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USE OF LMETHYLEMNE-19-NOR-(205-1¢ 28-BHHYDROXYVITAMIN B, TO
TREAT SECONDARY HYPERPARATHYROIDISM

BACKGROUND

{6001] This mvention relates f© vitamin D compounds useful in treatng andfor
preventing secondary byperparathyroidisin andior the sympioms thereof, and more
particniarly to the use of the vitamin D compound Z-methylene-19-nor-{208)-10,25-
dihydroxyvitamin D3 to treat andfor prevent secondary hyperparathvroidism and/or the

synptems thereof

{802] Renal disease has becomwe an increasingly tmportant health problem in vivtually
every country in the world including highly developed countries such as the United
States. Presently there are about 250,000 patients on renal dialysis whe have lost alimost
complete use of their kidneys. There are approximately ten times this number of patients
who have losi some degree of renal Runction doe fo renal dissase and are progressing to
compiete renal fajture. Reval failure is evidenced by a decreased glomeruli fikration rate
(GFR) from a high value of 110 miminue/1. 73 m’° o 30 mi/minute/1.73 m where

dialysis s often inftiated.

{00031 Many factors contribute to the development of renal disease. High blood pressure
is one of the sipnificant comtributors, a8 1§ having Type I or Type I diabetes. Corrent
treatrnents {or renal failore are limited to bemodialysis, an extremely expessive procedure
that corrently is supported by federal governments becanse individuals typically cannot
afford this procedure on thetr own, The anncal cost of renal disease 1 the United States
alone is over 542 bithon. Accordingly, effective methods for preventing renal disease
and ireating symptoms thereof would not oaly provide a major health benefit but would

also provide a major economic benefit.

{0804} It is now universally sccepted that vitamin D must first be 235-hydroxylated o the
fiver and subsequently lechydroxviated o the kidoey before it can fonoton.  {(See

Delucy, “Vilamin D The vitamin and the hommone,” Fed. Proc. 33, 2211-2219, 1974).

These two reactions produce the final active form of vitamin D, namely o, 25-{OHRDs.
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{See Deluca & Schroes, “Vitamin £ Recent advances,”™ Ann. Rev. Biochem. 52, 411-
439, 1983), This compound then stimulates & mumber of physological processes
including: stimulating the intestine to absorb calcium, stimulating the kidney o reabsorb
calcim, stimulating the mtestine 1o gbsorb phosphate, and stimnlating bone to mobilize
calcium when signaled by high parathvroid hormope {PTH) levels. These actions resalt
in a rise in plasma calcium and phosphorus levels that bring about the healing of bone
lesions such as rickets and osteomalacia and prevent the neurological disorder of

hypocalcenne tetany.

{0005 Secondary byperparathyroidism 1 3 universsl complication n pattents with
chronic renal failwre.  Low levels of 1a25{0OHRD: and phosphate retention are
responsible for the development of secondary byperparathyroidism.  Low levely of
civculating 1o 25-(0HRD; are the result of impaired kidoey function resulting in the
patient's inability fo convert 25-hydroxy-vitamin B to le25-dilydroxyvitamin Dy, Asa
resull of low levels of circulating Ye 25-(OHRD:, inmestinal calcium absorption is
minimal which subsequently results in insufficient seram calcium levels. When the
parathyroid glands sense a low level of serum calcium, the parathyroid glands secrete
PTH which canses calcium to be mobilized from bone 1o regulme serum calcium. Left
unchecked, this abnormal secretion of PTH will lead w the developmem of renal
osteadystrophy. High PTH levels can also lead 100 1) weakening of the bones; 2}
calciphylaxis (when calciom forms clumps in the skin and lead to ulcers and potentially
death of surrounding tissue); 3) cardiovascular complications; 4) abnormal fat and sugar

metabolism: 5) iiching {pruritis); and 6) low blood counts {(anemia).

{0806} 1o 25-dthydroxyvitamin Dy has  been uwsed as  a  therapeutic  for
byperparathyroidism in patients with renal diseases.  In the treatment of secondary
typerparathyroidism  of renal osteedystrophy, #t i3 well known that o235
dibvdroxyvitamin D4 binds to the vitamin D receptor (VDR) located in the parvatbyroid
glands to suppress both growth and proliferation of the parathyroid cells and expression
of the preproparathyvoid gene. (See Demay ef ol "Sequences in the human parathyroid
hormone gene that bind the 125-dihydroxyvitamin D receptor and  mediate

transcriptional repression in response fo 1, 25-hydroxyvitanun D27 Proe. Natl. Acad. Set,
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USA &9, 8097-8101,1992; and Darwish & Deluca, "ldentification of a transcription
factor that binds to the promoter region of the buman parathvroid hormone gene,” Arch.
Biochem. Biophys 365, 123-130, 1999} Because of its ability to suppress parathyroid
hormone (PTH), 1,25-(0H).: has been used with success in the trearment of secondary
fiyperparathyroidism,  (See Slatopolsky ef o, "Marked Suppression of Secondary
Hyperparathyroidism by Inravenous Admimstration of 1 25-dihydronveholecalotferof in
Uremic Papents.,” } Chn Invest. 742136-2143, 1984). The use of 1 25-
dihydroxyvitamin D3 in the weatment of secondary hyperparathyroxdism of renal
osteodystrophy is often precluded, however, by the development of hypercalcemia
resuiting from  le25-dihydroxyvitamin I's potent action on  infestinal calciwm

ahsorption and bone minergl calcium mobitization.

{8867} As noted previously, secondary hvperparathyroidism typieally will occwr in
patients andergoing renal dialysiz. Chronic renal failure is the most common canse of
secondary hyperparathyroidism. Failing kidneys do not convert enough vitamin D to #ts
active form and do pot adeqgoately excrete phosphate. When this happens, insolable
calcium phosphate forms in the body and removes calcium from circulation. Ultimately,

this leads fo hypocalcentia and secondary hyperpacathyrotdism,

0808} Secondary  hyperparathyroidism  also  cap  result  from gastroinigsiinal
malabsorption  svndromes {e.g., chronic pancreatinis, small bowel disease, and
malabsorption-dependent bariatric surgery in which the irgesiines do not absord vitamins
and minerals properly), where these syndromes may resalt in insufficient absorption of
the fat sobuble vitamin D, When vitanin D s insufficiently absorbed, hypocalcemia may
develop and a subsequent increase in PTH secretion may result where the body attempts
to  increase  serum calchum  levels.  However, hvpocalcemia  and  secondary
hyperparathyroidism also may appear W the carly siages of renal disease due o fow
fevels of L23{OHRD;:. Other less common vaases of secondary hyperparathyroidism are
long-term Hihiwm therapy, vitamin D deficiency, malautrition, vitamin D-resistant

rickets, or hypermagnesemia (e, aboormally high blood magnestum levels).
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[600%] Symptoms of secoendary hyperparathyradism include incressed levels of serum
PTH, serom phosphorus, and serum creatinine. Less overt symptoms inciude bone and
joint pain, bone deformities, broken bones (fractures). swollen joints, kidney stones,
increased urination, muscle weakness and pain, nausea, and loss of appetite. Other less

conmmon symptoms mclude fatigue, upper abdominal patn, and depression.

{80610{ Treatment of secondary hyperparathyroidism typically involves addressing
the underlying cause of the hypocalcemia.  In patlents with clwonic renal failure,
wreatment consists of dietary restrietion of phosphorus, supplements whh an active form
of vitwnin D such as calciiol, Hectoroh®, or Zemplar®{paricalcitoll, and phosphatg
binders which can be divided into calciunr-based binders and non-calciom based bindevs.
A pewer class of medication ¥s calchmimencs, one of which 13 conmmercially available as
Sensipar®(cingcaleety m fhe United States and Australia, and as Mimpara® in the
Earopesn Union, Calcimimetics have achisved positive responses and ae FIIA approved
for use in patients on dialysis, but have not been approved for use i chronic kidney
disease pre-dialysis becanse, among othier concerns, they can increase phosphoros {evels,
Most patients with hyperpasthyroidism secondary & chronic Kidney disease will
prove gfter renal frangplamt, but many will continue to have a degree of residual
hyperparathyvrordism (Je., tertiary hyperparathyroidisay} post-transpiant with associated

tisk of bone loss.

{00011} Although serum phosphorus is usaally normal n patients with early renal
msufficiency, phosphate restriciion can reduce secondary hyperparathyreidism. Dietary
phosphate resiriction increases 125-(OHRDy levels,  (Ser Portale er of, "Effect of
reary Phosphoras o Chraulating Concentrations of [ 23-dihedroxyvitamin D and
hunusoreactive Parathvroid Hormone in Children with Moderate Renal nsufficiency,”
I Clin Invest. 73:1580-1589, 1984). This v turn decreases PTH by directly suppressing
PTH gene wanscripuon and by increasing hntestmal ealciun absorption. In later stages of
repal failure, the extent of hyperparathyroidisnt and 1 25(0HLD: deficiency increases,
and phosphate restriction has tle effect on 1L25-(OHBD: levels. {See Lopez-Hilker ef

af., "Phosphorus Restriction Reverses Hyperparathyroidism w Urennis Tadependent of
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Changes i Calotium and Calclriol,” Awm 1 Physiol. 239:F432-F437, 1990}, This

presumably due to the decreased renal mass available for 1,25<(OHRD: synthesis.

{00012} Reveral vinus D analogs with ow calcemic activity have been foand to
be nearly as effective as 1 25-(OHLD: i suppressing PTH secretion by cultured bovine
parathyrowd cells,  These nclude 22-oxacalcitiol (OCT), (Brown «f &, "The Non-
Calceniic Apalog of Vitamin B, 22-oxacaleitriol (OCT) Suppresses Pavathyroid Hormone
Synthesis and Secretion,® J. Clin, Tavest. 84:728-732, 1989), as well as 1,25 (0OH):-16-
ene-23-yne-Dy, 1,25-{0H)-24-dihomo-Dy, and 1.25-(0H p-24-trihomo-22-ene-Dy. 22-
oxacaloiiriol has been exantined In detail for this action M vive. (Se¢ Brown e&f o,
"Selective ViHamin D Anglogs and their Therapeutic Applications.” Sem. Nephrol
14:156-174, 1994, reporting that 23-oxacalcitriol, despise s rapad clearance @ wvihvo,
cousld suppress PTH mRNAYL Low, submaxima! doses of caleitriol and OCT extubited
comparable inhibition. OCT also has been shown to suppress serum PTH moaremic rats

and dogs.

06013} Another analog of 1,25-{OH:D: with low calcemic and phosphatemic
action is 19-nor.1 25-(0H D, This analog of calctiriol bas the carbon 28 and the double
hond at carbon 22 that are characteristic of vitamin Dy compounds, but it lacks carbon 19
and the exocyclic double bond found in all natweal vitamin D compounds.  Swudies ix
viire utilizing a primary culture of bovine parathyroid cells demonstrated that 19-nor-
1.25<(0HRD: had a similar suppressive effect on PTH as 125-(0HRD,. A 32%
suppression on PTH release was obtained with 19-nor-125-(0OHRD; at 107M. There
was no significant difference in the suppressive effect of PTH secretion between the two

compounds,

{01 4] Thereafter, preliminary studies were performed i vive 0 detenuine the
caleemic activity of 19-nor-1 25(OHRD:. It was found that 125-(0HLD: (10 sp/rat/10
days) ingreased serum calcium fo the same magnitude as 19-nord 25-{0Hy) Dy {100
nefratf10 days). Because of this, three different doses of 1254{OHRD: (2, 4, and & ng)
and 19-nor-1 25-(0HRD; (8, 25, and 75 ng) were selected for chronic studies. After two

months of renal insufficiency, the anbmuals recetved the above two compounds at the three
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indicated doses, four times, during & period of eight days. As expecied, 1, 28 {OHRD;
suppressed pro-pro-PTH mRNA and PTH secretion.  However, this decrease was
statistically significant only with a 8 ng dose, and this dose induced hiypercalcemia and
hvperphosphaternia.  On the other hand, none of the doses of 19-nop-1.25-(0OHRD:

prodaced statistically significani changes in serum wonzed calcinm or serum phosphorus.

{00015} 19-n0or- 10, 25(0HRD, is also known as Pariealeitol and {9-nor-1e,25-
dihydroxy-ergocalciferel.  Paricaleitol iyjection is svailable commercially as Zemplar®
from Abbott Laboratories, Abbott Park, [l A paricaloitol (Zemplar®) injection is
described in 118, Pat. No. 6,136,799 and has been approved by the FDA and is marketed
for the prevention and treatment of secondary hyvperpsrathyroidism associated with
chronic renal failare (CKD Stage § ov end-stage renal disease {(ESRD), GFR <15
mb/min/1.73 m°). This intravenous formulation contains 2-10 micrograms/millititer of
paricalcitol, 30% (v/v) propyiene glycol, 20% (v/v) ethanol and approximately 50% {viv)
water, Studies indicate that paricaleitol injection suppresses elevated levels of PTH with
minimal effect on serum calcium and phosphorus levels, Since its approval by the FDA
in Aprit of 1998, 11 is estimated that approximately 200 000 patients have received at least
one dose of paricalcitol injection.  Chnically, the safety and efficacy of paricalcitol

mjection to treat secondary hyperparathvroidism are well established.

016} Hyperphosphatemia is also a persistent problen in chronic bemodialysis
patients and can be forther agpravated by therspentic doses of 1 25{OHRD;. (See
Delmez of of., "Hyperphosphatemia: Its Consequences and Treatment in Patients with
Chromic Renal Disease” Am. I Kidoey Dis. 19:303-317, 1992 and Quarles er o,
"Prospective  wial of Pulse Oral verses Inwavenous Caloliriol Treatwent of
Hyperparathvroidism in ESRD" Kidney Int. 45:1710-1721, 1994). In addition, the
control of phosphate absorption with large doses of calciurg carbonate only increases the
risk of hypercalcemia fram 1 25-(OHRD; therapy. {See Meyrier er af, "The Influence of
a High Calcium Catbonate Intake on Bone Disease in Patiemts undergoing
Hemodialysis," Kidney Int. 4:146-153, 1973, Morumere of al, "Substitupon of
Aluminum Hydroxide by High Doses of Calcium Carbonate in Patients on Clwonie

Hemodiatysis:  Disappearance  of  Hyperahmmnaemia  and  Eqoal  Control of



1983; and Slatopolsky et al., "Calcium Carbonate as a Phosphate Binder in Patients with Chronic
Renal Failure Undergoing Dialysis,” New Engl. J. Med. 315:157-161, 1986). Thus, an analog of
1,25-(OH),D; that can suppress PTH with minor effects on calcium and phosphate metabolism

would be an ideal tool for the control and treatment of secondary hyperparathyroidism.

[00017] Another vitamin D analog, namely, 2-methylene-19-nor~(20S)-1a,25-dihydroxyvitamin
Dj (referred to in the literature as "2MD") is also known to suppress PTH production. (See U.S.
Published Application No. 2011/0034426A1). Although it would therefore appear to be a
candidate for treating secondary hyperparathyroidism, it is also well known from U.S. Patent No.
5,843,928 that 2MD has very potent calcemic activity. 2MD significantly increases bone calcium
mobilization activity to a level likely to be 10-100 times that of 1a,25-(0OH),D; while also
exhibiting a modest increase in intestinal calcium transport activity. Due to this highly selective
activity for the mobilization of calcium from bone, the compound 2MD was never seriously

considered as a pharmaceutical agent for treating secondary hyperparathyroidism, until now.,
SUMMARY

[00018]In one aspect there is provided a use of 2-methylene-19-nor-(208)-1a.25-
dihydroxyvitamin D; or pharmaceutically acceptable salts thereof in the manufacture of a
medicament for treating or preventing secondary hyperparathyroidism or the symptoms of
secondary hyperparathyroidism in a subject with established kidney failure without inducing

hypercalcemia in the subject.

[00018a] It has now been discovered that the vitamin D analog 2MD has the ability to treat
secondary hyperparathyroidism as well as symptoms of secondary hyperparathyroidism when
administered under well-controlled conditions to a subject in need thereof. It also now been
discovered that the vitamin D analog 2MD has the ability to prevent secondary
hyperparathyroidism as well as symptoms of secondary hyperparathyroidism when administered

under well-controlled conditions to a subject in need thereof.

[60019) In one embodiment, the present disclosure provides a novel method of treating
secondary hyperparathyroidism by administering a therapeutically effective amount of a
composition comprising 2-methylene-19-nor-(208)-10,25-dihydroxyvitamin D; (2MD) or

pharmaceutically acceptable salts thereof as the active agent to a subject

134 -



exhibiting symptoms of secondary hyperparathyroidism, without inducing hypercalcemia

in the subject.

[00620] In another embodiment, the present disclosure provides a novel method of
) treating symptoms of secondary hyperparathyroidism by administering a therapeutically
\ effective amount of a composition comprising 2-methylene-19-nor-(20S)-1¢,25-
dihyroxyvitamin D3 (2MD) or pharmaceutically acceptable salts thereof as the active
agent to a subject exhibiting symptoms of secondary hyperparathyroidism, without

inducing hypercalcemia in the subject.

[00021] In yet another embodiment, the present disclosure provides a novel
method of preventing secondary hyperparathyroidism by administering a therapeutically
effective amount of a composition comprising 2-methylene-19-nor-(20S)-1¢,25-
dihydroxyvitamin D; (2MD) or pharmaceutically acceptable salts thereof as the active
agent to a subject at risk of developing secondary hyperparathyroidism, without inducing

hypercalcemia in the subject.

[00622] In still another embodiment, the present disclosure provides a novel
method of preventing symptoms of secondary hyperparathyroidism by administering a
therapeutically effective amount of a composition comprising of 2-methylene-19-nor-
(20S)-10,25-dihydroxyvitamin D3 (2MD) or pharmaceutically acceptable salts thereof as
the active agent to a subject at risk of developing secondary hyperparathyroidism,

without inducing hypercalcemia in the subject.

[00023] In one embodiment,  the 2-methylene-19-nor-(20S)-1a,25-
dihydroxyvitamin Ds is formulated in an oral, topical, transdermal, parenteral, injectable
or infusable form to be administered in amounts ranging from 10 ng/day to about 1
ng/day. Preferably, for the treatment of or prevention of secondary hyperparathyroidism,
or for the treatment or prevention of the symptoms of secondary hyperparathyroidism, the
compound 2MD is administered either orally or parenterally (i.v.). The dose may be
properly selected in accordance with the specific route of administration. Suitable doses

may include doses within the range of about 10 ng to about 1 ug per day. Preferably a

-8/34 -
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dose 1 administersd three thmes per week either inavenously or orally o subjects

receiving hemodialysis treatment.
BRIEF DESCRIPTION OF THE DRAWINGS

08024} Figare 1 schematically Bluswrates the intraperitoneal treatment protocol

with 2MD comtemplated herein.

{00025] Figure 2 is & graph llusirating the effect of intraperitongal admivdsration

of 28D at varions doses on secum FTH in a wpemic rat model.

{06626} Figare 3 is & graph illustrating the effect of imtraperitoneal administration

&

of ZMD at various doses on serumt caloium 111 & wemic rat model.

{08027} Figure 4 schematically lustrates the oral reatment protocol with IMD

contemplated herein.

{60028 Frgwre 3 is & graph Hustrating the effect of oral admantstration of 2MD &

vartous doses on senwn FTH in & wemic rar model.

{00029 Figure & is a graph lustrating the effect of oral administration of 1%-nor-
T, 25-dihdroxyvitamin Dy (marketed onder the fradename Zemplar®) at vartous doses on

serum PTH iy a wresnde vat model,

{69304 Figure 7 is 3 graph Hlusteating the effect of oral adounisiation of 2ME at

various doses on serum calcium in a uremtic rat model.

{00311 Figare 8 is a graph illustrating the effect of oral administration of 19-nor-
I, 25-dihydroxyvimtin D; (marketed under the tradename Zemplar®) at various doses on

serian PTH in a vremic rat model,

60032} Figure 9 is a graph iliystrating the effect of oral administration of 2MD at

varions doses on serum phosphorus in a wemic rat model.
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[66033] Figure 10 is a graph ustrating the effect of oral administration of {9-nor-
T, 25-dibydrosyvimtin Dy {marketed under the tradename Zemplar®) at various doses on

serum phosphorus in a wemic rat model.

[00034] Figure 11 s a graph tllustrating the effect of oral admmistration of 2MD at

varous doses pn seniun creatinine iy g uramic rat model.

{08035] Figure 12 is a graph iHusirating the effect of oral administration of 19-nor-
1a,25-dihydroxyvimtin Dy (marketed under the wadename Zemplar®) at various doses on

serum creatining m a uremic rat model

G0836} Figure 13 is a graph tHustrating the effect of oral administration of 2MD at
R 4 f’ N~

vartous doses on serum PTH 1o a Phase 1B human trial of postmenopausal women.
DETAILED DESCRIPTION

80637} Discloged are methods of weating sndfor preventing  secondary
hyperparathyroidism or the syvmptoms thereof.  The disclosed methods further may

described as follows based on the following definitions.

{06838} Unless defined otherwise, all technical and scientific ferms used herewn
have the same megnings as commonty understood by one of ordinary skill in the art to
which this invention belongs. Al publications and patents specifically mentioned herein
are incorporated by reference in their entivety for all purposes including describing and
disclosing the chemicals, mstruments, statistical analyses and methedologies which are
reported in the publications which might be used m connection with the invention.  All
referonces cited in this specification are to be taken as indicative of the level of slall in
the art.  Nothing herein is 1o be construed a3 an adnussion that the mvention i not

entitled to amtedate such disclosure by virtue or prior invention.

{00039 In the specification and in the clawms, the terms "including” snd
“comprising” are open-ended terms and should be interpreted o mean “including, but not

fimited 10" These terms encompass the more restrictive terms "consisting essentialty ofY

- W34 -
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and “consisting of" 1t is also to be noted that the terms “comprising.” “including”

“characterized by" and "having” can be used interchangeably.

{08040} As used herein and in the appended claims, the singudar forms "a" “an"
and “the” inclade plural reference wnless the context clearly diclates otherwise. As well,
the terms "a" {or "an"}, “one or more" and “at least one” can be used mterchangeably

herem.

{06041} Where a range of values is provided, it 1 undersiood that each imtervening
value, and any combination or subcombination of miervening values, between the upper
and Jower limit of that range and any other stated or mtervening value in that stated

range, 1s epcompassed within the range of values recited.

foa043 Certain ranges are presenied berein with nwmerical values being preceded
by the erm “aboul.” The term “abowt” © used herein to provide Hteral support for the
exact number that it precedes, as well as a number that Is near to or approximately the
nomber that the term precedes. In determining whether a nomber is newr o or
approximately & specifically recited number, the near or approximating unrecited nomber
may be a sumber which, in the contexy in which it is presented, provides the substantial
squivalent of the specifically recited mumber, and thus will typlcally refer to & nuraber or

value that is 10% below or above the specifically recited number or value.

{00043} The disclosed methods may be uiihzed to freat andior prevent secondary
hyperthyroidisn in a patient m need thareofl A patient i nedd thereof may include, but
iz not limited {0, a pailent having or at risk for developmy secondary hyperthyroidism
subsequent to a renal disgase or disorder. A patieni in need thereof may include, but is
aot Himited fo, a patient baving or at nisk for developing secondary bypecthyroidism
subsequent to renal osteodystrophy, for example, due to renal faflure. A patient in nead
thereof may include a patient undergoing renal dialysis. A patient in need thereof may
inchude, but s not lmited to, a patient having or at wisk for developing secondary
hyperthyroidism as a result of & gastrotntestingl malabsorpion syndromes {e.g.. chronic
pancreatitis, wmall bowel disease, and malabsorption-dependent bariatric surgery o

which the intestings do not absarb vitamins and minerals properly). A patient 1n noed

- 18734 -
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thereof may inclade, bt s not lmited to, 2 patient having or at risk for developing
secondary hyperthyroidism as a reswdl of a long-term hthivm therapy, vitamin D
deficiency, malontritton,  vitamin  Deresistant rickets, or hypermagnesemia (e,

abnormatly high blood magnesiom levels).

{16044} The disclosed methods may be utilized o weat andior prevenr the
sympioms of secondary hyperthyroidism in a patient in need thereofl Symptoms of
secondary hyperthyroidism weated and/or prevented by the disclosed methods may
inchsde, bt are not lnzted 107 weakening of the bones; calciphylaxis {when caleinm
forms clumps in the skin and lead to vleers and potentially death of surronnding tissue);
cardiovascular complications; abnormal fat and sugar meabolismy; iching {provitis), and
low blood counts (anemia).  Other gvmptoms of secondary hyperthyroidisnt teated
andfor prevented by the disclosed methods may include: increased levels of serum PTH,
serumy  phosphorus, and  serum  creatinine. Forther symptoms of  secondary
hyperthyroidism trested and/or prevented by the disclosed methods may include; bone
and joint pain, bone deformities, broken bones (fractures), swollen jomnts, kidney stones,
increased urination, muscle weakuoess and pain, nausea, and loss of appetite. Fven further
symptoms of secondary hyperthyroidism freated andior prevented by the disclosed

methods may imclude: farigue, upper abdominal pain, and depression.

jO0043] Previously, #t has been demonsuated that 300 ng per day of 10,25-
dibydroxyvitamin Dy (1,23(0H:Dy) adminisiered throogh the diet can effectively prevent
venal disease and renal fatture by reducing the symptoms of renal disease. (See James
Wonkee Kitn, Bffects of {¢.25-dibvdroxyvitamin D: on the MRL/Mpl-fasdpr model of
systenme Iopus ervthematosus (Phid. Thesis, University of Wisconsin-Madison (2009)).
For instance, it has been previvusly shown that administering 10.25-dibydroxyvitamin Dy
(125(0H),Dy completely prevents protelnuria in the MRLMpI-FASY (MRL/pr)
mouse model of systemic lupus ervthematosus (SLE)  (See il). However, severe
hypercalcemia always accompanied this treaimens. Hypercalcemm (ie., increased lovels
of calchun in the blood) can result in seriows physical problems, including death
Specifically, an increase in calctom of approximately 2 mg/100 mi is considered mild

hypercalcemia and is not considered a problem. However, an increase i calcium levels

L
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of more than 2 mgf100 mi s considered severs hypercalcemia and can cause calciication
of the kidney, heart, and aorta. Clearly, the use of this compound is not optimal to treat
or prevent secondary hyperparathyroidism, or the symploms thereof, because of the

resultant hypercalcemia.

[60046] 2-methviene- 1 9-00r-(208)- 10, 25-dibydroxyvitamin D QMDY s an
asalog of 1 25(0H D which has been shown to have ncreased i vive potency toward
hone bat not on intestinal calcium absorption, The overall synthesis of 2MD is illustrated
and described more completely 1o US. Pai. No. 5843928 issued Dec. 1, 1998, and
entitled "2-Adkylidens-19-Nor-Vitamin D Compounds” the specification of which iz
specitically ncorporated hevetn by reference. The biclogical activity of 2MD s also
reported in 175, Patent No. 5843928 and in Shevde ¢f ol “A Potent Analog of 1a25-
dihydroxyvitamin Dy Selectively Induces Bone Formation” PNAS, Vol 9%, No. 21 pp

13487-13491 {2002), both of which are specifically incorporated herein by reference.

joaa47] In the methods disclosed hevetn, IMD can be administered to trear andior
prevent secondary hyperparathyrofdism andior 18 sceompanying symploms without
causing severe hypercaicemia, while also resulting in reduced levels of phosphorus and

creatinine 1o blood as well as decreased PTH lavels in the blood.

{00048} Also in the methods disclosed hevein, 20D can be used to traat and reduce
the severity of secondary hyperparathyrowdism of renal disease and 18 accompanying
symptoms, without causing severe hypercalcenua, by reducing phosphorus, creatinme
and PTH levels in blood,

H0049] As used herein, “hypercalcemis” msans elevated calcium levels in the
blood of more than 2 mg/100ml. In a normal subject, calciem levels are approximately

9103 mg/dl or 2.2.2.6 numolL. In cases of severe hypercalcemia {j.¢., calcium levels

above 15-16 mg/dL or 3.75-4 mimolfL.) coma and cardiac arvest can develop.
jeoasg] The present invention therefore provides novel methods of weating andfor

preventing secondary hyperparathvroidism andior s accompanying symploms 18 3

subject at risk of developing secondary hyperparathyroidism, and of treating and/or
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preventing secondary hyperparathyroidism andfor its accompanying svoptoms in a
subject exhibiting symptons of secondary hyperparsthyroidism, by adminisiering to the
subject a  therapeutically effective  amounut of  2-methylene-19-nor-(208)-10.25-
difivdroxyvitamin Dy (2MD3 or pharmaceutically accepiable salts thereof without

inducing hypercalcemia i the sabject, where ZMD hag the structare (1)

OH

oM

[B0051 As used hereln, “preventing™ means forestalling of & clinical symptom
indicative of secondary hyperparatheroidisme, Soch forestalling nclundes, for example,
the mamienance of normal kidney funclions i a subject at risk of developing secondary
hyperparathyreddism prior to the development of overt symmptoms of secondary
fiyperparathyroidism including, but not Hmited to, increased levels of serum PTH,
phosphors and creatinine,  Thercfore, the term "preventing” woludes the prophylaciic
weatment  of  subjects 1o guard  them  from  the occurrence of  secondary
byparparathvroidism,  Preventing secondary hyperparathyroidism fn a subject 15 also

intended  to include  fnhibiting  or  awesting  the  development  of  secondary
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hyperparathyroidism, Inhibiting  or  aresting  the  development of  secondary
hyperparathyrowdism includes, for example, inhibiting or arresting the occumrence of

increased levels of serum PTH, phosphorus and creatinine.

{60052 As used herein, a “renal disease” or 2 “venal disorder” means & condition
exhibiting impaired kidney function in a subject who is not on dialysis or & patient with
chromic kidney disease (CKD} at stages 2 or 3, such as, for instance, acute kidney faiture,
acute nephritic syndrome, analgesic nephropathy, atheroembioic renal disease, chronic
kidney faiture, chronic nephritis, congenital nephrotic syadrome, goodpastare syndrome,
interstitial nephritis, kidney cancer, kidney damage, kidoey infecuon, kidoey injury,
kidney stones, membranoproliferative GNI, membranoprohierstive GNII, mentbranoos
nephiropathy, minimel change disease, necrotizing glomweralonephritis, nephroblastoma,
nephrocalemosts, nephrogenic diabetes insipidus, nephropathy-1gA, nephrosis nephratic
svadrome, polyeystic kidney disease, post-strepococcal OGN, reflux nephropathy, venal
artery embolism, renal artery stenosis, renal disorders, remal papillary necrosis, venal
tubular acidosis type I, renal tobular acidosis tvpe 11, renal underperfusion, renal vein

thrombosis.

[008053} "Renal disease” is also meant to molude patients with established idney
fathwe (ep., a glomerular filwation rate (GFR) of less than 15 mb/min/1.73 m” or
permanent renal replacement therapy (RRT)). A subject baving “renal disease”™ is meant
to include a subject who has had kidney damage for more than 3 months, as defined by
structural or functional abnormalities of the kidney, with or without decreased GFR,
manifested by either pathological sbrormalities or markers of kidney damage, including
abnormalities m the composttion of the blood or wrine, or sbnonnalities in Inaging ests,
Markers of kidaey damage inchude proteinuria of greater than 300 pgdday as measured by
24-HR excretion method, (See Table 15, Am, J, of Kidney Diseases, v.39, no. 2, Suppl. }
(Feb. 2002}, pp. 346-575, incorporated herein by reference} This definition may mclude

patients on dialysis,

[0Ba54] As used herein, a patient having “stage 2 chronie Kidney disease (CKDY?

means a patient exhibiting a mild reduction in GFR {(80-89 mLasin/1.73 o). Kidney
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damage iz defined ass pathologic aboormaliies or markers of damage, including
abnormalities in blood or vrine test or imaging studies. A patient having “stage 3 chronic
kidney disease (CKD)" means a patient exhibiting a moderate reduction in GFR (30-39
mbL/mindl 73 m'y. Guidelines for characterizing kidney disease may distinguish hetweén
stage 3A (GFR 45-59) and stage 3B (GFR 30-44} for purposes of screening and referval.
For more information about stages of kidney disease, see Am. 1 of Kidney Disease, V.

39, No. 2, Suppl. 1, Febraary 2002 incorporated herein by reference.

[OB0SS) As used herein, a “subject” inclades mammals and non-mammals.,
"ammals® msane any member of the class Mammalia including, but not limited to,
fumans, non-human primates such as chimpanzees and other apes and monkey species;
farm animals soach as cattle, horses, sheep, goats, and swing; domesiic animals such as
rabbits, dogs, and cais; laboratory animals inchuding rodents, such gs rats, mice, and
guinea pigs; and the Hke. Examples of non-mamaals include, but are not limited to,
birds, and the like. The tenm “subject” does not denote a particular age or sex. The
primary subjects to which the present invention is divected are the class of humans being
wreated with, or receiving, hemodialvsis. The term “subject” may be utilized herein

imerchangeably with the terms “patient” or “indwidual”™

{86056} As used herein, “administering” mean inroducing a compound into the
body, preferably nto the systemic circulation, as described in meore detail below.
Examples invlude but are not limited to oral, topical, buceal, sublingual, pulmonary,
transdermal, transmucosal, as well as subcutanecus, intrapertoneal, intravenous, and

inrarnuscutar injection ot in the form of Hgoid or solid doses via the slimetary canal.

00857 As used berein, “therapeutically effect” means an amount of @ compound
that, when administered o 8 subject for tresting or preventing a disease, 8 sufficient fo
effect such treanment of prevention of the disease. A “therapentically effective amount”
will vary depending on the compeund, the disease state being treated, the severity or the
disease wteated, the age and relative health of the subject, the route and form of
admimistration, the judgment of the attending medical or veterinary practitioner, and other

factors. As disclosed heren, male weanhing Harlan-Sprague Dawley rats  were
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admyinistered several dose levels of 2MD that would not cause significant hypercalcenyia.
We found that 2 12 nanograms/kilogram body weight (ng/kg bw) of 2MD per rat per day
is sufficient to prevent and freat secondary hyperparathyrotdism, or to prevent or treat
symproms of secondary hyperparathyrokdism, withont increasing serum calctum levels
Furthermore, 400 ng per day of IMI} in postmenopansal women showed over a 6%
reduction in serumy PTH fevels while maintaining serum caloium levels within the

physiclogically nonmal range (Figwre 13}

{00058] In one embodiment, the therapeutically effective amouant ranges from
between about 10 ngfday to about | pgfday, and preferably frony betwesn about 20
ng/day to about | pgiday. In & move preferred embodiment, the therapentieally effective
amount ranges from between abowt 40 ng/day o abont 600 ngiday, or between about 30
ngfday to asbout 600ng/dayv. In the most preferred embodiment, the therapeutically

effective amount ranges from between about 100 ng/day to about 400 ng/day.

[RLHINE As used haretn, “weati,” “treating” or “weatment” means amelioration,
alleviation or abation of a clinical svinpiom indicative of secondary hyperparathyroidisnn
Amelioration, allevigtion or abation of a clinical svmptom wcludes, for example,
arresting, reducing the severity of or slowing the progression of or causing the regression
of a sympiom of secondary hyperparathyrotdism, For instance, lowering the amount of
serum PTH, serumi phosphorus or serun creatinine levels m response to treatment with
IMD. Specifically, weating may inclnde reducing the amount of serum PTH, serum
phasphorus or serum creatinine by af least aboat 20%.  In one embodiment, the amount
of sertun PTH, serom phosphorus or serun Creatinine in the subject’s blood is reduced by
about 20-40% or about 35-30%. Other pathological conditions, chronic complications or
phenotypic manifestations of secondary bypearparathyroidism are known 1o those skilled
m the art and can similarly be used as a measwre of pemiing secondary
hyperparathyroidism so long as there is a reduction in the severity of the condition,

comphication or manifestation associated with the disease.

{88068} Effective compound formulations are described m U.S, Pat. No. 5,843 928

and include pharmaceutical applications as a solution in wnocuous solvents, or as an

.
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emulsion, sespension or dispersion in suitable solvents or carriers, or as pills, tablets,
capsules combined with solid cariers. Other formudations may also iachude otber
pharmacewtically acceprable and nontoxic excipients such as stabilizers, anti-oxidants,
binders, coloring agents or emulsifving or taste-modifying agents and extended release

formulations.

{00061 In one embodiment, the 2MD compound is the active pharmaceutical
ingredient (AP1) administered in the disclosed methods. The API may be foramlated in
an oral pharmaceutical dosage formy as a solution in innocuous solvents, emuldsion,
suspension or dispersion in suitable solvents or carriers. The AP may also be formulated
in various oral dosage forms, such as pills, tablets or capsules using sustable
pharmacentical solid cartiers. Such pharmaceutical formulations may also contain other
pharmacentically suitable USP-approved inaciive ingredients, excipients, sach as
stabilizers, anti-oxidants, binders, coloring agents, emulsifiers, and/or taste-modifving

agents, which are referred to as USP approved inactive pharmaceutical ingredients.

{66062} The APl may be adminisiered orally, topically, parenterally or
transdermaliy or by inhalation. The compound way be administered by injection or
intravenous infusion using suitable sterile solutions. Topical dosage forms may be
cremns, ofntments, patches, or similar vehicles suitable for twapsdermal and topicat

dosage forms.

{00063} In some embodiments, the APL may be formalated in doses for delivering
a dose ranging from between about 10ng/day t0 about 1 pgiday, preferable from between
about 20 ngrday to abowt Tug/day, and more preferably from between about 40 ng/day to
abont 600 np/day, or from between about 50 ng to about 600 ng per day and most
prefersbly from berween aboot 100 ngfday to abowt 400 ngiday. The AP preferably i
formutated in a dose that may be used for the prevention or teatment of secondary
hyperparathyroidism, or for the prevention or treatment of symptoms of secondary
hyperparathyroidism. Typically, the positive effects of ZMD are observed at dose levels

that do not significantly raise serum calcium. Such dose and dosing regimeas may be
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ad;uated to acconunodate disgase sev entx OF  Prog PPESSHIN, ptai}em predx%ptwucneatv

riskssusceptible~-to and other known criteria,

{0064} The pharmaceutically suttable oral carrier systems (also referred to as dipg
detivery systems, which are modern technology, distribuied with or as a part of a drag
product that allows for the unifonm release or targeting or drugs to the body) preferably
inclade FDA-approved andior USP-approved iactive ingredients. Under 21 CFR
210.3(b}&), an inactive ingredieat is any component of a drug product intended to
furnish pharmaceutical activity or other divect effect in the diagnosis, or to affect the
structare or any funcBion of the body of humans or other animal, Active ingredients
inclede those components of the product that may undergo chemical change during the
manufacture of the drug product and be present in the drug product in a modified form
intended to furnish the specified activity or effect. As use herein, # kit (also referred to as

a dosage formy} is a packaged collection of refated material.

{8055} As used herein, “oval dosage”™ forms may inchude capsules (Le, a solid
oral dosage form consisting of a shell and a filling), whereby the shell is composed of a
single sealed enclosure, or two halves that £t together and which are sometimes sealed
with a band, and whereby capsuale shells may be made from gelatin, starch, or cellulose,
or other suitable wiaterials, may be soft or hard, and gre filled with a sohid or liguid
ingredients that can be poured or squeszed. The oral dosage form may also be a capsule
or coated peliets, in which the drug is enclosed within either a hard or soft soluble
container or “shell” made from a suitable form of gelatin. The drug itself may be n the
form of granules to which varying amount of coating have been applied or m a capsule
coated extended release, in which the drag s enclosed within either a hard or soft soluble
container or “shell” made fom a suitable form of gelatin. Additonally, the capsule may
be covered in a designated coating which releases a drog or drogs in such a maoner to
atlow at least a veduction in dosing frequency as compared fo that drug or drugs presented

as a conventional dosage form.

180066} The oral dosage form may further be a capsule delaved release, m which

the drug is enclosed within either a hard or soft soluble container made from a suttable
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form of gelatin, and which releases a druy (or drugs) at a time other than promply after
admivnistration, whereby enteric-coated articles are delaved release dosage forms. Capsule
defaved release pellets, in which the drug 15 enclosed within either a hard or soft
container ar “shell” are also useful. In these cases, the drug uself is in the form of
granules o which enteric coating has been applied, thus delaying release of the drog unil

its passing into the intestine. Capsule extended release and capsule film-conted extended

release are also usefud.

jesa67} Additionally, the capsule 18 covered in g designaied film coating, snd
which releases & drug or drugs in such a manner to sllow at least a reduction in dosing
frequency as compaved to that drug or drugs presented as a conventional desage form),
capsule gelatin comed (a solid dosage form in which the drag is enclosed within either a
hard or soft soluble container made from a suitable form of gelatin; through g banding
process, the capswde 18 coated with addittonal layers of gelatn so as to forny a complete
seal), capsule Houid filled {a solid dosage form in which the drug is enclosed within 8
sohoble, gelatin shell which is plasticized by the addition of a polyol, such as sorbited or
glveerin, and is therefore of 2 somewhat thicker consistency than that of a hard shell

gapsuie).

{a6068] Typically, the gotive mgredienss may be dissobved or suspended 1 a liguid
vehicle, a granule {a small particle or grain)}, a peliet {a small sterile solid mass consisting
of a highly purified drog, with or without excipients, made by the formation of granules,
or by compression and molding), or a pellet coated extended release (a solid dosage form
in which the drug #self 13 in the forny of grannles o which varying smounts of coating
have been applied, and which releases a drug or drugs in such a manner io allow a
reduction in dosing frequency as compared o that drug or drups presenied as a

conventional dosage form).

000691 Other forms include pills (a simall, round solid dosage form containing a
medicinal agent intended for oral admmistation), powder (an intimate mixture of dry,
finely divided drugs and/or chemicals that may be intended for internal or external use),

elixir {(a cleas, pleasantly favored, sweetened hydroaleoholic hiquud containing dissolved
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medicinal agents; it is intended for oral use}, chewing gum (a sweetened and flavored
insoluble plastic matertal of varicus shapes which when chewed, releases a drug
substance into the oral cavity), syrup {an oral solution containing high concentrations of
sucrose of gther sugars; the term has also been used to inchude any other liguid dosage
form prepared in a sweet and viscid velicle, including oral suspensions), tablet {a sohid
dosage form containing medicinal substances with or without sutable diluents), tablet
chewable (a solid dosage form containmg medicinal substances with or without soitable
dituents that is intended to be chewed, producing a pleasant tasting residue i the oral
cavity that is easily swallowed and does not leave 4 bitter or onpleasunt after-taste), tables
coated or tablet defaved release, tablet dispersible, tablet effervescent, tablet extended
refease, tablet film coated, or tablet film coated extended release where the tablet is
formulated in such manner as to make the comained medicament available over an

extended period of thne following gestion.

{08070} In other forms, a tablet for solution, tablet for suspension, twblet
multifayer, tablet mubilayer extended release may be provided, where the tablet s
formudated in such manner as to allow at least a reduction w dosing frequency as
compared to thal drog presented as @ conventional dosage form. A tablet orally
disintegrating, tablet orally disintegrating delayed release, tablet soluble, tablet sugar

coated, osmotic, and the ke are also suiable.

{80071} The oral dosage form composition may contain an active phanmaceutical
ingredient and one or more inactive pharmacentical ingredients such as diluents,
sofnbilizets, alechols, binders, controlled release polymers, emaric  polymers,
disintegrants, exciplents, colorants, Havoranis, sweeteners, antioxidams, preservatives,
pigments, adduives, fillers, suspension agents, surfactants {e.g., anfonic, cationic,
amphoteric and nonionie), and the like. Varions FDA-approved fopical mactiee
ingradients are found at the FIA's “The Inactive Ingredients Database” that contains
inactive ingredients specifically intended as such by the manufactorer, wherehy mactive
ingredients can alko be considered active ingredients under cerfain clrcumstances,

according w the definition of an active ingredient givers w 21 CFR 210.3(bN7). Alcohol
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is & good example of an ingredient that may be cousidered either active or inactive

depending on the product formulation.

{06672} As used herein, the injectable and wfusion dosage forms include, but are
not limited to, 2 Hposomal mjectable, which sither consisis of or forms liposomes (a lipid
bilaver vesicle usually composed of phospholipids which is used to encapsnlate an active
drag substance). An injection, which inclodes a stexile preparation intended for paventeral
use; five distinet classes of injections exist as defined by the USP, i3 also suitable. An
emulsion injection, which fncludes an enwision consisting of a sterile, pyrogen-free
preparation intended o be administered paventerally or a lipid conplex ingection are also

sitabie.

006734 Other forms include a powder for solntion injection, which is a sterile
preparation intended for reconstitution 1o form a solution for parenteral use; a powder for
suspension infection that is & sterile prepamation nfended for reconstitution to form 2
suspension for parenteral use; a powder lvophilized for liposomal suspension injection,
which is a sterile fresze dried preparation miended for reconstitution for parenteral use
which has been formulated in a masner that wouold allow bposomes {28 hpd bilaver
vesicle usnally composed of phospholipids which s used 1o encapsulate an active drug
subswnce, either within a lipid bilayer or i an aqueous space) to be formed upon
reconstitution; a powder tyophilized for solution injection, which is a dosage form
intended for the sohetion prepared by lyophilization (“freeze dryving™). a process which
involves the removal of water from products  the frozen state at extremely low

PICSEYTSS.

080744 This s ttended for subsequent addivion of Boguid fo create & solution that
conforms i all respects o the requirements for imjections; a powder lvophilized for
suspension injection being & Hquid preparation, intended for parenteral use thar containg
sobids suspended it a suitable foid medium and conforms in all respects w the
requirements for Sterile Suspensions; the medicinal agents intended for the suspension
are prepared by tyophilization (“froeze drymg™), a process which involves the removal of

water from products in the frozen siate af extremely low pressures; a solation injection
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being & Hquid preparation containiog one or more drug substances dissolved in a suitable
solvent or mixture of mutially miscible solvents that is suitable for mjection; a solution
concentrate injection being s sterile preparation for parenteral nse which, upon the
addition of suitable solvents, vields a solution conforming in all respects to the

requirements for mjections.

{00075} A suspension injection comprises a liguid preparstion, suftable for
injection, which consists of solid particles dispersed throughout a tiquid phase in which
the particles are not soluble that can also cousist of an il phase dispersed thronghout an
agueons phase, o vice-versa. A suspension Hposomal injection comprises a liquid
preparation, suitable for injection, which consists of an ¢il phase dispersed throughout an
agquecus phass in sech a manner that Hposomes {a Lipid bilayer vesicle usually composed
of phospholipids which is used o encapsulate an active drug substance, either within a
lipid hilayer or in an squeous space) are formed. A auspension sonicated mijection
comprises a Hauid preparation, suitable for mjection, which consists of solid partcles
dispersed throaghout & quid phase in which the particles are not soluble. In addition, the
product is sonicated while a gas is bubbled through the suspension, and this results in the

Formation of microsphares by the solid particles.

{a8076] The parenteral camier svstem includes one or wmore pharmaceutically
suitable excipients, such as solvents and co-sobvents, sohibilizing agents, welfing agents,
suspending sgents, thickening agents, enmisifying agents, chelating agents, buffers, pH
adjusters, antioxidants, reducing agenis, antimucrobial preservatives, bulking agems,
protectants, tonicity adjusters, and special additives. Formmlations suitable for parenteral
administration convemently comprise a sterile oty or agueous preparation of the acnive

mgredient which s preferably tsotonic with the blood of the recipient.

{00077} As used herein, inhalation dosage fornms include, but are not lunited to,
aetosol being a product that 3¢ packaged under pressure and contains therapeatically
active ingredients that are releassd uwpon activation of an appropriate valve system
intended for ropical application to the skin as well as local application wito the nose (nasal

aerosolsy, mouth (ingual and sublingual aerosols), or lungs {inhalation aerosols): foam
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aerosol being a dosage form comaming one of more active ingredients, surfactanis,
aguenas or nonagueous lguids, and the propellants, whereby if the propellant is in the
internal (discontinuous) phase {Le., of the oil-in-water type), a stable foam is discharged,
and if the propellant is in the external {continuous) phase (1.e., of the water-in-oif type), a
spray or a guick-breaking foam is discharged; meterad aerosol being a pressurized dosage
form consisting of metered dose valves which aliow for the delivery of a uniform
guantity of spray upon each activation; powder gerosol being g product that is packaged
ander pressure and contains therapeutically active ingredients, in the form of a powder,
that are veleased opon activation of an appropriste valve system; and, aerosol spray being
an gerosol product which wiilizes a compressed gas as the propeliant to provide the force
necessary o expel the product as a wet spray snd being applicable o sclutions of

medicial agents m agueons solvents.

{60078} As used herein, transdermal dosage form includes, but & not limited 19, 3
patch being a drug debivery system that often contains an adhesive backing that is usually
applied to an external site on the body, whereby the mgredients either passively diffuse
from, or are actively transported from, some portion of the patch, and whereby depending
upon the pateh, the ingredients arve either delivered to the outer swiface of the body o into
the body; and, other various fypes of wansdermal patches such as matnix, reservorr and

others known in the art,

{06679 As used heremn, the topical dosage form ncludes varicus dosage forms

form is generally for external application to the skin), lotion angmented {a loticn dosage
form that enhances drog delivery, whereby augmentation does not refer w the strength of
the drug in the dosage formy, gels {a semisolid dosage form that contains a gelling agent
to provide stiffness to a solution or a colloidal dispersion, whereby the gel may contam
suspended particles) and ointments (a senysolid dosage form, wsually containing  less
ihan 20% water and volatiles and greater than 30% hydrocarbons, waxes, or polyols as
the vehicle, wheveby this dosage form i3 generally for external application to the skin or

mucous membranes).
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0808} Ointment angeented {an ointment dosage form that enhances drug
delivery, whereby augmentation does not refer (0 the strength of the drug in the dosage
form)., creams {an emulsion, semisolid dosage form, usually containing greater than 20%
water and volatiles and/or less than 50% hydrocarbons, waxes, or polyols may also be
used as the velrcle, whereby this dosage form is geserally for external application (o the
skin or mucous membranes, Cream angmented (s cream dosage forn that enbances drug
debivery, whereby avgmentation does not refer o the strength of the drug W the dosage
form). emulsions (a desage form consisting of a two-phase system comprised of at least
two rnmiscible Hquids, one of which 1s dispersed as droplets, internal or dispersed phase,
within the other Hauid, exrernal or continuous phase, generally siabilized with one or
more emulsifying agents, wherehy emulsion s used as a dosage form terny unless a more
specific term 1S apphicable, e.g. cream, lotion, oiniment), suspensions (g liquid dosage
form that comtaing solid particles dispersed i a liguid vehicle), suspension extended
release, pastes {z sexisolid dosage form, containing a large proporiion, 20-50%, of solids
finely dispersed in a fatty vehicle, whereby this dosage form is generally for external
application to the skin or mucous membranes), solutions {a clear, homogencous liguid
dosage form that comtains one or more chemical substances dissolved i a solvent or

mixtare of muotnally miscible solvenis), and powders are also suiable.

{06081} Shampoos (s lotion dosage form which has a soap or detergemt that is
usually used to clean the hair and scalp) are often used as a vehicle for dermatologic
agents. For instance, shampon suspensions (2 lquid soap or detergent containing one or
more sofid, insoluble sabstances dispersed tn a bquid vehicle that 5 uged to clean the hair
and scalp and is often used as a vehicle for dermatologic agents) are often used. Aerosol
foams (Le., a dosage form containing one of MoTe active mgredients, surfactants, agueous
or nonaguecus liguids, and the propellamts; i the propellant is in the internal
discontingous phase, Le., of the od-in-water type, & stable foam iy discharged, and if the
propediant is in the external continuons phase, 1o, of the water-in-oil type, a spray or a
quick-breaking foam 15 discharged), sprays {z liquid minotely divided s by a jet of sir or
steam), meteved spray {a non-pressarized dosage form consisting of valves which allow
the dispensing of a specified quantity of spray upon each getivation), and suspension

spray fa liguid preparation contaming solid particles dispersed in a lguid vebicle and in
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the form of coarse droplets or as finely divided sodids to be applied locally, most usually

10 the nasal-pharyngeal tract, or topically to the skin} are also suiable.

fapo82] Jeilies (a class of gels, which are semisolid systems that consist of
suspensions made up of either small inorganic particles or large organic molecules
interpenetrated by a hiquid—m which the structural coheremt matrix contains a high
portion of liguid, usually water) and filkms (2 thin layer or coating), tnclading film
extended release (a drug delivery system in the form of a {ilny that releases the drug over
an extended period i such a way as to naintain constant drug levels i the blood or
target tssug) and film soluble {a thin layer or coating which is susceptible to being

dissolved when in contact with a Hquid) are also sullable.

{OHO83} Sponges {a porous, interlacing, absorbent material that contains a drug,
whereby it is typically used for applying or introducing medication, or for cleansing, and
whereby a sponge usnally retains its shape), swabs {a small piece of relatively flat
absorbent material that containg a drog, whereby a swab may also be attached to oneg end
of a saall stick, and whereby a swab s typically used for apphving medication or for

cleansing).

{96084} Patches (& drug delivery systern that often contatts an adhesive backing
that is usually applied t an external site on the body, whereby its ingredients either
passively diffie from, or are actively tansported from, some portion of the paich,
whereby depending wpon the paich, the mgredients are either delivered to the ourer
surface of the body or into the body, and whereby a patch is sometimes synonymous with
the terms “extended release film’ and ‘svstem’), paich extended release (a drog delivery
systemm 10 the form of & pateh that refesses the druy in such a manner that a reduction in
dosing frequency compared 1o that drug presented as a convenpional dosage form, eg., &
solution or a provopt drug-releasing, conventional solid dosage form), patch extended
refease elocironically controlled (a drug debivery system o the form of a patch which is
controlted by an electric current that releases the drag m such a manner that a reduction
in dosing freguency compared to that drog presented as a conventional dosage form, ¢.g.,

a solation or a prompt drug-releasing, conventional solid dosage form), and the ke, The



WO 2014/003849 PCT/US2013/031574

various topieal dosage forms may alse be formulated as impediate release, controtled

release, sustained release, or the like,

{08085] The topical dosage form composition containg an active pharmaceutical
ingredient and one or more inaciive pharmacestical ingredients such as excipients,
colorants, pigments, additives, fillers, emollients, surfactams {eg.. anionic, cationic,
amphoteric and nodionie), penewation enhancers (e.g, alcohols, fatty alcohols, fatty
acids, fatty actd esters and polvels), and the like. Various FDA-approved topical inactive
ingredients are found at the FDA'S “The Insctive Ingredients Darabase” that contams
inactive ingredients specifically imtended as such by the manufacturer, whereby inactive
mgredients can alse be considered active ingredients under certain cirvnmstances,
according to the defindiion of an active ingredient given in 21 CFR 210.3{b)(7}. Alcohol
is a good example of an ingredient that may be considered either active or inactive

depending on the product fornudation,
EXAMPLES

08086} The following examples gre presented for Wustrative purposes only, and
are not intended o Limit the svope of the present invention in any way. The examples
fthostrate that 2MD), an analog of 1 25(OHLD; orgially thought 1o be important in
prevention and wreatment of osteoporosis, IS alse important tn prevemting and treating
secondary hyperparathyroidism and Hs accompanving symptoms. A study conducted in
rats o which their kidnevs were surgically removed, showed that dady oral and
intraperitoneal (ip} 2MD  adninistration results in lower levels of sexww PTH,
phosphorus, and creatinine, all indicators of kidsey fathwe, ag compared to velicle
comrol animals. Furthennore, 2MD administration results in tower PTH, phospherus and

creatinine fevels at dose levels tuat do not raise serum calctun,

{0B087} Example |

[0B088] Marerials and Methods
FHOU8Y Nephrectomy Rat Model, Disease Indoction. Weanling, male Sprague-

Dawley rats were oblained from Havdan (Madison, Wis) Following & 10-13 day
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acclimation period, the animals had two-thirds of one kidney removed. After a week, the
other entive kidney was removed. The animals were then switched from a chow diet w a
purified rodent diet {Suda ef al, Puritied Rodent Diet-Diet 11) containing 0.6% Ca and
0.9% phosphorus and far sotuble vitamins A, D, E and K. Water and diet were provided

ad Bbitam.

{00090 Animal Husbandry. Andmals were housed 1n suspended, plastic shoe-box
style cages with corn cob badding (prior to surgery} or in stainless steel, wire-bottom
cages (approximately one week after surgery), The animal rooms were maintained at a
temperature of 68 1o 72 °F. and a relative humidity of 2§ to 75%. The holding rooms

were set to provide 12 hours of hghit per day.

{00091} Treatment Groups. Approximately four weeks after the second surgery,
amimals were assigned 0 treatment groups (14-15 animals/group) so that each group had

the same average PTH level.

{00092} Dose Preparation (Vehicle Formdation). The negative comrol material
was preparad by volumetrically measuring ethanol (5%%) and Neobee oil, mixing and then

placing in storage at 210 8 °C.

{00093 Dose Preparation {(2MD Formulanon). 2MD formulations (DPOGT, Signm
Aldrich Fine Chemicals, Madison, Wis) were prepared by first determining the
concentration of an ethanol stock solution wsmg UV spectrephotometry fextinction
poetliciont=42 000, law=2532 am) The solutions were then volumetrically added to
Neobes off so that there was no more than 5% ethano! in the final soletion. I necessary,
additional ethanol was added to bring the final sthanel ampunt 10 524, The solovon was

wved and stored at 2 10 8 °C.

{66654 Dose Administration Method. Both velicle and 2MD were administered
orally 1o the back of the tongue ar 0.5 mikg body weight once daily for & weeks, or

intraperitonesily three tmes per week for 4 weeks,

[00095) Serpmn Pavathyroid Hormone (PTH) Levels, By “serum PTH levels” we

mean the amount of PTH released by the parsthyroid gland, PTH is the most importam
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regulator of the body's caletum and phosphoras levels, and i3 controlled by the level of
caleipm in the blood. Low blood calcium levels cause increased PTH to be released,
while high blood calcium levels inhibit PTH release. Normal values are 10-35 picograms
per millititer {pe/mL). Four weeks after surgery and 4 and 8 weeks after meatment
mtiation, blood was collecied from the il artery and the conceniration of bioactive
serm PTH was measwed using the rat BivActive Intact PTH ELISA Kit from

Immutopics, Inc. {San Clemente, Califl)

[06696] Seram Calciom Anabesis. Fowr weeks following surgery and 4 and 8
weeks after treatment started, blood was collected from the wil artery of each
experimental snimal. The blood was allowed o coagualate at room temperatare and then
centrifnged at 3000xg for 15 mingtex. The serum was trensferred to a polypropylene mibe
and stored frozen at -20 °C. The level of calciwm was determined by diluting the seram
mto 0.1% lanthum chloride and measuring the absorbance on an atomic absorption

spectrophotometer {(Perkin Elmer Model 3110, Shehion, Comn ).

{0974 Phosphorus Assay. Four weeks after surgery and § weeks afier weatment
started, blood was collected from the twil anery of each experimental animal. The blood
was allowed to coagulate at room temperature and then centrifuged at 3000xp for 15
minutes. The seram was transferred to a polvpropylene tube and stored frozen at <20 °C.
The level of phosphoras was determined using a clinical analyzer (Pestra 400, Horiba

ABX Diagnostics--France; UV method using phosphomolybdate).

{00098} Cregtinine Assay. Measuring serum cregtining {evels 18 a usefol and
mexpensive method of evaluating venal dvshunction. Creatinine is a non-protein waste
product of phospbhowrestinine metabolism by skeletal muscle tissue.  Crestinine
production is coptinuoas and is proportional to muscle mass. Creatinine s freely filtered
and therefore the serum creatining level depends on the Glomerular Filiraton Rate
{GFR). Renagl dysfuncion dimindshes the ability o filter creatinine and the serum
creatinine vizes. I the serum creatining level doubles, the GFR iz considered o have been

halved. A threefold increase is considered to reflect a 75% loss of kidney function,

- 29134 -
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{00099} In the following examples, serum creatnine levels were evalnated four
weeks after surgery and 8 weeks after tremment stavted, Blood was collected from the tail
artery of each experimental snbmml The blood was allowsd to coagulate at room
temperature and then cenwrifuged ar 3000xg for 13 minutes. The serum was transferred to
a polypropylene tube and stored frozen at ~20 °C. The level of creatinine was determined
using & clinical analvzer (Pentra 400, Horiba ABX Diagnostios—France, Yaffe reaction)
and s indicative of ¥mpaired renal mction and chronic nephritis. In one embodiment of
the invention, & minimum decrease in serum creatinine levels of approximately 30% s

expected after treatment according 1o the method of the present invention.

{060106] Example 2
{00101} Uremic Rat model — Inwaperitonesl (ip) Adminstrmoin of 2ZMD
[006102] Figure 1 schematically illustrates the ip treatment protocol with 2MD. As

shown in Figwe 2, ip administration of 2MD at § ng/kg bw three tumes per week
prevented increases in serum PTH, and suppresses circulating PTH levels at 10 ngkg bw.
As shown in Figure 3, ip adonnssivation of 2MD did not raise seram calenum levels until

a dose of 10 ng'kg bw was administered.

{$60103] Example 3

{068104] Uremic Rat Model — Oral Admimsstzation of 2MIY compared o Zenaplar®
{0007 OS] Figure 4 schematically lustrates the oral wreatment protocn! with 2MD.

As shown in Figare 5 oral administration of 2MD at daity doses of 1-5 ng/kg bw
prevented an increase or effected a reduction in serwun PTH levels. The observed effect
lasted for sight weeky of therapy.  As shown m Flgure 6, oral adminisuation of
Femplar® at daily doses of 30-300 np/kg bw prevented an increase in serum PTH levels,
but the therapeutic effect was lost as the disease progressed. Figure 7 tllustrates that
when orally adminisiered clnically significant serom calcium increases are observed at
MDY doses of 5 npky bw. Figure 8 iltustrates that when ovally administered chinically
sigpificant serum calcinm increases are observed an Zemplar® doses of 106G and 300

ng'ke bw.

- 30134 -
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1000106} Ag shown in Figure 9, omal admimstration of 2MD ar daily doses of 1.3
ne/ky bw reduced serwm phosphorus levels in nephrectomized rats.  In contrast, oral
administration of Zemplar® did not reduce serum phospliorus levels in pephrectomized

rats.

{BO01G7) As shown in Figure 11, oral administration of 2MD at daily doses of 1-5
ngtkg bw resulted n lower serom creatining levels compared 1o Vehicle controd animals,
In contrast, oral administration of Zemplar® lowered serum creatinine levels conpared to
Vehicle control animals, however, only at dose levels that stgnificantly increased serum

caloium,
{00188] Example 4

{G00139] Phase 1B Trial ~ Oral Adnvnisiration of 2MB 1o Postimenopausal Women

{8001 16] Figore 13 illustzates the oral adimmistration of 2MI once daty for 28 days
to postmenopatusal women at g dose of | 10 nanograms {ng) reduced serum PTH levels by

2%, and a dose of 440 ng reduced senon PTH levels by 67%.

{0601 11} Interpretation of Data

006112} 2MD or Z-methvlene~19a10r-(205 -1 ¢ 2 5-dihydroxyvitamin Dy effectively
reduces secondary hyperparathyroidism in & rat model of renal fatture. Rats that have all
bat one sixth of their kidoey mass surgically removed, and are placed on a high
phosphorus diet will develop elevated FITH levels in the blood. Oral or intraperitoneat
administration of 2MD o g daily or 3 times per week regimen will reduce the circulating
tavels of PTH. In addition, 2MI has the added benefit of preventing further increases or
possibly reducing the levels of both phosphorus aud creatinine in the bleod. Furthermore,
2MD exhibits long-lasting effects in that rats weated orally for 8 weeks stifl show reduced
PTH levels; whereas, other viamin D compounds ose thelr effectiveness after 4 weeks

of treapment i this animal model.



CLAIMS
We claim:

1. Use of 2-methylene-19-nor-(20S)-1a,25-dihydroxyvitamin D3 or
pharmaceutically acceptable salts thereof in the manufacture of a medicament for treating
or preventing secondary hyperparathyroidism or the symptoms of secondary
hyperparathyroidism in a subject with established kidney failure without inducing

hypercalcemia in the subject.

2. The use of claim 1, wherein the 2-methylene-19-nor-(20S)-10,25-
dihydroxyvitamin D; is formulated in an oral, topical, transdermal, parenteral, injection or

infusion dosage form.

3. The use of claim 1, wherein the 2-methylene-19-nor-(20S)-1a,25-
dihydroxyvitamin Dj is formulated in a dose for administering about 20 ng/day to about 1

ug/day to the subject.

4, The use of claim 1, wherein the 2-methylene-19-nor-(20S)-1¢,25-
dihydroxyvitamin Ds is formulated in a dose for administering about 40 ng/day to about

600 ng/day to the subject.

5. The use of claim 1, wherein the 2-methylene-19-nor-(20S)-1¢,25-
dihydroxyvitamin Ds is formulated in a dose for administering about 600 ng/day to the

subject.

6. The use of claim 1, wherein the 2-methylene-19-nor-(20S)-10,25-
dihydroxyvitamin Ds is formulated in a dose for administering about 400 ng/day to the

subject.

7. The use of claim 1, wherein the subject is receiving hemodialysis

treatment.
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8. The use of claim 7, wherein the 2-methylene-19-nor-(20S)-1¢,25-
dihydroxyvitamin Ds is formulated in a dosage form for administering about three times

per week to the subject.

9. The use of claim 1, wherein the symptoms of secondary
hyperparathyroidism are selected from the group consisting of increased levels of serum

PTH, serum phosphorus and serum creatinine.
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