,25-dihydroxyvitamin D,
15 which is an endogenous metabolite of vitamin D,.
It is noted that the medical community currently views vitamin D,
compounds as biologically indistinguishable from the corresponding vitamin D;
compounds.This is evident from the indiscriminate inclusion of either vitamin D,
or D, in vitamin supplements prepared for human use, and from the
20 interchangeable use of either vitamin in treating bone diseases caused by
vitamin D deficiency. Curiously, medical experts consider the hormonally active



where B and C are each either H or together forma carbon-carbon double
bond, and where R err] is.either a hydrogen or hydroxyl. The
anal ogs of fornula (1) are 5 substantially | ess toxic than their
vitamn D err] counterparts when adm nistered to patients

exper i encyadeAYART par at hyroi di sm secondary to end stage r e REITUFIU/RASSR
For patients using oral calcium phosphate binders, adm nistration of the

anal ogs of formula (1) at dosage lgvel s higher than possible with

thhe Vi ]Earri n D[erH conpounds provides greater efficacy than

er et of ore possi ' ' 10 be eqwivalentidéspiteylack pficanfismation from a

Preferred am%é@%gfg%a%‘ggi%@%sog’nm;q(l).are:spi[errLPh drOﬁvi ham'

%err% g oy S0 hm_&ﬁua&m@d? (s mmmmbmadg@g_vdm )i dese
err]-hydroxyvitam n err]; rrl, - roVIVAYE ' err

and 1[ err], 24arhedMesck: lndex, (Merek, Ingex, ﬂ‘ﬁ‘ e‘ll\éégﬁp 992} prmgsgggbtiﬂg !

1[ err] - hydroxyvi{am L , a prodrug for 1[err], 25-di hydroxyvi tam n
Derr] 15 °§M§%ﬁwé$1dogenous netabolite of vita

It is noged that thp pagheapplivadonSesialcNos mzllﬁ.&&%mdglﬁ?m%ﬁra@ﬁﬂm'

conmpounds as biologically indistingui

Derr] nowe dgSo (Ragent 104,864 ¢ it Bas een, showa (haf 16 OHCARARE DYhis i 1

i 'SCrim nate>incl usi on
of either vitamn Jer _Gharhin 1 7 0:V25-60HN,-itimpineDyg busispmughar ed
for human use,%a“PBH‘ﬂ‘n@s}B'OH m?‘ré?éﬁ%mgéabl e use of_ ejther vitanin

in treating bopes faeaFencdusagst Wyto 10 pg/day of te@H-visamin L B wgmen Wi
Curiously, nedical experts consider the_ hqrnonal act i

v . .
96/ 31215 postmenopausal osteoporosis (in both open £%hd Souble blind Eting)
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forms ofl0t he t wehibitedanlyamild hypercalciugia (3300, mg/24 hrs), and marked $ypercalcemia

rte Tack of confirmation
froma (>11.0 mg/dL) solely due to 1o-OH-vitamin D, was not evident. Additionally,

the compound did not adversely affect kidney function, as determined by
creatinine clearance and BUN; nor did it increase urinary excretion of
hydroxyproline, indicating the absence of any stimulatory effect on bone
15 resorption. Administration of 1a-OH-vitamin D, to healthy adult males in
dosages up to 8 pg/day showed no hypercalcemia or other adverse effects.

The analogs of formula () are useful as active compounds in
pharmaceutical compositions. The pharmacologically active analogs of this
invention can be processed in accordance with conventional methods of pharmacy

20 to produce pharmaceutical agents for administration to patients, e.g., in
admixtures with conventional excipients such as pharmaceutically acceptable
organic or inorganic carrier substances suitable for parenteral, enteral (e.g., oral)
or topical application which do not deleteriously react with the active compounds.
Suitable pharmaceutically acceptable carriers include but are not limited to water,

25 salt (buffer) solutions, alcohols, gum arabic, mineral and vegetable oils, benzyl
alcohols, polyethylene glycols, gelatine, carbohydrates such as lactose, amylose
or starch, magnesium stearate, talc, silicic acid, viscous paraffin, perfume oil,
fatty acid monoglycerides and diglycerides, pentaerythritol fatty acid esters,
hydroxy methylcellulose, polyvinyl pyrrolidone, etc. The pharmacegtical

30 preparations can be sterilized and if desiréd miJ'ced with auxiliary agents, €.g.,

lubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for



single human study. (It is also interestingly noted that vitamn D4 is

descri bed in The Merck Index (Merck Index, 11th ed. (1989) p. 9932)
as havi ng doubt f ul bi ol ogi cal activity.) 5 , I n parent
application, Serial No. 08/119,895 and its parent application, now

U S. Pat 4,864, it has been shown that 1[err]-OH Vi bafiySosdasds’ ] has
t he e‘w”g@#gsbi opotency as 1l[err]-OHvitamn Derr] ani‘d

1[err],25-(OH)[err]-vitamn Derr] but is ch | ess toxic. Even
dosages up to 10 [err]g/day of 1[err]-O+F amin Derr] in wonen with
post menopausal osteoporosis (in both en |l abel ,and double Dblind.tesling)
10" " ok bi fiBeBHNE QHMCUCRYBSNES WITHR. colGring, SiAYgring andlor anopacc AEHYS)

hyper cal cem a : 2 e ¢ gihlg '
Derr] was nofo%le?%dﬁf.ff;?jé‘?’ltl?onaﬁw’ médu?ﬁéeq%%*rrp%g}}ir‘% di hing'tiayrlhe
adversel y af f eablets chpsvles, powders,, suppositariesponlozenges. If a liquid cardet isnised,
clearance and BUN; nor diqd it ingrease u inar}{gsgi(cretion 0

f
hydr oxypr ol i n&oft igalatin capsules, PAKNCS, ¢ SRIRYS.Jrpical ereams, SymUBe 15
t ion. g ni ' f - bbhadl hy adul t
i o1 O HublehisBhadithet mbISbhs of sotitbaf iy B¢l ddeisc it Ty, 20 !
ot her- adverse ef f efRos. parenteral application, particuizxlyo guitatile f areninjectgble, aterile

useful as active compounds .in, gpa,r maceuti.cal conpositions, The
phar macol ogi c&pljionspreferably oily or 3auequssolutions, as wel] 25 suspensipns, pmysions,

~processed i nn@ﬁ%eﬂéﬁ i g%@ﬁﬁé}gbﬂgﬂ BORS 4t dnRenRAY uﬁﬂgd'o’sagér??’

produce phar agen mnrstration to patients, e.
admi xtures W the@osage éf the ahalogs inacuordarks avitinthe present irvention foryparemteral abl e
organi c or inorganic carrier substances éui tabl e _for gar enteral, enteral

(e.g., Wal) administrationmgenesplly is abows) i-30 peBvemil 4a L Bmes perweeker i ousl y

t with the acti : , | cald v
accept abl o carr or §OF AORRCARFation, pesicparty ulfRle S AR G1ecs: ki,
(buffer) sol uidreps;. suppositories, drusapslesi C A sy, adlixindoy elyelike! canobe sused

benzyl al cohol s, pol yethyl ene gl ycols, gelatine, carbohydrates
such as | act oswhereimd sweetened vehicle ls@mp.h!ﬂdzoh, magnesi um stearate, talc,

silicic acid, viscqus, paraffi erfu Oi ”~ Lfa |

nonogl yceri des and%swﬁdwﬁ!%ﬁpéﬂwq%fuﬁt A b E‘%@ﬁ&?&' ©-8-»
hydr oxypgret hy | 1gishink® o8 thdk@! whidreifl theYdctiot icBfipound i€ protddied Wity diffeseritialiq

30 preparations can be sterilized and if desired mxed with auxiliary

agents, e.g., degradable coatings; e@nby, misreencapsulation; multipls coatings, etcet It isg
At T S hossibié 1o freeSe-dry the new coMiBotiads nd-use the lypolizates obtained,
for example, for the preparation of products for injection.
For topical application, there are employed as nonsprayable forms, viscous
20  to semi-solid or solid forms comprising a carrier compatible with topical
application and having a dynamic viscosity preferably greater than water.
Suitable formulations include but are not limited to solutions, suspensions,
emulsions, creams, ointments, powders, liniments, salves, aerosols, etc., which
are, if desired, sterilized or mixed with auxiliary agents, e.g., preservatives, etc.
25 Oral administration is preferred. Generally, the analogs of this invention
are dispensed by unit dosage form comprising about 0.25 to about 5.0 ug in a
pharmaceutically acceptable carrier per unit dosage. The dosage of the analogs
according to this invention generally is about 1 to about 100 ug/week, preferably
about 3 to about 25 uglweek.
30 . It will be appreciated that the actual preferred amounts of active analog

in a specific case will vary according to the specific compound being utilized, the



-10- I nfluencing osnotic pressure, buffers, coloring, flavoring

and/ or aromatic active conpounds. |If a solid carrier is used, the
dosage form of the anal ogs nay be tabl ets, capsul es, powders,
suppositories, or lozenges. If aliquid carrier is used, sof t

gel atin cypgedfiss t ransdermal patches, aerosol sprays, t opi RGI/USH6E45S
syrups 5 or liquid suspensions, enulsions or solutions nay be the
dosage form For parenteralllapplication, particularly
suitable are injectable, sterile solutions, preferably oily aor
aqueous sol ut i gificuldf coRipositions fommulated) the mode wifapplication, and rpqrégn ts,

i ncl udi ng suppositories. Anpoul es_are convenient, unit dpsages. . The
dosage of the situs doging n tegatedy dar@@sﬂﬂpﬁh%ek’ﬁr Setrrmum eﬂgf'ﬁn qrogwrfenuonal

parenteral 10 . dm nistrati -4 3 idlsdotilvitiesi of the 1
to 3 tinmes per °9@é4?.rg“°ns’ eg. B cﬂ&oﬂﬁ%ﬁ?%h{%ﬁ“ a@ggﬂ'%%’??%ﬂ particularly
suitabl e are tgilieitScorfipafifieSand ofiui iiown agent, e.girtpsneans fodn appreprate
capsules. A syrud, ef(i,m r, or the like can be used wherein a
sweet ened vehi ebrventionalppharmacological protocol. Sust ai ned or directed

rel ease conpositiong,can he fornulat . ' §,,-dy‘,g,m§gf
wherein the active 3‘6\?&8&9@#@%@5@?’58&%#‘%%‘& t?gl%lﬁ)r?

degr adabl e coat&flgé, £6r Exampl¥, o1 SHeQsH of thiei specifioidonipouad coptloyests oncthe .

It is al so’ possi bl'e to freeze-dry the new cqonpounds g‘?Fd .use th

| ypol i zat es obtagenbddy weight, genéral stajenof health,osex, |an g\‘ b90 $hF Gmie 30t s

f I nj ection. . s . F Lcal eat | t a5l d

2. nonspr ayabi dneds, o adpinisiafion, gn 18 Haid'of BRGReHEA) KA on' HERaMp R R HE

conpri s fif 2 Caiiifad R Wl fovétilyiof @R patticular disordemmplhialt thentherapy is
VI SCOSIty pre

havi ng a dynam erably greater than water. Sui t abl e
formul ations i T‘Kiipud@ but are not limted to solutions, suspensions,

milati g, but_ar e ted to sol ui ! |
i ch O o7 0 el Bt denadtp SERORE e gl of A odes B .

e.g., preservatjyves . .  QPor thi o
amgqggg? M% @, in v%ar{tulr.:%lﬁr by’ fonchemtical nicans Ppafpose

Cenerally, the are di spensed by uni,
dosage form conpid possibléRpeonvertiherdntmsuitableofaray for gdmanistration together wi

ol s e e sl ARG, HHERA Wil g,
¢ wi 11 be. appr MR pltie AglYe ppmpaunds, 200 P L8 2D & of act Lve. anal og
in a specific case wrhk dcsage 6ns tayoalso torampadjuvants.c segho @ Presarvipg or
utilized, the . )
stabilizing. adjuvants. They may also contain other therapeutically valuable
substances or may contain more than one of the compounds specified herein and
20 in the claims in admixture.
Bulk quantities of the vitamin D analogs for the practice of this invention
can be readily obtained in accordance with the processes of U.S. Patents
Nos. 3,907,843; 4,195,027; 4,202,829; 4,234,495; 4,260,549; 4,555,364; and
4,554,106 and U.S. Patent Application Serial Nos. 08/275,641 and 08/296,084.
25 As described hereinbefore, the analogs of formula (I) are preferably
administered to the human patients in oral dosage formulation. As an analog in
accordance with the present invention is released from the oral dosage
formulation, it is absorbed from the intestine into the blood.
The present invention is further explained by the following examples
30 which should not be construed by way of limiting the scope of the present

invention.
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particul ar conpositions fornul ated, the node of application, and the

parti cul ar situs being treated. Dosages can be determ ned using
convent i OR 9631215 consi derations, e.g., by custonary COW‘ES; t he
differential activities of the subj ect conpounds and of "a Known
agent, e.g. by nmeans of an appropriate 5 conventi onal pharmacol ogi cal
pr ot ocol . The specific dose§ for each particular patient
depend on a WEianidle! ! \Seally Demonstrafifg Better 'Sifetyx P! ¢ on the efficacy
of the specific corrpound en1‘:') | oyed age body wei ght, general

D

tate of health, h t t de of
2dmi ni stration, on tie oY %#é@xc?& }%Lﬁﬂ-vh‘é‘n Dheinc A, Besk was
conbi nat i on aggmioRstrasd eiri tay cHihical estindy tlh%l'vﬁfg CiSS;SHs&ﬁén& uk\g % .

therapy is appl i ed. I S possi bl
produce the mwamen.i t[ds BonedMin.aRes.»r19940: 607e614] The sehetdd)patmfts fwereul a

| b For. .t.h |
bovsi bl & 1o ¢ORDBER THaM; 11 Sears of Aeto sod s LI otttrat bone ruigemaber
with 15 aldeh€I65 {"BMD"Y Beiwdeh 9r7 #d1 1055 ¥m3ngs dewﬁﬂigeewﬁeédu?&ﬁems

conbined with one or nore ot her active conpounds

Thebdlosage f owith d adUNARodualphaton ?llgomtmmexr .s(Fhe mearﬁbenenunergl Tkl:nsl ty in
t t

vatvabl o 0 SOl qefbboriels, 3 SBoRC DN e Q17 oy, 86 et Kese it nds
speci fi ed her @bfredptshd’td about the I'Sﬂlhﬁ Sﬁtﬁ‘b??ceor ht ggm xture.

Bul k quantities of the vitam n D anal ogs e practice of this invention
can be keadily obt £imeadmissionctocthel study, alltpaueim receives iisarucion of. seB as

Nos. 3,907, 84 95 027. . 4, 95 4c250,580; 4,555,364 and
4, 554, 106 andﬁelédlﬁa?wnmﬁp%é?@ﬂ 0ot 10 4his diot was

Formia (1) areioraforee ymémfmﬁﬁﬂ'“ﬁé?%ﬁﬁf&m@ﬁmé“%ﬁﬁ%% "

oral dosage fqngmntatlon As an analog in accordance with the

P EES oy o 71 P SR Ao MO o, v i ek
i oh Shoul o SsAtpi petiod, 8hd §he O po sedfnert ob ViR BB urine e
i nventi on. treatment period, patients orally self-administered 1a-OH-vitamin D, at an initial
dose of 0.5 ug/day for the first week, and at successively higher doses of 1.0,
2.0, 4.0, 5.0, 8.0 and 10.0 zg/day in each of the following weeks. All doses
were administered before breakfast. .
20 Blood and urine 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 urine

chemistries included 24-hour excretion of calcium, phosphorus and creatinine.
Data from the study cleafly demonstrated that 1o-OH-vitamin D, can be
25 safely administered for short periods at high dose levels. In particular, the
compound did not adversely affect kidney function, as determined by creatinine
clearance and blood levels of urea nitrogen; nor did it increase urinary excretion
of hydroxyproline, indicating the absence of any stimulatory effect on bone
resorption. The compound had no effect on any routinely monitored serum
30 chemistries, indicating the absence of adverse metabolic eff;.cts. .
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Exanpl e 1: Study Denponstrating Better Safety The | ow
toxicity of 1[err]-CHvitamin Dierr] in human patients wa

denonst r aW@PEBI2IE cl i ni cal study invol ving 15 post rrenopausif:rm'? otic
wonen. [J. Bone Mn. Res.; 1994; 9:607-614.] The selected patients were 5
bet ween 55 and 75 years of age, and exhi bil3ed L2-L3 vertebral bone mineral

density ("BMD') between 0.7 and 1.05 g/cnferr], as determnined by .
measur ement s A positive gffechvel Hﬂh@ﬂ%%?ﬂrﬁ‘?@ﬂbﬂ@mm T4n

X . > densi . ) | _ o
0015 o ot ar r peitiept Yol dose-velatpd HEEsRs Bbbelved uf 20 HoE finiay EfGtim fovélsy
to 85th per cenbpfififiing that the compound inEivassinintestinal dalcitineabsbrption, 2ind from

patients received instruction on selecting a . daily diet cgntaining
400 to 600 ny doke-related incregssamn seIUELO i sugaqsmaélwtﬂlecompomiﬁm@a at

weekly interval s tﬁ/ 24-hour food records and by interviews with each
ulates bo

pati ent. stim ne fents conpleted a one-week baseline period,
a five- to seven-week 15 treatnment period, and a one-week
post -treat nent observation period. During the treat nent peri od,

patients oral IExeample 2:drStudyt cPemonstrating OrSafetyrand pjEfficacy: for iHuman
dose of 0.5 [err]g/day fOstebperdsis st week, and at successively higher doses
of 1.0, 2.0, 4.0, 50, 8.0 and 10.0 [err]g/day in each of the

foll ow ng weeks. Al-fhéi?%ég,s and efﬁcacm"sf qaagni_ﬂ'@,tﬁrpg a8 &P bfal ic@itifleAs for 20

Bl ood and urine chem's were nonitored on a weekly basis throughout

the study. Keyostopogosisioeas sonfirmed irca stidy ivalving S0spostmenaepausal asteaparaticum
phosphorus, osteocal cin,_creatjinine and Rkl god urea nitrogen. ey _urin
chem st 10es i reutpatieats: 4. Fhe; selected: SYRIECIS ¢ F&Fﬁ.jﬁf’% sgﬂcﬁ'\gs"ér})éa“’ and
creati ni ne. ot s I teahfddithat
1[err]-OHvit amblﬁdelt";]L%‘e{%%gmﬁeg?ﬁ 9%%‘% g'lwsstge/,fggp?{:])?éshort by
periods at hi ghudienergyexatay. absorpioretey| @EXAhe Exclusion critewiaoencomipassedbt

adversely affect kidney function, as determ ned by creatinine -

cl earance and sigoifitantemedicabdisordess and resgat-usenfmedigations known toaffect hane,
excretion of "h LONNR oline, indicating the absence of any
stinmulatory ef P’éﬁl%‘m olsi. resorption. The conpound had no effect

on any negutinely noQn4imntidsion o' Me3udy, eachalibjebswas assigneddit candony to bae of
absence of adverse netabolic effects. .
two treatment groups; one group received up to a 104-week course of therapy
with 1a-OH-vitamin D,; 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
20 to the diet was verified at regular intervals by 24-hour food records and by
interviews with each subject.

During the treatment period, subjects from one group orally self-
administered 1-OH-vitamin D, at an initial dosage of 1.0 ug/day for one week,
and increased the dosage to 2.0, 3.0, 4.0 ug/day in each of the following weeks,

25 to a maximum dosage of 5.0 ug/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, at which point the subject held the dosage
constant at the highest level attained. Subjects from the second group self-

administered a matching placebo medication every day, titrating the apparent
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A positive effect of 1[err]-OHvitamin Derr] on calcium honmeostasis was
evi dent from dose-rel ated i ncreases observed in 24-hour urinary cal cium

| evel s, 09 lfonfi rmng that the conpound increases i ntgctiugdEngssy Ci um
absorpt | (% SR r om dose-rel ated increases in serum osteocal cin,
suggesting that the conmpound directly 5 _ stinmul ates bone formation.
Exanpl e 2: Study Denmpnstrating Safety and 1Eff|cacy for Human

Ost eoporosi s T, t efaki bleiﬂrh'eéﬁhv' n
Derr] as an gqsggetl!lgat mentmf 6{8 M h@?&éoﬂ%r%@ﬁs&cms confirnmed |“tr’1'ﬂ{n
study invol vi m.m.\aamlﬁfmppausal ost eoporotic 10 out patients. The

sel ect ed subj ects had ages bet en 6 d 70 years j ted
L2-L3 vertebral BnSpisal apd fe ‘90 %@b x‘edég a&e?‘@?ﬁtﬁe’aﬁ-%

dual -energy x iréafisic O HRasaal
significant nﬁ{jﬁ%aﬁeb% so?ode}.;“s; A‘(VD?‘Q%‘ ﬁgﬁ%&?ﬁ% I ca %iq(i)dns known to affect

bone 5 ealcivnt absorption &hslesamnteﬂfin all subjects by a@ingle nsotepe)twhmqub at
study, each subj ect was as ned at f@iE Q one . of t r,egt ment

groups; one gthehe dy, apd dﬁﬁr‘?és oﬁe‘?‘ﬂékgﬁy’o v1tamm with

1 -OHvit J
subjecis . Hab %ee%geda{*ﬁn bR bl P Sl b SRy b Shfe st

700-900 ny of shiemehthintervals. Servitl osebealeiny iseann tRTHdhd nmﬁeohydmxyphohhe over
the course of the study. Coggllance 20 to the diet s verified at

regul ar i nt er alsoswesg detenmin ﬂbb@ﬁd‘é@@ﬂds‘téﬁﬁwﬂ‘ mtervals. jnterviews with

gﬁghgf;ﬁ)egﬁ ally sé?‘P‘“ blood mﬂyg%g%l er ega‘&fﬁr{r‘]‘)ﬂ@ﬁ% tamn %[Cfé'?"r'}'ﬂgp an

initial dosagqugﬁ, Ith® deairthérit/ peiod! OThmechmﬁku-les included sexom calc:uﬂassednnhe
dosage to 2. 5 4.0 [err] g/ .in each of the follow ng weeks,
to a maximm domaqb calcigmg Iflmer] bieed qirea Jutrpgen, o fErUR) \%?F‘g‘éﬂﬁ é@fl was

creatinine clearance. Kldney-urewr-bladder (KUB) x-rays were obtained at
baseline and at 12-month intervals thereafter.
15 - The results of the study are summarized below: -
Suj;jg_c_ts: Sixty subjects enrolled in what was originally intended to be a
‘ 52-week study. Of these 60 subjects, 55 completed one year of treatment
(28 active; 27 placebo); and 41 subjects completed an optional second year of
treatment. '
20 Test Drug Dosages: The average' prescribed dosage for subjects who
received 1&-OH-vitamin D, was 4.2 pg/day at 52 weeks and 3.6 pg/day at
104 weeks. The averaée prescribed dosage for placebo subjects was an apparent
4.8 pg/day at 52 weeks and 4.8 pg/day at 104 weeks.
Exclusions: One subject failed to comply with the prescribed dosage of
25 test drug, as confirmed by an absence of serum 1a,25-dihydroxyvitamin D, at
any time during the study. Data for this subject were excluded from analysis.
Three patients were diagnosed with hyperparathyroidism when the PTH assays
were completed (in batch) at the study’s conclusion; data for these subjects were
excluded from analysis. No subjects were excluded from analysis for

30 noncompliance with the required dietary calcium intake of 700-900 mg/day.



increased in this way until the rate of urinary cal ciumexcretion was

elevated to approxi mately 275-300 ng/ 24 hours, at which point the
subj ect hel d the dosage constant at the highest |evel attained.
Subj ects fromthe second group self- adm ni stered a mat chi ng

pl acebo g@ﬂzgw every day, titrating the apparent PCT/USR6I0456331215
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dosage upwards in the same nmanner as subjeg§s being treated with

lerr]-O4vitamn Derr]. Spi nal and fenoral neck BVD were

measured in all subJ !1‘."53'_‘13,, . ng:}gﬂﬁﬂagggwmggd
SRR U ek i S gl e puy S iy g v e
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of the study are sunmari . Subj ects: Sixty subjects
enrolled in what wasSeunpCalehim/Ionized Caleium: Mean serum calciunswagaRINOZIRAIGYY Of

these 60 subjects, 55 conpleted one year of treatnent S | &€
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15 Urine Calcium: Mean urine calcium increased during the initial titration
period in a dose-response fashion. After titratiox_l, mean urine calcium was 50 to
130% higher (P<001) with lo-OH-vitamin D, treatment than with placebo

treatment.
Kidney Function: No significant changes were observed with long-term
20 1-OH-vitamin D, treatment in BUN, serum creatinine or creatinine clearance.
KUB x-rays revealed no abnormalities in either treatment group throughout the
course of the study. |
Bone: Bone mineral density (BMD) in the L2-L4 vertebrae progressively
increased with 1-OH-vitamin D, treatment and decreased with placebo treatment
25 over the two-year study. The difference in spinal BMD between the treatment
groups became statistically significant (P <0.05) after 24 months of treatment.
Similar changes were observed in femoral neck BMD with statistically significant
differences observed after 18 months (P <0.001) and 24 months (P <0.05) of

treatment. .
30 Calcium Uptake: Intestinal absorption of orally administered “Ca

increased by 40% (P <0.001) after 52 weeks of 1-OH-vitamin D, therapy, and



25 .. test drug, as confirned by an absence of serum

| &, 25-di hydroxyvitamn Dlerr] at any tinme during the study. Data
for this subject were excluded from anal ysi s. Three patients were
di agnosed wi t h hyper parat hyroi di sm when the PTH assays wer e

corrpl et egloldsRiAi8t ch) at the study's conclusion; data for peeRReseREFCt S
wer excluded from analysis. No subJ ects were excluded from

anal ysis for 30 nonconpl i ance with tﬁ’e_ required dietary cal ciumintake
of 700-900 ng/ day. WD 96/ 31215

PCT/ US96/ 045 - 15- .

Epi sodes of mezrgggl(gtfngg) I—%/fbeér}:% (\:vleglrcs'? zgf la'ﬁaH V‘%"\’q‘y‘ pl))ér Sfac?&m rglatlve o (>
10. 8 ng/ dL) oplaceboecbrtrolone subject in association with an intercurrent

i1l nes. The, prescribed dosage of 1[err]-OHvitanin Derr] at the

time of this episoMitaminD Metabolitesn [IFW%WIMWMM;!M@@W%

St udy at pr ooeiombusE SacrEies fo hllin ST SR i, 25 todyVRatilt | rom 2] 45

(10.2-18. 4 ny(pkD.0B)Cat’ SikUnbiith Abr 40BD(RLI0501)Nat D& rhoriths réRive ﬁnﬂlacebo

In two subj ects In the second year. Hypercal ciuria was observed
occasi onal | y therapy. ovidhis t fecresss. yresnlted udyomn a7 dsamgtict giser eint eseruint h

e e L]
| cant fll?nggs %r ©

treated with placebo. This di erence’was Si gni
during the seimsetumetotal @5-hydraxywitamin®an serum i oni zed cal ci um was

approximately 0.05.{to. 0.10 ng/dL higher in subjects treated with
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fashion. After titration, nean urine c B0% hi gher
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treat ment. Ki dney Function: No signifi cant changes were
observed with | ongPlagebe therapy. 1ferr]-OHvitanmin Derr] treatnent in BUN,
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the stygy. 10-OH-vitamin D, therapy.
Fasting urine hydroxyproline:creatinine ratio tended to
decrease with long-term lo-OH-vitamin D, treatment but the
observed differences between the 1a-OH-vitamin D, and placebo
treatment groups were not significantly different. .
20 The results of this study clearly indicated that 1c-OH-vitamin D, can be
tolerated in higher long-term dosages than the commonly used vitamin D,
analogues. They also showed that 1a-OH-vitamin D, is well tolerated in

postmenopausal women at long-term dosages in the range of 2.0 to 3.0 ug/day,

provided that individuals exhibiting abnormally high urine calcium levels (when

| 25 not receiving vitamin D therapy) are excluded from treatment. Long-term
administration of such high dosages of 1e-OH-vitamin D, significantly reduced

bone loss at the spine and femoral neck, the most frequent sites of osteoporotic

fractures. These positive effects on bone were accompanied by a sustained

increase in intestinal cal_cium absorption and a sustained decrease in serum PTH.

30 They were not accompanied by clear long-term trends in serum osteocalcin and
urine hydroxyproline. Taken together, the results of this study demonstrate that



Bone:. Bone m neral density (BMD) in the L2-L4 vertebrae progressively
i'ncreased with 1[err]-O4vitamn Derr] treatnent and decreased with

pl acebo treatnment 25 over the two-year study. The difference in
spi nal BMD between the treatnent groups becane statistically
signi fi cyidedifists 05) after 24 nonths of treatnent. PCT/E596/08553

changes were observed in fenoral neck BMD with statistically significant
di fferences observed after 18 nonths (P <§7001) and 24 nonths (P <0.05) of

treat ment. 30 Cal cium Uptake: Intestinal absorption of
oral 'y adm ni j,e0pdvikdniin D, is safe and efféctivecial the tedtmémt<6f postinenbpausabar
weeks of 1[err]-OHvitamn D[ err] therapy, and WO 96/ 31215

PCT/ US96/ 0455 3enile osteoporosis. - 16-

by 29% (P<0.5) after 104 weeks of 1[err]-OHvitamn Dierr] therapy,
relative to pl acebo control . Vitam n D Metabolites:
Treatment w t g brghrel3. %’%}d}g fifERd Stage RenﬂIODis%ﬁﬁVh ents

i ncreases in rrean erum om 21% 5
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10 gﬁk Fa¢ affleast @Einbhiths prior to enrollment. The panenﬁwaulrhheunl s
of PTH decreased wth 1[err]-O4vitamn Derr her apy . by

17% at 52 weekaverage seyurdphosphorus;insherange of 3.0 tpdessshan or equal 0 6.9 mgidbcepo
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decreasevvl OHvitamh Derr] treatnent but the
observed diff ethand@e pyfmiswhen ot fceivitg Cbi;25-(QMH) vitiminrD, thetapyl. acebo

treatment groups Welr:‘.gchn Olt)auséln ntlnafdI Li)t:m | ¥ecg{vfix];geri3£,t25-(01{)2 vitamin D, prior to
enrollment, and discontinued the 1cr,25-(OH), vitamin D, therapy for eight weeks
prior to receiving lo-OH-vitamin D,. After 8 weeks, the patients received
15 treatment of 1o-OH-vitamin D, at a dosage of 4 ug/day for 6 weeks. Throughout
the eight-week washout period and the treatment period, patients were monitored
weekly or biweekly for serum intact PTH level and weekly for excessive
elevation in serum levels of calcium and phosphorus.
Throughout the washout period and treatment period, patients underwent
20 routine hemodialysis (3 times per week) using a 1.25 mM caicium dialysate.
They also ingested significant amounts of calcium phosphate binders (1-10g
elemental Ca) to keep serum phosphorus levels below 6.9 mg/dL.
Baseline serum PTH was 480+21; SCa (mg/dl), 9.84+0.3 and serum
phosphorus (mg/dl), 5.140.2. In three patients, serum PTH decreased by 68%,
25 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
1o-OH-vitamin D,, respectively, (p<0.05). Serum calcium was 10.2+0.4
(p<0.05) and 9.820.2 (NS) and serum phosphorus was 5.4+0.5 and 5.5:£0.8
30 at two and four weeks, respectively (NS). A rise in serum PTH from the second
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Example 4: Double Blind Study of Bone in End Stage Renal Disease
15 Patients

A twelve-month double-blind placebo-controlled clinical trial is conducted
with thirty-five men and women with renal disease who are undergoing chronic
hemodialysis. All patients enter an eight-week control period during which time
they receive a maintenance dose of vitamin D, (400 IU/day). After this control

20 period, the patients are randomized into two treatment groups: one group
receives a constant dosage of 1a-OH-vitamin D, (u.i.d.; a &osage greater than
3.0 pg/day) and the other group receives a matching placebo. Both treatment
groups receive a maintenance dosage; of vitamin D;, maintain a normal intake of
dietary calcium, and refrain from using calcium supplements. Oral calcium
25 phosphate binders are used as necessary to maintain serum levels of phosphorus
below 7.0 mg/dL. Efficacy is evaluated by pre- and post-treatment corﬁpariéons
of the two patient groups with regard to (a) direct measurements 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

30 is evaluated by regular monitoring of serum calcium.



prior..to receiving 1[err]-OHvitamn Dierr]. After 8 weeks, the patients

recei ved 15 treatnent of 1[err]-OHvitamn Dierr] at a dosage of 4
[err]g/day for 6 weeks. Throughout the ei ght-week washout period
and the treatnent period, patients were nonitored weekly or

bi weekl y woreeserism i ntact PTH | evel and weekly for excessi PET/USI6/04553

el evation in serumlevels of calciumand phosphorus.

Throughout the washout period and treatneqg.period, patients underwent 20
-routine henodialysis (3 times per week) using a 1.25 nM cal ci um di al ysate.
They al so i ngest ed gh&l9sik i gfoshe clificant I Gaif ficantiv109
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to fourth weekporfef déx{sﬁ?r] AgHngighifidait Ricidénce CofChypepchlodifia ik sbsetvedin’theam n
Derr] was hheld in three patients with serum PTH < 130; they

devel oped ni | dtreated group.hyper cal cenmi a (serum cal ci um 10.3-11.4) that

reversed after stopping 1[err] OHvitamin Derr]. No other adverse
effects occurred. At 4-6 weeks of [ err]- O—I—vrtamn D[err]

{reat e of “Ehiiplgs: { Dobb smr End

in the arget ran ?rg% serum
phosphorus, 5.3 0.2 ng/d srx weeks
of lerr]-OHvi tam n err treat nent . had_a del ayed response to

bot h i ntravenous anbPdeal20 RD (End-Stage Renal Disgase) patients yodergeing ehronig
oS ! o BBl i RSN T e fpuoio o B bonk Rk,
Dlerr] treat meBised ifl w6 ndjoF ERSShetropbifan Hréis! | The kelediédpatiddte féside i two
efficacious and safe for the control of secondary hyperparathyroidismin
end stadé 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) serum
albumin, and have controlled serum phosphorus (often by using oral calcium
phosphate binders). |
20 On admission to the study, each patient is assigned at random to one of
two treatment groups. One of these groups receives two consecutive 12-week
courses of therapy with 1a-OH-vitamin D,; the other receives a 12-week course
of therapy with 1¢-OH-vitamin D, followed, without interruption, by a 12-week
course of placebo therapy. Each patient discontinues any la;,25-OH,-vitamin D,
25 therapy for eight weeks prior to initiating 1c-OH-vitamin D, therapy (4ug/day).
Throughout this eight-week washout (or control) period and the two subsequent
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

30 chemistries, hemoglobin and hematocrit are monitored at selected intervals.
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evels. Due to this cg'op in serum PTH, some patients need to reduce their
15 dosage of 1a-OH-vitamin D, to 4 ug three times per week (or to even lower

levels) to prevent excessive suppression of serum PTH. In such patients,
exhibiting excessive suppression of serum PTH, transient mild hypercalcemia is
observed, which is corrected by appropriate reductions in 1a-OH-vitamin D,
dosages.

20 At the end of the first 12-week treatment period, mean serum PTH is in
the desired range of 130 to 240 pg/mL and serum levels of calcium and.
phosphorus are normal or near normal for end stage renal disease patients. At
the end of the second 12-week treatment period (during which time
la-OH-vitamin D, treatment is suspended and replaced by placebo therapy),

25 mean serum PTH values markedly increase, reaching pretreatment levels. This
study demonstrates that: (1) la-OH-vitamin D, is effective in reducing serum
PTH levels, and (2) la-OH-vitamin D, is safer than currently used therapies,
despite its higher dosages and concurrent use of high levels of oral calcium
phosphate binder. B}

30 The foregoing examples demonstrate that 1«-OH-vitamin D, is effective

in preventing or restoring the loss of bone mass or bone mineral content while



10 ~ Exanple 5: Double-blind Study in End Stage Renal D sease (ESRD)

Pati ents Exhibiting Secondary Hyperparathyroidi sm Up to 120
ESRD (End Stage Renal Disease) patients undergoing chronic
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15 are provided in Table 1.



5 hypercal cem a or m|d hyperphosphatem a during the treatnent
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transi eft ml e Ryperealecerta—ts ObSETVEed, Wt CTh 15 COrTected by
appropriate reductions in 1[err]-OHvitamn DO er dosages. 20
At the end of the first Agelbeek treatment period; _ u PTEFﬁiS i

the desired range of 130 to 240 pg/nL anBroadr um | Reete Q‘E‘F fSFR?H

phosphorus are normal or near normal for end stage renal disease patients.

At the end of the second 12-week treatnent period (duri n'g whi ch
time %?ﬁ Lf ‘ﬂgtﬂ'fﬁéhsD[ o] treatnent is suspended and repl aced
by placebo th % mean ser i Bidgl val ygg_peg kedl y ¢ geLpase,

r eachi pr et ot F&i‘éﬁyé Thi s l6'T3|g'd-|stud;/ﬁadermnstrat es that: (1)
1lerr]-CHvitamn err] is effective i ducin erum TH

| evel s, and (godn{rghl!om (mg/dayh D[err$1$(§ saf e?s@ﬁz#: curren‘WT6 sed

t her api es, despite.its higher dosages and concurrent use of high
|l evel s of oralCaleheiinh(TU/day) phosphai-80®i nder .256500 50—200ne

foregoi ng exanpl es denonstrate-that 1[err]-Odvitamn Derr] is effective

in preventin ' the | oss of SS 100-bpS0H M nel2Sd—1000ent
whi | e 9 Bipnbgphifaeio Swa000
PCT/ US96/ 04553 . -

bei ng subst anERlgwg S“P@'S?g‘enfsomda’f)hanzsoﬁse?or] , qu()(_él—.ﬂoerr] - \7.3%%0900[ err]

and
15 Cobalamin (ug/day) 5-200 20—100 30—50
Pertussis Toxin (mg/day) 0.1-2000 . 10—1500 100—1000
Boron (mg/day) 0.10-3000 1-—250 2—100

Although the above examples detail dosage by mouth, it is to be
20 understood that the compounds can also be administered in alternative fashions,
including intranasally, transdermally, intrarectally, intravaginally, subcutaneously,
intravenously, and intramuscularly.
In summary, the present invention provides therapeutic methods for
lowering blood levels of parathyroid hormone which are secondary to end stage
25 renal disease. The method in accordance with the present invention has
significantly less resultant hypercalcemia and hyperphosphatemia.
While the present invention has now been described and exemplified with
some specificity, those skilled in the art will appreciate the various modifications,
including variations, additions, and omissions, that may be made in what has

30 been described. Accordingly, it is intended that these modifications also be



{err]-O4vitamn Dierr]. It is to be understood that although the

“f oregoi ng exanpl es detail the use of 1[err]-OHvitamn Dierr],
ot her conpounds within the scope of the claims may be readily
utilized in the treatnent of this invention with essentially 5

equi val ent res%t s. For exanple, 1[err], 24(S)-(OH) [ err] -RCT/HSA6P43F3cr 1 |
shows ac‘f’P\?f'?V equi valent to 1[err],24(R)-(OH)[err]-vitamn Dierr]
and is also significantly |less toxic thaga_ its vitam n D3
counterpart. Al so included within the scope of the clains would be
admini stration of effectiyve t e daed €sent invention

conj unction encompassﬁﬁh{ ‘E%R%%ﬁﬁg rlﬁg)r?%? ot hereg%%éené)%glpgr ot her agents
whi ch have bgan; 14 by thetttoaddstiritedpretatior tiiab lawfully ican bieraccorgedhe
experiencing or tending'toward | oss of - bone nmass or bone m neral
content. appended claims.Such hornones or other agents may include

conj ugat ed estrogens or their equi val ents, calcitonin,

bi phosphonat es, cal ci um suppl enents, cobal am n, pertussis toxin
and boron. Possible dose ranges for these co-adm nistered agents 15 are
provided in Table 1. - WD 96/ 31215 '
PCT/ US96/ 04553 . -22-

TABLE 1 Possi bl e Oral Dose Ranges for Various Agents

Co- Admi ni stered Wth 1[err]-Hydroxyvitamn Derr] 5

Agent Dose Ranges

Br oad Preferred Most Preferred Conj ugat ed Estrogens or 10

Equi val ent (ng/ day) 0.3-5.0 0.4-2.4 0.6-1.2



Sodi um-Fl uori de (ng/ day) 5-156———30-75 40- 60
Calcitonin (11U day) 5 25- 500 50- 200

Bi phosphonat es g@i@ﬁw ""UHMH 00 250- 1000

Cal ci um Suppl enrents (ng/day) 2 Lo 00 750- 1000 15
Cobal ami n [day) . 5-200 20- 100 30-50
Pertussis %%r‘h]‘%ﬁg/ day) 0. 1- 2000 10-1500 100- PGE{AIS96/04553
Bor on (ny/ day) 0. 10- 300Q 1- 250 2-100

Al t hough the above exanpl es detai|l dosage-2#* nouth, it is to be 20
understood that the conmpounds can al so he adninistered in alternative
f ashi ons, I ncl udi ng i1 ntranasal C!«,Amsinsdermal ly, intrarectally,

i ntravagi nal |y, subgutan . enous and .

i ntranuscul arly. Bt AnRCHiEtnba for A°‘¥%%?€%“ﬂ}8et’é‘fﬁf°$mm Perathyreidi des

t her apeut i ¢ nehérawbmefinhuman patients|saffefin g'ﬁ'ohlS H%Erbﬂ‘éﬁigi%@isn? %&hﬁﬂpﬁfgd% hod
o

hor none which are sec n‘gary to end stage 25 " “ren | sease.
i n accordance ¥f8T¢ B&ASe, COMPYISIG: oradministering to saids patisrits Ganefactvess

|t h [ P hatema. . . VWiile th
oy esent T nvens SaGE o vt MR ROREE A mainsain lowssed,semum parattyroid.
sone speci fi ci hormdnedevels,kéaid aflalog colifpridirg w’dnhlaag}p_r eci ate the various

nodi fi cati ons, i ncludi ng variations, additions, and om ssions,
that may be made in what has 30 been dggcribed. Accordingly, it is
i ntended that these nodificati ong 8' so be 3 WD 96/ 31215
PCT/ US96/ 04553 3 CH -23-

ngd theRl he scope of the present

enconpassed by the present invent ic%n
3 C C

i nvention

(1)

HO OH

wherein B and C are either hydrogen or a carbon-carbon double bond between
C,; and C,,; and R, is hydrogen or hydroxyl.

2, The method according to claim 1, wherein said analog of
10 formula (I)is 1-OH-vitamin D,; 1c,24(S)-(OH),-vitamin D,; 1a-OH-vitamin D,;
or la,24(R)~(OH),-vitamin D,.

3. The method of claim 2 wherein said analog comprises a dosage of
1 to about 100 ug/week.

| 4, The method of claim 1 wherein said analog, in solution, in a liquid
15 vehicle ingestible by and nontoxic to said patients, is administered orally in
encapsulated form.



be limted solely by the broadest interpretation that lawfully can be

accorded t he appended cl ai ns —
PCT/ US96/ 04553 P ; WD 96/ 31215

CLAI V5: L A maltl“lm mmrllllullur“llmy "oar mai nt ai ni n34l owered

serum par at hyroi d hor none* i nf hdnmaM patients sufferm 6/0485.
epoTy!

hyper par aNg/ ﬁ‘&ssm secondary to end P stage renal di seas:e ?

conprising: admnistering to said pati ent? an effective 5 amount of

a vitamin D analog to | ower and maintain foO\ [
. ain wered serum
hor none | evel s, um par at fyr o) ¢

said angl,0g_C rigi f Or . - . . . .
50 andy r8in Sdid dministered
Eg; [)Ln-car bon e mem 8?#%“;1@(}”@ are el t%o%§sdfogensof am

hydrogen or hy W&% hefed§t Ve agent charactirized byaaid dgent’s hbility ¢o rgduce] i s

loss of bone mass, or bone mineral content in patients.

6. The method of claim 5 wherein said agent includes other vitamin D
5 compounds, conjugated estrogens, sodium fluorides, biphosphonates, cobalamin,

pertussin toxin or boron.

7. The method of claim 1, wherein said administration of said analog
is parenteral.

8. The method of claim 7 wherein said administration is by
10 subcutaneous, intramuscular, or intravenous injection, nasopharyngeal or mucosal
absorption, or transdermal absorption.

9. The method of claim 1 wherein said administration of said analog

is nonparenteral.

10. A pharmaceutical composition having serum parathyroid hormone

15 lowering activity, comprising, in unit dosage form, an effective amount of a

vitamin D analog which is le-OH-vitamin D,; 1a,24(S)-(OH),-vitamin D,;

{-OH-vitamin D,; or 1a,24(R)-(OH),-vitamin D,; and a pharmaceutically
acceptable excipient. '

11. The composition of claim 10, wherein said amount is 0.25 to
20 5.0 ug. |

12. A pharmaceutical composition as claimed in claim 10 which further
comprises, in combination, at least one agent characterized by said agent’s ability
to reduce loss of bone mass or bone mineral content in mammals experiencing

or tending toward said loss of bone mass or bone mineral content.



2. The nmethod according to claim1, wherein said analog of 10 forml a
(F)isl[err]-OHvitamin Dlerr];1[err],24(S)-(OH[err]-vitamn Dlerr];

R SUREINI | 11t 11T {1 RS AE A R A

conprises a dosage of 1 to abodt foo*® [eFr]g/ week 96/0

4. The Q6632 claim1 wherein said analog, in soluti or%,CT,Us ss:(’:]u d 15
vehi cl e ingestible by and nontoxic to said patients, is admnistered orally
in encapsul ated form 86/ 31215

PCT/ US96/ 04553 . .y . . . 4A9O- . .
5.  The method of 13} ai é Phagmacentical SOMPOSILIOR gs Fm?lgﬁrlédﬂl?‘ﬂem said

conbi nat | on wuh af | 435! he VSRR DF BafBGHRIS, LBHuRheR b arbens! cACABIN] |V

one nmass, ne m nera content” In patients.

6.  The net h%Sdﬂin Fludride > bvdphoq:hmmas,d calgium supplements, cobelamin} pertussin 5
conmpounds, conjugated estrogens, sodium fluorides, biphosphonates,

cobal am n, toxin orphoromssi n toxi n or boron. 7. The
met hod of claim11, wherein said adm nistration of said anal og S
parenteral . _ 8. The nethod of claim?7 wherein said

adninistgation is by As an article of manufacture, a fablet having activity to lower
parathyroid hormone level as measured by blood serum level of parathyroid
hormone over tinie after ingestioﬁ, comprising: from about 0.25 to 5.0 ug of a
vitamin D analog selected from the group consisting of 1o-OH-vitamin D,;
1c,24(S)-(OH),-vitamin D,; 1a-OH-vitamin D,;and la,24(R)-(OH),-vitamin D,.

10 15. A method for achieving an effect in a patient comprising
administering an effective amount of the composition of claim 10 to the patient
wherein the effect is lowering or maintaining lowered serum parathyroid hormone

levels, and thus decreasing loss of bone mass or bone mineral content.

16. A method of treating a human to alleviate or prevent the

15 pathological effects of hyperparathyroidism secondary to end stage renal disease,

wherein the method comprises administering to said human a vitamin D analog

selected from the group consisting of la-OH-vitamin D,; 1c¢,24(S)-(OH),-

vitamin D,; 1&-0H-vitamin D,; and 1c:,24(R)-(OH),-vitamin D, wherein said
compoﬁnd is administered to said human in an amount sufficient to lower or

20 maintain lowered serum parathyroid hormone levels in said human to thereby

alleviate or prevent said effects.



10 .. subcutaneous, intranuscular, or intravenous injection Q;}'og’oe%-—
nasoﬁharyngeal or nucosal absorption, or transdernmal "absorption.

9. The method of claim 1 wherein said adm nistration of saig .‘- RTWMP Ly
I S nonparenteral. 10.- A pharmaceutical “co ShiPth i one op
havi ng serum hyr oi d mkmnm@uumémrmmmmnw ty, ~““"« si ng, n3
unit dosage an effective anpiffmatigpl Byreau vitam n D anal og V\/m ch
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5
| ‘ower *
par at hyr oi d

about 0.25 to 5.0 [err]g of a

14.

As an article of manufacture,
par at hyroi d hornone | evel

hor mrone over tine after ingestion,

group consisting of 1l[err]-O4vitamn Derr];

1lerr],24(S)-(OH)[err]-vitamn Dierr];

a tablet having activity to
as neasured by bl ood serum | evel

conpri si ng:
vitam n D anal og sel ected fromthe

llerr]-O4vitamn Derr];and

from

1[err],24(R)-(OH)[err]-vitamn Derr]. 10 15. A nmethod for
achieving an effect in a patient conprising adm ni stering an
effective anmount of the conposition of claim1l0 to the patient

wherein the effect is lowering or maintaining | owered serum parathyroid
hor none | evel s, and thus decreasing | oss of bone mass or bone
m neral content. 16. A nethod of treating a human to

alleviate or prevent the 15 pat hol ogi cal effects of hyperparathyroidism
secondary to end stage renal disease, ' wherein the nethod conpri ses

adm nistering to said human a vitam n D anal og selected fromthe
group consisting of 1l[err]-OHvitamn Derr]; 1[err],24(S)-(OH)[err]-
vitamn Dlerr]; 1[err]-O4vitamn Derr]; and
1lerr],24(R-(OH)[err]-vitamn Dlerr] wherein said conpound is
adm ni stered to said human in an anpunt sufficient to | ower or 20

mai ntain | owered serum parathyroid hornone | evels in said human to thereby
alleviate or prevent said effects.
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