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USE OF 2-METHYLENE-19-NOR-(208)-1 0. 25-HHYDROXYVITAMIN D, TO
TREAT SECONDARY HYPERPARATHYROIDISM

BACKGROUND

{0001} This mvention relates t© viamun D compounds useful in treating andior
preventing secondary hyperparathyrotdismo andior the sympioms thereof, and more
particelarly to the use of the vitamin D conpound 2-methyvlene-19-nor-(208)-10,25-
dihydroxyvitamin D3 to treat and/or prevent secondary hyperparathyroidism and/or the

sviptoms thereof,

{002] Renal disease has become an increasingly important health problem in virtually
every country in the world mcluding highly developed countries such as the United
States. Presently there are about 230,000 patients on renal dialysis who have lost almost
complete use of their kidnevs. There are approximately ten times this number of patients
who have lost some degree of renal huction due 1o renal disease and are progressing to
complete renal failure. Renal fatlure is evidenced by a decreased glomeruli filtration rate
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{GFR) from a high value of 110 mimisute/1.73 m” to 30 mi/minute/1.73 m" where

dialysis is often initiated.

{0003} Many factors contribute to the development of renal disease. High blood pressure
is one of the sigmficant contributors, as 1 having Type T or Type I diabetes. Corvent
treatments for renal fatlore are limited to hemodialysis, an extremely expensive procedure
that currently is supported by federal governments because individuals typically cannot
afford this procedure on their own. The annual cost of renal disease in the United States
alone is over $42 billion. Accordingly, effective methods for preventing renal disease
and treating symptoms thereof would not only provide a major health benefit but would

also provide a major economic benefit.

{0004} It is now universally accepted that vitamin D must first be 23-hydroxylated in the
fiver and sobsequently lo-hydvoxylated in the kidoey before it can fanction.  {(See
Deluca, “Viamin D The vitamin and the hommone,” Fed. Proc. 33, 2211-2218, 1874).

These two reactions produce the final active form of vitamin D, namely 10 25-(OHRDy.
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{See Deluca & Schnoes, “Viamin 1: Recent advances,”™ Ann. Rev. Biochem. 52, 411~
439, 1983).  This compound then stimulates a number of physiological processes
including: stimulating the intestine to absorb calcium, stimulating the kidney to reabsorb
calcium, stimulating the intestine 1o absorb phosphate, and stimulating bone to mobilize
calchan when signaled by high parathvroid hormene (PTH) levels. These actions result
in a rise i plasma calcium and phosphorus levels that bring about the healing of bone
lesions such as rickets and osteomalacia and prevent the neurological disorder of

hypocalcenue tetany.

{0005] Secondary hyperparathyroidism 38 a universal complication i patients with
chronic renal failure.  Low levels of 1o 25{OHYD; and phosphate retention gre
responsible for the development of secondary hyperparathyroidism.  Low levels of
circulating 1o 25-(OHRD; are the result of impaired kidney function resulting i the
patient’s mability to convert 25-hydroxy-vitamin D to 1o 25-dihvdroxyvitanin Dy As a
result of low levels of circulating 1o 25-(OHY,D;, intestinal calcium absorption s
mammal which subsequently resulte in wsufficient seram calcrum levels.  When the
parathyroid glands sense a low level of serum calcrum, the parathyroid glands secrete
PTH which canses calcium to be mobihized from bone to regulate serum calciom. Left
unchecked, this abmormal secretion of PTH will lead 1o the development of renal
osteodystrophy. High PTH levels can also lead to: 1} weakening of the bones; 2
calciphylaxis {when calcium forms clumps i the skin and lead to ulcers and potentially
death of surrounding tissue); 3) cardiovascular complications; 4) abnormal fat and sugar

metabolism; 8} dching {pruritis); and 6) low blood counts (anenna).

{0006] 1o 25-dihydroxyvitamin Dy has  been used as  a  therapewtic  for
hyperparathyroidism in patients with renal diseases.  In the treatment of secondary
hyperparathyroidism  of renal osteodystrophy, u# i well known that 125
dibvdroxyvitamin Ds binds to the vitanun D receptor {VDR) located in the parathyroid
glands to suppress both growth and proliferation of the parathyroid cells and expression
of the preproparathyoid gene. (See Demay ef of | "Sequences in the human parathyroid
hormone gene that bind the 125-dihydroxyvitamin D receptor and mediate

transcriptional repression m response to 1,25-hydroxyvitanun D" Proc. Natl. Acad. Scu
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USA 89, 8097-8101,1992; and Darwish & Deluca, "ldentification of a transcription

Arch.

“®

factor that binds to the promoter region of the human parathyroid hormone gene,
Biochem. Biophys. 365, 123-130, 1999). Because of its ability to suppress parathyroid
hormone (PTH), 1.25-(OH):D: has been used with success in the treatment of secondary
hyperparathyroidism.  (See Slatopolsky ef @, "Marked Suppression of Secondary
Hyperparathyroidism by Intravenous Administration of 1,25-dihvdroxycholecalciferol in
Uremic Panemis,” I Chin. Iovest. 74:2136-2143, 1984).  The use of 1 25-
dibydroxyvitamin Iy in the treatment of secondary hyperparathyroadism of renal
osteodystrophy 15 often precluded, however, by the development of hypercalcemia
resulting from Lo 25-dihvdroxyvitamin 14's potent action on  infestinal  caleinm

absorption and bone minera! calctum mobilization.

j0087] As noted previously, secondary hyperparathyroidism typreally will occowr in
patients andergoing renal dialysis. Chronic renal failure is the most common canse of
secondary hyperparathvroidism. Failing kidneys do neot convert enough vitamin D to its
active form and do not adequately excrete phosphate. When this happens, msoluble
calcium phosphate forms m the body and removes calcrum from circulation. Ultimately,

this leads to hypocalcemia and secondary hyperparathyrowdism.

{0008] Secondary  hvperparathyroidism  also  can  resslt  from  gastrointesiinal
malabsorption syndromes {eg, chronic pancreatitis, small bowel disease, and
malabsorption-dependent bariatric surgery in which the intestines do not absorb vitamins
and minerals properly), where these syndromes may result in insufficient absorption of
the fat soluble vitamin D. When vitanun D is insufficiently gbsorbed, hypocalcemia may
develop and a subsequent increase v PTH secretion may result where the body attempts
to  increase  serum  calciwm  levels. However, hypocalcemia and  secondary
hyperparathyroidism also may appear in the carly stages of renal disease due to low
tevels of 1,25{0OH)D;. Other less common causes of secondary hyperparathyroidism are
long-term hthiom therapy, vitamin D deficiency, malnutoition, vitamin D-resistant

rickets, or hypermagnesemia ({.e., abnormally high blood magnesium levels).
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j0009] Symptoms of secondary hyperparathyroidism include increased levels of serum
PTH, serum phosphorus, and serom creatinine. Less overt symptoms include bone and
joint pain, bone defornities, broken bones {fractures), swollen jomnts, kidney stones,
mereased urination, muscle weakness and pain, nausea, and loss of appetite. Other less

commaon syraptoms mnclude fatigue, upper abdominal pain, and depression.

{00010} Treatment of secondary hyperparathyroidism typically mvolves addressing
the underlying cause of the hypocalcemia. In patients with chronic renal failure,
treatment consists of dietary restriction of phosphorus, supplements with an active form
of vitamin D such as calcitrio], Hectorol®, or Zemplar®{paricalcutol), and phosphate
binders which can be divided into calcium-based binders and non-calcium based binders.
A newer class of medication 1s calonmimeties, one of which 18 commercially available as
Sensipar®{cinacaleet) m the United States and Australia, and as Munpara® in the
Enropean Union. Calcimimetics have achieved positive responses and are FIXA approved
for use in patients on dialysis, but have not been approved for use i chronic kidney
disease pre~dialysis because, among other concerns, they can increase phosphorus levels.
Most patients wih hyperparathyroidism secondary to chrome kidney disease will

gree of residual

Ry

improve after renal fransplam, but many will continue to have a de
hyperparathyrowdism (fe., tertiary hyperparathyroidism) post-transplant with associated

risk of bone loss.

{00011} Although serum phosphorus is usually normal in patients with early renal
msufficiency, phosphate restriction can reduce secondary hyperparathyrowdism. Dietary
phosphate restriction incregses 1.25-(0OHRDy levels,  (See Portale er wl, "Effect of
Dhetary Phosphoras on Chreulating Concentrations of [ 28-dihedroxyvitanun 1) and
Immunoreactive Parathvroid Hormone in Children with Moderate Renal Insufficiency,”
1 Clin, lovest. 73 1580-1589, 1984). This in turn decreases PTH by directly suppressing
PTH gene transcription and by increasing intestinal calcium absorption. In later stages of
renal farture, the extent of hyperparathyroidism and 1,25-(OHY,D: deficiency increases,
and phosphate restriction has litle effect on 1 25<(OHRD: levels. {See Lopez-Hilker of

al., "Phosphorus Restriction Reverses Hyperparathyroidism m Uremis Independent of
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Changes in Caletum and Caleitriol” Am. L Physiol. 289:F432-F437 1990). This is

preswmably doe to the decreased renal mass available for 1 25-(0OHRD: synthesis.

jo0012] Several vitamin D analogs with low calcemic activity have heen found to
be nearly as effective as 1,25-(0OH:D; m suppressing PTH secretion by cultured bovine
parathyroid cells. These include 22-oxacalcitriol (OCT), {(Brown ¢ ol., "The Non-
Caleenmic Analog of Vitamin D, 22-oxacalcitniol {OCT) Suppresses Parathyroid Hormone
Synthesis and Secretion,” J. Clin. Invest. 84:728-732, 1989), as well as 1,25-(OH):-16-
ene-23-yne-Dy, 1.25-{OH),-24-dihomo-Ds, and 1 25-{0OH p-24-vihomo-22-ene-D;. 22-
oxacaleiriol has been examined m detald for this action i vivo. (See Brown ef af.,
"Selective Viamin D Analogs and their Therapeutic Applications,” Sem. Nephrol
14:156-174, 1994, reporting that 22-oxacalcitriol, despite #s rapid clearance in vhw,
could suppress PTH mRNAY Low, submaximal doses of calcitriol and OCT exhibited
comparable inhibition. OCT also has been shown to suppress serum PTH m nremic rats

and dogs.

{00013} Another analog of 1,25-(OH:D; with low calcemic and phosphatemic
action s 19-nor-1 25-{0H)D,. This analog of calcitriol has the carbon 28 and the double
bond at carbon 22 that are characteristic of vitamin D; compounds, bt it lacks carbon 19
and the exocyclic double bond found m gll natural vitamin D compounds.  Studies i
vigre utilizing a primary culture of bovine parathyroid cells demonstrated that 19-nor-
1,25-(0H1D: had a similar suppressive effect on PTH as 1,25-(0HRD:. A 52%
sappression on PTH release was obtamed with 19-nor-1,25-(OHRD; at 107M. There
was e significant ditference in the suppressive effect of PTH secretion between the two

compounds.

{a0814] Thereafter, preliminary studies were performed in vive to deternune the
calcemic activity of 19-nor-1 25«(OHRD:. It was found that 1 25-(OHRD: (10 ngfrat/10

days) increased serum calcium to the same magmtude as 19-nor-1.25-(0H;) Dy (100

=,

ng/rat'10 days). Because of this, three different doses of 1,25-{OHRD; (2, 4, and & ng)

and 19-nor-1 25-(0OHRD; (8, 25, and 75 ng) were selected for chronic studies. After two

months of renal msufficiency, the animals received the above two compounds at the three
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indicated doses, four times, during a period of eight days. As expected, 1, 25(0OHRD:
suppressed pre-pro-PTH mRNA and PTH secretion.  However, this decrease was
statistically significant only with a 8 ng dose, and this dose induced hypercalcemia and
hyperphosphatemia.  On the other hand, none of the doses of 19-nor-1,25-(OHRD:

produced statistically significant changes i serum tonized calcium or serum phosphorus.

{00015 19-nor-1a. 25(0H):D, 15 also known as Pancalcitol and {9-nor-1,25-
dihydroxy-ergocalciferol.  Paricalcitol myection 15 available conwmercially as Zemplar®
from Abbott Laboratories, Abbott Park, HlL A paricalcitol (Zemplar®) injection is
described 1 L1S, Pat. No. 6,136,799 and has been approved by the FDA and is marketed
for the prevention and treatment of secondary hyperparathyroidism associated with
chronic renal fatlure (CKD Stage 5 or end-stage renal disease (ESRD), GFR <15
mbL/min/1.73 m®). This intravenous formulation contains 2-10 micrograms/milliliter of
paricalcitol, 30% (viv} propylene glycol, 20% {v/v) ethanol and approximately 50% (v/v)
water, Studies indicate that paricalcitol mjection suppresses elevated levels of PTH with
mummal effect on serum calcium and phosphorus levels. Since ite approval by the FDA
in Aprit of 1998, 1t 1s estimated that approximately 200,000 patients have received at least

one dose of paricaloitol injection.  Chnically, the safety and efficacy of paricalcitol

mjection to treat secondary hyperparathyroidism are well established.

{00016} Hyperphosphatemia is also a persistent problem in ¢hropic hemodialysiy
patients and can be further agpravated by therapeutic doses of 1.25-(OHRD:  {(See
Deler ef ¢f., "Hyperphosphatemia: Its Consequences and Treatment in Patients with
Chronic Renal Disease,” Am. I Kudney Dis. 19:303-317, 1992, and Quarles ¢ al,
"Prospective  tnal  of Pulse Oral versas  Intravenous  Calctiniol Treatment  of
Hyperparathvrotdism in ESRD." Kidnev Int. 45:1710-1721, 1994). In addition, the
control of phosphate absorption with large doses of calenum carbonate only increases the
risk of hypercalcemua from 1 25-(OHLD: therapy. {See Mevyrier e ol "The Influence of
a High Calcium Carbonate Intake on Bone Disease in Patiemts undergoing
Hemodialysis," Kidney Int. 4:146-153, 1973, Morimere of gl, "Substitution of
Alpminure Hydrexide by High Doses of Calciun Carbonate in Patients on Clyonic

Hemodialysis:  Disappearance  of  Hyperalwmuinaemia and  Eqeal Control  of

- &34 -
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Hyperparathyrotdism,” Pree. Eur. Dial Transplant Assoc. 19784787, 1983 and
Slatopolsky er of., "Calcium Carbonate as a Phosphate Binder in Patients with Chronic
Renal Failure Undergoing Dialysis," New Engl I Med. 315:157-161, 1986}, Thus, an
analog of 1 25-(OHRD: 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.

00817} Another vitamin I aoalog, namely, Z-methylene-19-nor<{(208)- 10,25~
dihydroxyvitamin Dy {referred 10 tn the htergture as "2MD"™) is also known to suppress
PTH production.  {See UL.S. Published Application No. 201170034426A1). Although it
would therefore appear to be a candidate for treating secondary hyperparathyroidism, it s
atso well known from U8, Patent No. 5,843,928 that 2MD has very potent calcemic
activity, 2MD significantly increases bone caleinm mobilization activity to a level hikely
to be 10-100 tunes that of 10, 25-(0H)D; while also exhibiting a modest increase in
mtestinal calcium transport activity.  Due to this highly selective activity for the
mobiiization of calcium from bone, the compound 2MD was never seriously considered

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

{00018} 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 sabject in
need thereof. It also now been discovered that the vitaniin D analog 2MD has the ability
to prevent secondary hyperparathyrowdism as well as symptoms of secondary
hyperparathyroidism when administered under well<controlled conditions to a subject in

need therenf

00019 In one embodiment, the present mvention provides a novel method of
treating secondary hyperparathyroidism by administering a therapeutically effective
amount of a composition comprising 2-methylene-19-nor-(205)- 1, 25-dihvdroxyvitanun

D2 (2MD) or pharmaceutically acceptable salts thereof as the active agent to a subject
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exhibiting symptoms of secondary hyperparathyroidism, without inducing hypercalcemia

in the subject,

{00620} In another embodiment, the present nvention provides a novel method of
treating symptoms of secondary hyperparathyrowdism by admmistering a therapeutically
effective amount of a composition compusing 2-methvlene-19-nor-(205)-1¢,25-
dibvroxyvitarnin Dy (2MID) or pharmaceatically acceptable salts thereof as the active
agent to a subject exhibiting symptoms of secondary hyperparsthyroidism, without

inducing hypercalcerma o the subject.

{00021} In vet another embodiment, the present invention provides a novel method
of preventing secondary hyperparathyroidism by administering a therapentically effective
amount of a composition comprising 2-methylene-19-nor-{208)- 10, 25-dihvdroxyvitanin
D2 (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.

{06022} In sull another embodiment, the present mvention provides a novel
method of preventing symptoms of secomdary hyperparathyroidism by administering a
therapentically effective amount of a composition comprising of 2-methylene-19-nor-
{208)- 10, 25-dihvdroxyvitamin D (2MD) or pharmacentically acceptable salts thereof as
the active agent to a subject at risk of developing secondary hyperparathyroidism,

without inducing hvpercalcenua m the subject.

&~

{06023 In one embodiment, the 2-methylene-19-00r-(208)-10.25~
dihvdroxyvitamin Ds is formulated in an oral, topical, wransdermal, parenteral, injectable
or infusable form to be admimstered m amounts ranging from 10 ngiday to about 1
pgiday. 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 s administered etther orally or parenterally G.v.}. The dose may be
property selected i accordance with the specific route of admimstration. Suitable doses

may include doses within the range of about 10 ng to about 1 ug per day. Preferably a
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dose 15 admmistered three times per week either intravenously or orally to subjects

recetving hemodialysis tfreatment,
BRIEF DESCRIPTION OF THE DRAWINGS

{00024} Figure 1 schematicglly tHusirates the intraperitoneal treatment protocol

with 2MD contemplated herein.

{00025] Figare 2 is a graph illusirating the effect of intraperitoneal administration

of 2MD at various doses o serum PTH in g wrende rat model.

{00026} Figure 3 is a waph illustrating the effect of intraperitoneal administration

of 2MD at variogs doses on serum calcium i 4 wremic rat model

{06027} Figure 4 schenwatically llusteates the oral treatment protocol with 2MD

contemplated herem.

{00028} Figare 5 is 8 graph llustrating the effect of oral admimistration of 2MD at

vartous doses on serum PTH in & wemic rat model

{00029} Figare 6 s a graph tllustrating the effect of oral adnunistration of 1%-nor-
T, 25-dihdroxyvitamin Dy (marketed ander the tradename Zemplar®s) at various doses on

serum PTH in a uremie rat model.

{00830} Figure 7 is a graph tHustrating the effect of oral adoumistration of 2MD at

Fad

various doses on serum calcium in a wrenuc rat model

{00031} Figure § is a graph illustrating the effect of oral administration of 19-nor-
Lo, 25-dihydroxyvimtm D; {marketed under the tradename Zemplar®) at various doses on

serum PTH in a oremic rat model.

{00032} Figure @ s a graph dlustrating the effect of oral administration of 2MD at

varions doses on serum phosphorus m a wemic rat model.

- 934 -
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{00833} Figure 10 i3 a graph lustrating the effect of oral administration of {9-nor-
Ta,25-dihydroxyvimtin D; {marketed under the tradename Zemplar®) at various doses on

serum phosphorus in a uremic rat model.

{00034} Figure 11 1s a graph iflustrating the effect of oral administration of 2MD at

various doses on serum creatinine in a yremie rat model.

{06035 Figure 12 is a praph tHlustrating the effect of orgl admustration of 19-nor-
Te, 25-dihvdroxyvimtin Dy {marketed under the tradename Zemplar®) at vanious doses on

sergin creatinine in a yremic rat model

{00036} Figure 13 is a graph tlustrating the effect of oral administration of 2MD at

arious doses on serum PTH 10 g Phase 1B hwman trial of postmenopausal women.
DETAILED DESCRIPTION

{00037} Disclosed are methods of weating andfor preventing  secondary
hyperparathyrowdism or the syvmptoms thereof.  The disclosed nmethods further may

described as follows based on the following definitions.

{00038} Unless defined otherwise, all technical and scientific terms used herem
have the same meanings as commonly understood by one of ordinary skill i the ant to
which this invention belongs. All publications and patents specifically mentioned herein
are incorporated by reference v their entirety for all purposes including describing and
disclosing the chemicals, instruments, statistical analyses and methodologies which are
reported in the publications which might be used v connection with the invention. All
references cited 1w this specification are to be taken as indicative of the level of skill in
the art.  Nothing herein is o be construed as an adnussion that the invention is not

entitled to antedate such disclosure by virtue or prior invention,

{00039 In the specification and in the clamms, the terms "including” and
"comprising” are open-ended terms and should be interpreted to mean "including, but not

fimited 10.” These terms encompass the more restrictive terms "consisting essentially of”

- W34 -
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and “consisting of " It i3 also to be noted that the terms "comprising,” “including,”

2

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

1t

{00040} As used heretn and in the appended claims, the singular forms "a" "an"
and "the" mclade plural reference unless the context clearly dictates otherwise. As well,
the terms "a" {or "an"}, "one or more" and "af least one” can be used mterchangeably

herem.

{00041} Where a range of values is provided, #1s understood that each intervening
value, and any combination or subcombination of mtervening values, between the upper
and lower himit of that range and any other stated or intervening value in that stated

range, is encompassed within the range of values recited.

{06042} Certain ranges are presented herem with numerical values being preceded
by the teom “about”™ The term “abowt” is used herein to provide literal support for the
exact number that it precedes, as well as a number that 15 near to or approximately the
number that the term precedes. In detenmining whether a number is near w0 or
approximately a specifically recited number, the sear or approximating pnrecited nomber
may be a number which, in the context in which i is presented, provides the substantial
equivalent of the specifically recited number, and thus will typically refer to a nymber or

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

{00043} The disclosed methods may be ntilized to treat and/or prevent secondary
hyperthyrowdism in g patient i need thereofl A patient i need thereof may include, but
is not Hovied to, a patient having or at risk for developing secondary hyperthyroidism
subsequent to a renal disease or disorder. A patient in need thereof may include, but is
not {imited to, a patient baving or at risk for developing secondary hyperthyroidism
subsequent to renal osteodystrophy, for example, due to renal failure. A patient in need
thereof may nclude a patient undergoing renal dialysis. A patient in need thereot may
include, but is not bmited to, a patient having or at risk for developing secondary
hyperthyrotdism as a result of a gastrointestingl malabsorption syndromes {e.g., chronic
pancreatitis, small bowel disease, and malabsorption-dependent barjatric surgery in

wiiich the mtestines do not absorb vitamvins and minerals properly). A patient in need
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thereof may inclade, but s not limited Yo, a patient having or at risk for developing
secondary hyperthyroidism as a result of a long-term hthium therapy, vitammm D
defictency, malnutrition, vitamin D-resistant rickets, or hypermagnesemia {(ie.,

abnormally high blood magnesium levels).

{00044} The disclosed methods may be utilized to treat andior prevent the
symptoms of secondary hvperthyroidism m a pabient in need thereof. Symptoms of
secondary hvperthyroidism treated andfor prevented by the disclosed methods may
include, but are not himited to; weakening of the bones; calciphylaxis (when calciom
forms clumps in the skin and lead o ulcers and potentially death of surrounding tissue):
cardiovascular compheations; abnormal fat and sugar metabohsm; Hehing (proritis); and
fow blood counts (anenwa).  Other svmptoms of secondary hyperthyrowdism treated
and/or prevented by the disclosed methods may include: increased levels of serum PTH,
serum  phosphorus, and  seram  creatinine. Forther symptoms of secondary
hyperthyroidism treated and/or prevented by the disclosed methods may include: bone
and joint paim, bone deformities, broken bones {fractures), swollen joints, kidney stones,
increased unnation, muscle weakness and pain, nausea, and loss of appetite. Even further
symptoms of secondary hyperthyroidism treated andior prevented by the disclosed

methods may mclude: fatigue, upper abdomimal pain, and depression.

{00045 Previously, it has been demonstrated that 300 ng per dav of 1g,25-
dibydroxyvitamin Ds (1,25(0H:Dy) adminisiered through the diet can eftectively prevemt
renal disease and renal farlare by reducing the symptoms of renal disease. (See James
Wonkee Kim. Effects of 1o,25-dihydroxyvitamin D: on the MRL/Mpl-fasipr model of
systemie lupus ervthematosus (Phd). Thesis, University of Wisconsin-Madison (2009)).
For nstance, it has been previously shown that administering 10.25-dihydroxyvitamin Dy
(1.25(0H1RDy) completely prevents proteinuria in the MRLMpI-FAS™ (MRL/pr)
mouse model of systemic lupus eryvthematosus (SLE})  (See id). However, severe
hypercalcemia always accompanied this treatment. Hypercalcemia {(2.¢., increased levels
of calcium in the blood} can result in serious physical problems, including death.
Specifically, an increase i calcium of approximately 2 mu/100 mi is considered nuld

hypercalcenmia and is not considered a problem. However, an increase i calcium levels
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of more than 2 mg/ 100 mi is considered severe hypercalcemia and can cause caleification
of the kidney, heart, and aorta. Clearly, the use of this compound is not optimal to treat
or prevent secondary hyperparathyroidism, or the symptoms thereof, because of the

resultant hvpercalcenua.

{00046} 2-methyviene-19-nor-(205)- 10, 25-dihydroxyvitamin - Dy 2MD) 18 an
analog of 1,25(0OH)2Dx which has been shown {o have increased in vive potency toward
bone but sot on intestinal calcium absorption, The overall syuthesis of 2MD is illustrated
and described more completely in US. Pat. No. 5843928, issued Dec. 1, 1998, and
entitled "2-Alkvlidene-19-Nor-Vitamin D Compounds" the specification of which is
specifically incorporated heretn by reference.  The biclogical activity of 2MD s also
reported in 118, Patent No. 5,843 928 and 1o Shevde of o, “A Potent Analog of 1o 25-
dihydroxyvitamin D; Selectively Induces Bone Formation” PNAS, Vol 99, No. 21 pp

1348713491 {2002), both of which are specifically incorporated herein by reference.

{00047} In the methods disclosed hevem, IMID can be administered to treat andfor
prevent secondary hyperparathyroidism andfor s accompanying symptoms without
cansing severe hypercalcemia, while also resulting in reduced levels of phosphoras and

creatinine 16 blood as well as decreased PTH levels in the blood.

[00048] Also in the methods disclosed herein, 2MID can be used to treat and reduce
the severity of secondary hyperparathyrowdism of renal discase and its accompanying
syraptoms, without causing severe hypercalcenna, by reducing phosphorus, creatinine

and PTH levels in blood,

{00049 As used heretn, “hypercalcemia” means elevated calcium levels in the
blood of more than 2 mg/100ml. In a normal subject, calcium levels are approximately
9-10.5 mg/dL or 2.2-2.6 mmoVL. In cases of severe hypercalcemia {(i.¢., calcium levels

above 15-16 mg/dL or 3.75-4 mmol/L) coma and cardiac arrest can develop.

{00050} The present tnvention therefore provides novel methods of treating andfor
preventing secondary hvperparathvroidism andfor its accompanying symptoms in a

subject at risk of developing secondary hyperparathyroidism, and of treating andior
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preventing secondary hyperparathyroidism andfor s accompanying symptoms i a
subject exhibiting symptoms of secondary hyperparathyroidism, by administering to the
subject a therapeutically effective amount of 2-methylene-19-00r-(208)-10,25-
dihvdroxyvitamin Dy (3MD) or pharmaceutically accepiable salts thereof without

mducing hypercalcemia i the subject, where 2MD has the structure (I}

{00051} As used herein, “preventing” means forestalling of a clinical symptom
indicative of secondary hyperparathvrotdism.  Sach forestalling welndes, for example,
the mamienance of normal kidney functions in a sabject at risk of developing secondary
hyperparathyroidism prior to the development of overt symptoms of secondary
hyperparathyroidism inchuding, but not lmited to, increased levels of serum PTH,
phosphorus and creatinine.  Therefore, the term "proventing” wcludes the prophvlactic
treatment  of  subjects 1o guard them from  the occurrence of  secondary
byperparathyroidism.  Preventing secondary hyperparathyroidism i a subject is also

mtended  to include  inhibiting  or  arvesting  the  development  of  secondary
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hyperparathyroidism. Inhibiting or aresting the development of  secondary
hyperparathyroidism includes, for example, inhibiting or arresting the occurrence of

increased levels of serum PTH, phosphorus and creatinine.

{00652 As used heremn, 8 “renal disease” or a “renal dicorder”™ means a condition
exhibiting impaired kidney function in a subject who is not on dialvsis or a patient with
chronic kidney disease (CKI} at stages 2 or 3, such as, for instance, acute kidney farlore,
acute nephritic syndrome, analgesic nephropathy, atheroembloic renal disease, chronic
kidney fatture, chronic nephritis, congenital nephrotic svadrome, goodpastare syndrome,
mterstitial nephaitis, kidney cancer, kidney damage, kidney infection, kidney injury,
kidney stones, membranoproliferative GNI, membranoprohferative GNII, membranons
aephropathy, munimal change disease, necrotizing glomeralonephrits, nephroblastoma,
nephrocalemosis, nephrogenic diabetes insipidus, nephropathy-IgA, nephrosis nephrotic
syadrome, polycystic kidney disease, post-strepococcal OGN, reflux nephropathy, renal
artery embolism, renal artery stenosis, renal disorders, renal papillary necrosis, renal
tubular acidosis type [, renal tobular acidosis tvpe I, renal underperfusion, renal vein

thrombosis.

{00053 "Renal disease” is also meant to nclude patients with established kidney
failuwre ez, a glomerular filtration rate (GFR) of less than 15 mb/min'l.73 w’ or
permanent repal replacement therapy (RRT)). A subject baving “renal disease™ is meant
to nclude a subject who has had kidney damage for more than 3 months, as defined by
structural or functional abnormalities of the kidnev, with or without decreased GFR,
magnifested by either pathological sbnormahities or markers of kidney damage, including
abnormalities m the composition of the blood or unise, or abnormalities i imaging tests.
Markers of kidney damage include proteinuria of greater than 300 pgfday as measured by
24-HR excretion method, {See Table 15, Am. I of Kidney Diseases, v.39, no. 2, Suppl. 1
{Feb. 2002), pp. 346~573, incorporated herein by reference). This definition may mclude

patients on dialysis.

{00054} As used herein, a patient baving “stage 2 chronic kidney disease (CKD)Y”

means a patient exhibiing a nuld reduction in GFR {(60-89 mi/mun/1.73 w). Kidney
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damage is defined as pathologic abmormalities or markers of damage, mcluding

©

abnormalities in blood or urine test or ymaging studies. A patient having “stage 3 chronic

kidney disease (CKID)” means a patient exhibiting & moderate reduction in GFR {30-39

=
,!

mL/min/1.73 m").  Guidelines for characterizing kidney disease may distinguish between
stage 3A (GFR 45-39) and stage 3B {(GFR 30-44} for purposes of screening and referval.
For more information about stages of kidney disease, see Am. I of Kidanev Disease, V.

39, No. 2, Sappl. 1, Febroary 2002 incorporated herein by reference.

{00055 As used heremn, a “subject” mclodes mammals and non-mammals.
"Mammals" means any member of the class Mammalia mchuding, but not linited to,
humans, non-human primates such as chimpanzees and other apes and monkey species;
farmy anumals soch as cattle, horses, sheep, goats, and swine; domestic ammals such ag
rabbits, dogs, and cats; laboratory animals mchuding rodents, such as rats, mice, and
guinea pigs; and the hke. Examples of non-mammals include, but are not limited to,
birds, and the like. The term “subject” does not dencte a particular age or sex. The
primary subjects to which the present invention is directed are the class of humans being
treated with, or receiving, hemodialysis. The term “subject”™ may be utilized herein

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

{00056] As used herein, “administering” mean introducing & compound into the
body, preferably into the systemic circnlation, as described in more detail below.
Examples include but are not Hmited to oral, topical, buccal, sublingual, pulmonary,
transdermal, transmuocosal, as well as subcutanecus, ntraperitoneal, intravenous, and

inramuscular injection or in the form of lguid or selid doses via the alimentary canal.

j00B57] As used herem, “therapeutically effect” means an amount of a compound
that, when administered 10 a subject for tregting or preventing a disease, is safficient to
effect such treatment of prevention of the disease. A “therapeuntically effective amount”
will vary depending on the compound, the disease state being treated, the sevenity or the
disease treated, the age and relative health of the subject, the route and form of
administration, the judgment of the attending medical or veterinary practitioner, and other

factors. As disclosed herein, male weanling Harlan-Sprague Dawley sats  were
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administered several dose levels of 2MD that would not cause significant hypercalcemia.
We found that 2 172 nanograms/kilogram body weight (ng/kg bw) of 2MD per rat per day
is sufficient to prevent and treat secondary hyperparathyroidism, or to prevent or treat
svmptoms of secondary hyperparathvroidism, without mmcreasing serum calciom levels.
Farthermore, 400 ng per day of 2MD i postmenopansal women showed over a 60%
reduction in serum PTH fevels while maintaining seram calcium levels within the

physiologically normal range (Figure 13).

{00058 In one embodiment, the therapeutically effective amount ranges from
between about 10 ngiday o abowt 1 pg/day, and preferably from between about 20
ngfday to about | yg'day. In @ more preferred embodiment, the therapentically effective
amownt ranges from between about 40 ng/day to about 600 ng/day, or between about 30
ng/dav to about 600ng/day. In the most preferred embodiment, the therapeutically

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

{00059 As used heremn, “treal,” “treating” or “reatment” mweans amehoration,
alleviation or abation of a clinical sympiom indicative of secondary hyperparathyroidism.
Amehoration, alleviation or abation of a clinical symptom nclades, for example,
arresting, reducing the severity of or slowing the progression of or causing the regression
of a symptom of secondary hyperparathyrowdism, For instance, lowering the amount of
serum PTH, serum phosphorus or serum creatinine fevels I response to treatment with
2MD. Specifically, weating may mnchude reducing the amount of serum PTH, serum
phosphorus or serum creatinine by at least aboot 20%.  In one embodiment, the amount
of serum PTH, seram phosphorus or serumn creatinine in the subject’s blood s reduced by
about 20-40% or about 35-30%. Other pathological conditions, chrome comphcations or
phenotypic manifestations of secondary hvperparathyroidisar are known to those skilled
i the art and can simidarly be wused as a measure of treating secondary
hyperparathyroidism so long as there is a reduction in the seventy of the condition,

complication or manifestation associated with the disease.

{00060 Effective compound formulations are described in U.S. Pat. No. 5,843 928

and include pharmaceutical apphications as a solation in innocuous solvents, or as an
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emulsion, suspension or dispersion in suitable solvents or carriers, or as pills, tablets,
capsules combmed with sohd camiers. Other formulabions may also include other
phanmaceutically acceptable and nontoxic excipients such as stabilizers, anti-oxidants,
binders, coloring agents or emulsifving or taste-modifying agents and extended release

formulations.

{00861} In one embodiment, the 2MD compound i3 the active pharmaceuntical
ingredient (AP adounistered in the disclosed methods. The API may be fornulated n
an oral pharmaceutical dosage form as a solution in innocuous solvents, emulsion,
suspension or dispersion in suitable solvents or carrters. The API may also be formulated
m various oral dosage forms, soch as pills, iablets or capsules using suitable
pharmacentical solid carriers. Such pharmaceutical formunlations may alse contam other
pharmaceutically  suitable USP-approved mactive ingredients, excipients, such as
stabilizers, anti-oxidants, binders, coloring agents, emulsifiers, and/or taste~modifying

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

{00062} The APl wmwy be administered orally, topically, paventerally or
transdermally or by inhalation. The compound may be administered by injection or
intravenous infusion using suitable sterile solutions. Topical dosage forms may be
creams, omtments, patches, or stnular vebicles suitable for transdernial and topical

dosage forms.

[00063] In some embodiments, the APl may be formulated in doses for delivering
a dose ranging from between about 10ng/day 10 about 1 pg/day, preferable from between
about 20 ng/day 1o about 1ugidav, and more preferably from between about 40 ng/day to
about 600 ng/day, or from between about 30 ng to gbout 600 ng per day and most
preferably from between about 100 ng/day to abowt 400 ngiday. The API preferably is
formutated v a dose that may be used for the prevention or treatment of secondary
hyperparathyroidism, or for the prevention or treatment of svmptoms of secondary
hyperparathyroidism. Typically, the positive effects of 2MD are observed at dose levels

that do not significantly raise serum calctum. Such dose and dosing regimens may be
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adjusted to acconunodate disease severity or progression, patient predisposition/at-

risk/susceptible~-to and other known critenia.

{00864} The pharmaceutically suitable oral carrier systems (also referred to as drug
debivery systems, which are modemn technology, distributed with or as a part of a drug
product that allows for the uniform release or targeting or drugs to the bodv) preferably
mclade FDA-approved andfor USP-approved inactive imgredients. Under 21 CFR
210.3(b)&), an inactive mgredient is any componeni of a drug product miended to
furnish pharmaceutical activity or other direct effect w the diagnosis, or to affect the
structure or any function of the body of humans or other animal. Active ingredients
mclude those components of the product that may undergo chemical change during the
manufacture of the drug product and be present i the drug product i a modified form
intended to furnish the specified activity or effect. As use herein, a kit (also referved to as

a dosage form) 13 a packaged collection of related material.

[00865] As used herein, “oral dosage” forms may mclude capsules (L., 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 fit together and which are sometimes sealed
with a band, and whereby capsule shells may be made from gelatin, starch, or cellulose,
or other saitable materials, may be soft or hard, and are filled with a solid or ligoid
ingredients that can be poured or squeezed. The oral dosage form may also be a capsule
or coated pellets, in which the drug is enclosed within either a hard or soft soluble
contatner o “shell” made from a suitable form of gelatin. The drug itself may be m the
form of granules 1o which varying amounnt of coating have been apphied or m a capsule
coated extended release, in which the drog 13 enclosed within erther a hard or soft soluble
container or “sheil” made from a suitable form of gelatin. Additionally, the capsule may
be covered 1 a designated coating which releases a drug or drugs in such a maanner to
allow at least a reduction in dosing frequency as compared to that drug or drugs presented

as a conventional dosage form.

000066} The oral dosage form may further be a capsule delaved release, in which

the drag 1s enclosed within etther a hard or soft soluble container made from a suable
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form of gelatin, and which releases a druyg {or dregs) ot a time other than promptly after
admimistration, whereby enteric-coated articles are delaved release dosage forms. Capsule
delaved release pellets, in which the drug s enclosed within etther a hard or soft
container or “shell” are also useful. In these cases, the drug uself is in the form of
granules to which enteric coating has been applied, thus delaying release of the drug until

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

release are also useful

{00067} Additionally, the capsule s covered in g designated film cogting, and
which refeases a drug or drugs i such a manner to allow at least a reduction in dosing
frequency as compared to that drug or drugs presented as a conventional dosage form),
capsule gelatin coated (a sohid dosage form in which the drog is enclosed within exther a
hard or soft soluble comtainer made from a suitable form of gelatin; through g banding
process, the capsule 13 coated with additional layers of gelatin so as to forny a complete
seal), capsule liquid filled {a solid dosage form in which the drag is enclosed within a
soluble, gelatin shell which is plasticized by the addition of a polyol, such as sorbitol or

glveern, and is therefore of a somewhat thicker consistency than that of a hard shell

capsule}.
j00068] Typically, the sctive mgredients may be dissolved or suspended w a liguid

vehicle, a granule {a small particle or grain), a pellet {a small sterile solid mass consisting
of a highly purified drag, 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 itself 18 i the form of pranvles to which varving amounts of coating
have been applied, and which releases a drug or drugs in such a manner o allow 3
reduction in dosing frequency as compared to that drug or drugs presented as a

conventional dosage form).

{00669} Other forms include pills {a small, round solid dosage form containing a
medicinal agent intended for oral adomnistration), powder (an intimate mixture of dry,
finely divided drugs and/or chemicals that may be imtended for internal or external use),

elixir {a clear, pleasantly flavored, sweetened hydroalcoholic liqumd containing dissolved
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muedicinal agents; it 15 intended for oral use), chewing gum (a sweetened and flavored
insoluble plastic matertal of varions shapes which when chewed, releases a drug
substance into the oral cavity}, syrup {an oral solution confaining high concentrations of
sucrose or other sugars; the term has also been used to mclude any other liguid dosage
form prepared in a sweet and viscid vehiele, meluding oral suspensions), tablet {a sohid
dosage form contrining medicinal substances with or without suitable diluents), tablet
chewable {a solid dosage fonm containing medicinal substances with or without suitable
diluents that is intended to be chewed, preducing a pleasant tasting residue m the oral
cavity that is casily swallowed and does not feave & bitter or onpleasant after-taste), tablet
coated or tablet delaved release, tablet dispersible, tablet effervescent, tablet extended
release, tablet film coated, or tablet film coated extended release where the tablet is
formulated in sach manner as to make the contained medicament available over an

extended pertod of thne following mgestion,

{00070] In other forms, a tablet for solution, tablet for suspension, tablet
multilayer. tablet multilayer extended release may be provided, where the tablet is
formulated m such manner as to allow at least a reduction wn dosing frequency as
compared to that drug presented as a conventional dosage form. A tablet orally
disintegrating, tablet orally disintegrating delaved release, tablet soluble, tablet sugar

coated, osmotic, and the like are also suitable,

{06071} The oral dosage form composition may contain an active pharmaceutical
mgredient and one or more inactive pharmaceatical ingredients such as diluents,
solubilizers, alcohols, binders, controlled release polymers, enmteric  polymers,
disintegrants, excipients, colorants, flavorants, sweeteners, antioxidants, preservatives,
pigments, additives, fillers, suspension agents, surfactants {e.g., anionic, <ailonic,
amphoteric and nonionic), and the lke. Various FDA-approved topical imactive
ingredients are found at the FDA's “The Inactive Ingredients Database™ that contains
inactive ingredients specifically mtended as such by the manufactorer, whereby inactive
mgredients can also be considered active ingredients under cerfain circumstances,

according to the definition of an active mgredient given m 21 CFR 210.3(b)(7). Alcohol
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is a good example of an ingredient that may be considered either active or inactive

depending on the product formulation.

{00672} As used herein, the injectable and wifuston dosage forms include, but are
not limited {o, a hposomal injectable, which either consists of or forms liposomes {a hipid
bilaver vesicle usually composed of phospholipids which 15 used to eacapsulate an active
drug substance}. An injection, which includes a stertle preparation intended for parenteral
use; five distinct classes of injections exist as defined by the USP, is also suitable. An
emulsion injection, which tncludes an enwlsion consisting of a sterile, pyrogen-free

preparation intended 1o be adounistered parenterally or a lipid complex injection are also

suitable.
{00073} Other forms include a powder for solution njection, which is a sterile

preparation mtended for reconstitution to form a solution for parenteral use; a powder for
suspension injection that is a sterie preparation intended for reconstitution to form a
suspension for parenteral use; a powder lvophilized for liposomal suspension injection,
which is a stende fresze dried preparation miended for reconstitution for parenteral use
which has been formulated tn a maoner that would allow hposomes {a hpd bilaver
vesicle usually composed of phospholipids which s used to encapsulate an active drug
substance, either within a lipid bilayer or in an aqueous space} to be formed upon
reconstitution; a powder ivophilized for solution mjection, which is a dosage form
mteaded for the solution preparved by lyophilization {(“freeze drying™), a process which
mvolves the removal of water from products i the frozen state at extremely low

Pressures,

{08074 This 15 intended for subsequent addition of liguid to create a solution that
conforms v all respects to the reguirements for mjections; a powder lyophibzed for
suspension injection being a lquid preparation, intended for parenteral use that containg
solids suspended in a suitable fluid mediom and conforms in all respects to the
requirements for Sterile Suspensions; the medicinal agents intended for the suspension
are prepared by Ivophilization (“freeze drying™), a process which mvolves the removal of

water from prodacts m the frozen state af extremely low pressures; a solation mjection
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being a Hquid preparation containing one or more drug substances dissolved in a suitable
solvent or mixture of mutually miscible solvents that 1s soitable for injection; a solution
concentrate injection being a sterile preparation for parenteral use which, upon the
addition of suitable solvents, vields a solution conforming in all respects to the

requirements for ijections.

{00675 A suspension mjection comprises a liquid preparation, suitable for
injection, which consists of solid particles dispersed throughout a liquid phase in which
the particles are not soluble that can also consist of gn oil phase dispersed thronghout an
aqueous phase, or vice-versa. A suspension Hposomal injection comprises a liquid
preparation, suitable for ijection, which consists of an ofl phase dispersed throughout an
agieous phase in sach a manner that liposomes {8 lipid bilaver vesicle usoally composed
of phospholipids which is used to encapsulate an active drug substance, either within a
lipid bilayer or in an aqueous space} are formed. A suspension sonicated njection
comprises a hquid preparation, suitable for injection, which consists of solid particles
dispersed throaghout a lignid phase 1o 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 microspheres by the solid particles.

{00076} The parenteral carrter svstewn includes one or more pharmaceutically

suitable excipients, such as solvents and co-solvents, solubilizing agents, wetiing agents,

suspending agents, thickening agents, emulsifying agents, chelating agents, buffers, pH
adjusters, antioxidants, reducing agents, antimicrobial preservatives, bulking agents,
protectants, tonicity adjusters, and special additives. Formulations suttable for parenteral
admumistration convenently comprise a sterile otly or agueous preparation of the active

mgredient which is preferably isotonic with the blood of the recipient.

{00077} As used herein, inhalation dosage forms include, but are not lunited to,
acrosol bemng a product that is packaged under pressure and contains therapeutically
active ingredients that are released upon activation of an appropriate valve system
intended for topical application to the skin as well as local application into the nose (nasal

aerosols), mouth (Bngual and sublingual aerosols), or tungs (inhalation aerosols); foam
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aerosol being a dosage form contaming one of mowe active ingredients, surfactants,
agueous or nonaquecus hiquids, and the propeliants, whereby if the propellant 15 in the
mnternal (discontinaous) phase {1.e., of the oil-in-water type), a stable foam is discharged,
and if the propellant is in the external {continucus) phase (i.e., of the water-in-oil type), a
spray or a quick-breaking foam is discharged; metered aerosol being a pressunized dosage
form consisting of metered dose valves which allow for the delivery of a uniform
guantity of spray upon each activation; powder aerosol being a product that is packaged
under pressure and contams therapeutically active ingredients, in the form of a powder,
that are released upon activation of an appropriate valve system; and, aerosol spray being
an aerosol product which utilizes a compressed gas as the propellant to provide the force
necessary to expel the product as a wet spray and being applicable to solutions of

medicinal agenis m aqueouns sobvents.

{00078 As used herein, transdermal dosage form includes, but is not hmited 1o, a
patch being a drog delivery system that often contains an adhesive backing that is usually
applied 1o an external site oo the body, whereby the ingredients either passively diffuse
from, or are actively transported from, some portion of the patch, and whereby depending
upon the patch, the ingredients are either delivered to the outer surface of the body or into

the body and, other various types of transdermal patches such as matrix, reservowr and

others known in the art,

{00079} As used herem, the topical dosage form includes varicus dosage forms
known 1n the art such as lotions {an enmwdsion, hquid dosage form, whereby this dosage
form is generally for external apphication to the skin), lotion augmented (a lotion dosage
form that enhances drog delivery, whereby augmentation does not refer to the strength of
the drug in the dosage form), gels {a semisolid dosage form that contains a gelling agent
to provide stiffness to a solution or a colloidal dispersion, whereby the gel may contain
suspended particles) and ointments (a senmsolid dosage form, usually contammmg  less
than 20% water and volatiles and greater than 50% hydrocarbons, waxes, or polyols as
the vehicle, whereby this dosage form is generally for external application to the skin or

mucous membranes).
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{00080} Ointment angmented (an ointment dosage form that enhances druy
delivery, whereby augmentation does not refer to the strength of the drug n the dosage
formy), creams {an emulsion, seniisolid dosage foroy, usually containing greater than 20%
water and volatiles andfor less than 50% hydrocarbons, waxes, or polyols may also be
used as the vehicle, whereby this dosage form is generally for external application to the
skin or mucous membranes. Cream augmenied {(a cream dosage form that enhances drug
delivery, whereby augmentation does not refer to the strength of the drug in the dosage
form), emulsions {3 dosage form consisting of a two-phase system comprised of at least
two unmiscible lquids, one of which is dispersed as droplets, internal or dispersed phase,
within the other Hiquid, external or continuous phase, generally stabilized with one or
more emulsifying agents, whereby emulsion 1s used as a dosage form term unless a more
specific term s apphceable, e.g cream, lotion, ointment), suspensions (a hquid dosage
form that contains solid particles dispersed in a hquid vehicle), suspension extended
release, pastes {a semisohid dosage form, containing a large proportion, 20-50%, of solids
finely dispersed in a fatty vehicle, whereby this dosage form is penerally for external
application to the skin or mucous membraues), solutions {4 clear, homogencous ligmd
dosage form that contains one or more chemical substances dissolved v a solvent or

mixtare of mutonally miscible solvents), and powders are also sutable.

{00081} Shampoos (a lotion dosage form which has a soap or detergent that 1s
usually used to clean the hair and scalp) are often wsed as a vehicle for dermatelogic
agents. For instance, shampoo suspensions (3 liquid soap or detergent containing one or
more solid, insolable substances dispersed in a lquid vehicle that is used to clean the hair
and scalp and s often used as a vehicle for dermatologic agents) are often used. Aerosol
foarns (1e., a dosage form containing one or more active ingredients, surfactants, agueons
or ponagquecus lquids, and the propellants; i the propellant 35 i the internal
discontinpous phase, ve., of the otlin-water type, g stable foam 1s discharged, and if the
propetlant is in the external continuous phase, Le., of the water-in-oil type, a spray or a
quick-breaking foam is discharged), sprays {a liguid minutely divided as by a jet of sir or
steam), metered spray {a non-pressurized dosage form consisting of valves which allow
the dispensing of a specified quantity of sprayv upon each activation), and suspension

spray {a liquid preparation containing solid particles dispersed m a liguid vehicle and in
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the form of coarse droplets or as finely divided solids to be applied locally, most usually

to the nasal-pharvngeal tract, or topically to the skin) are also suitable.

{00682} Tellies (a class of gels, which are semisolid systems that consist of
suspensions made up of either small morganic particles or large organic molecules
mterpenetrated by a hquid--in which the structural coherent matrix contains a high
portion of liquid, ussally water) and films {2 thin layer or coating), including film
extended release (a drug delivery system in the form of a filay that releases the drug over
an extended period in such a way as to matntgin constant drug levels w the blood or
target tissue) and film soluble (a thin laver or coating which 35 susceptible to bemng

dissolved when in contact with a liquid) are also suitable.

{00083] Sponges {3 porous, mterlacing, absorbent material that contains a drug,
whereby it is {ypically used for applying or introducing medication, or for cleansing, and
whereby a sponge usually retains its shape), swabs {a small piece of relatively flat
absorbent material that contains 8 drag, whereby a swab may also be attached to one end
of a small stick, and whereby a swab iz typically used for applving medication or for

cleansing).

{00084} Patches {a drog delivery system that often contains an adhesive backing
that is usually applied to an external site on the body, whereby Hs ingredients either
passively diffuse from, or are actively transported from, some portion of the paich,
whereby depending upon the patch, the mgredients are either delivered to the outer
surface of the body or into the body, and whereby a patch 1s sometimes synonymous with
the terms ‘extended release film™ and “svstew’), patch extended release (a drug delivery
system in the form of a patch that releases the drug in such a manner that a reduction in
dosing frequency compared to that drug presentad as a conventional dosage form, e.g., a
solution or a prompt drug-releasing, conventional solid dosage form}, patch extended
refease electronically controlled (a drug delivery system in the form of a patch which s
controlled by an electric current that releases the drug m such a manner that a reduction
in dosing frequency compared to that drag presented as a conventional dosage form, ¢.g.,

a solution or a prowpt drug-releasing. conventional sohid dosage form), and the hike. The
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various topical dosage forms may also be fornmulated as immediate release, controlled

release, sustained release, or the hike.

[00085] The topical dosage form composition contains an active pharmaceutical
ingredient and one or more inactive phammaceuatical ingredients such as excipients,
colorants, pigments, additives, fillers, emolhents, surfactants {eg.. anionic, cationic,
amphoteric and nonionic), penetration enbancers (e.g., alcohols, fatty alcohols, fatty
acids, fatty acid esters and polvols), and the like. Various FDA-approved topical inactive
ingredients are found at the FDA's “The Inactive Ingredients Database”™ that contamns
mactive ingredients specifically intended as such by the manutacturer, whereby inactive
mgredients can alse be considered active ingredients under certain circumstances,

according o the definttion of an active ingredient given in 21 CFR 218.3(b)(7). Alcohol

is a good example of an ingredient that may be considered either active or inactive

depending on the product fornutdation.
EXAMPLES

00085} The following examples gre presented for Wlustrative purposes only, and
are not miended o limit the scope of the present invention in any way. The examples
itlustrate that 2MD, an analog of 125{0HRD; ongmally thought to be mportant
prevention and treatment of osteoporosis, is alse important in preventing and treating
secondary hyperparathyroidism and s accompanying symptoms. A study conducted in
rats i which thewr kidnevs were swrgically removed, showed that daily oral and
mtraperitoneal {ipy 2MD  adminisiration resghs in lower levels of serum PTH,
phosphorus, and creatimine, all dicators of kidney fathwe, as compared to veluele
control animals. Furthermore, 2MD adnmunistration results in {fower PTH, phosphorus and

creatininge levels at dose Tevels that do not radse serum calctum,

00087 Example |
{00088} Marenials and Methods
{00089] Nephrectomy Rat Model. Disease Indoction. Weanling, male Spragoe-

Dawley rats were obtained from Haddan (Madison, Wis). Following a 10-13 day
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acclimation period, the anumals had two-thirds of one kidney removed. After a week, the
other entire kidney was removed. The animals were then switched from a chow diet to a
purified rodent diet (Suda er ¢l Purified Rodent Diet-Diet 11} containing 0.6% (Ca and
0.9% phosphorus and fat soluble vitamins A, D, E and K. Water and diet were provided

ad libitam.

{00690} Anmmal Husbandry., Argmals were housed i suspended, plastic shoe-box
stvle cages with corn cob bedding (prior to surgery} or In stainless steel, wire-bottom
cages (approximately one week after surgery), The animal rooms were maintamned at a
temperature of 68 to 72 °F. and a relative humidity of 25 to 75%. The holdmg rooms

were set 1o provide 12 hoars of Hght per day.

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

the same average PTH level.

j00092] Dose Preparation (Vehicle Formulation) The negative control material
was prepared by volumetrically measoring ethanol (5%6) and Neobee oil, mixing and then

placing in storage at 2 to 8 °C.

{06093} Dose Preparation {2MD Formulation). 2MD formulations (DPOO, Sigma
Aldrich Fine Chemicals, Madison, Wis) were prepared by Brst determining the
concentration of an ethanol stock solution using UV spectrophotometry {extinction
coefficient=42 000, Law252 nm). The solutions were then volumetrically added to
Neobee oil so that there was no more than 5% ethanol in the final solotion. If necessary,
additional ethanol was added to bring the final ethanol amount to 5%, The solution was

mixed and stored 81 2 10 § °C.

{06094 Dose Admunistration Method, Both vehicle and 2MD were administered
orally to the back of the tongue at 0.5 mlky body weight once dally for & weeks, or

intraperitoneally three times per week for 4 weeks.

{00095] Seram Parathyroid Hommone (PTH) Levels. By “serum PTH levels”™ we

mean the amount of PTH released by the parathyroid gland. PTH is the most important

- 28734 -
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regulator of the body's calcium and phosphorus levels, and 18 controlled by the level of
calctom in the blood. Low blood calcium levels cause increased PTH to be released,
while high blood calcium levels inhibit PTH release. Normal values are 10-55 picograms
per milliliter {pg/ml). Four weeks after surgerv and 4 and 8 weeks after wreatment
mtiation, blood was collected from the tail artery and the concentration of bivactive
serum PTH was measured using the rat BioActive Intact PTH ELISA Kit from

Immutopics, Inc. {San Clemente, Calif).

{00096} Serom Calcwnm Analysis. Fowr weeks following surgery and 4 and 8
weeks after treatment started, blood was collected from the il artery of each
experimental animal. The blood was allowed to coagalate at room temperature and then
centrifnged at 3000xg tor 15 minutes. The serwm was transferred to a polypropylene wbe
and stored frozen at -20 °C. The level of calcium was determimed by diluting the seram
into 0.1% lanthum chloride and measuring the absorbance on an atomic absorption

spectrophotometer {Perkin Elmer Model 3110, Shetion, Conn ).

{06097} Phosphorus Assay. Four weeks after surgery and 8 weeks after treatment
started, blood was collected from the tail antery of each experimental anmmal. The blood
was allowed to coagulate at room temperature and then centrifuged at 3000xg for 13
minutes. The serum was transferred to a polvpropylene tube and stored frozen at <20 °C.
The level of phosphorus was determined using a clinical analyzer (Pentra 400, Horiba

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

{00098} Cregtinine Assay. Measuring serum cregtinine levels s a useful and
mexpensive method of evahuating renal dysfunction. Creatimine s a non-protem waste
product of phosphocreatinine metabolism by skeletal muscle tissue. Creatinine
production is continuons and is proportional to muscle mass. Creatinine s freely filtered
and therefore the serum creatinine level depends on the Glomerular Filration Rate
{GFR). Renal dysfonction diminishes the ability to filter creatinine and the serum
creatinine rises. If the serum creatinine level doubles, the GFR is considered to have been

halved. A threefold increase is considered to reflect a 75% loss of kidaey function
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{00099} In the following examples, serum creatinine levels were evaluated four
weeks after surgery and 8 weeks after treatment started. Blood was collected from the tail
artery of each experimental animal. The blood was allowed to coagulate at room
temperature and then centrifuged at 3000xg for 13 minutes. The serum was transterred to
a polypropylene tube and stored frozen at -20 °C. The level of creatinine was determined
using a clinical analyzer {Pentra 400, Horitba ABX Diagnostics--France; Jaffe reaction)
and is indicative of impaired renal function and chronic nephritis. In one embodiment of
the mvention, a nunmmum decrease in serum creatinine levels of approxumately 30% 13

expected after treatment according to the method of the present invention.

{060100] Example 2

{000101} Uremic Rat model — Intraperitoneal (p) Adminstratoin of 2MD
{000102] Figure 1 schemancally illustrates the ip treatment protocol with 2MD. As

shown i Figure 2, ip administration of 2MD at § ng'kg bw three times per week
prevented increases o serum PTH, and suppresses circulating PTH levels at 10 ng'kg bw.
As shown in Figore 3, ip admunistration of 2MD did not rasse serom calenum levels until

a dose of 10 ng'kg bw was administered.

{0007103] Example 3

{0001 04] Uremic Rat Model — Oral Administration of 2MI compared to Zenplar®
{600105] Figure 4 schematically illustrates the oral treatment protocol with 2MD.

As shown in Figore 5, oral admmistration of 2MD at daily doses of 1.5 ng'kg bw
prevented an increase or effected a reduction in serwm PTH levels. The observed effect
lasted for eight weeks of therapy.  As shown m Figure 6, oral administration of
Zemplar® at dasly doses of 30-300 ng'kg bw prevented an increase in serum PTH levels,
but the therapeutic effect was lost as the disease progressed. Figure 7 illustrates that
when orally administered clinically sigaificant serum calctum increases are observed at
2ME doses of S ng'kg bw. Figure 8 illustrates that when orally administered chinically

stgmificant serum calcinm increases are observed at Zemplar® doses of 100 and 300

ng'kg bw.
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{000106] As shown in Figure 9, oral administration of 2MD at daily doses of 1.5
ng'kg bw reduced serwm phosphorus levels in nephrectomized rats.  In contrast, oral
administration of Zemplar® did not reduce serum phosphorus levels in nephrectomized

rats.

{068107] As shown in Figure 11, oral administration of 2MD at daily doses of 1-5
ngdkg bw resulted m lower seram creatinie levels compared to Vehicle control animals.

In contrast, oral administration of Zemplar® lowered serum creatinine levels compared ©

Vehicle control animals, however, only at dose levels that significantly increased serom

caleium.

{0001 08]

{0007109] Phase 1B Trial - Oral Adnunistration of 2MD o Postinenopausal Women
{0601 16} Figare 13 llustrates the oral admumstration of 2MD once daly for 28 davs

to postinenopausal women gt a dose of 110 nanograms (ng) reduced seram PTH levels by

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

[000111] Interpretation of Data
{000112} 2MD or 2-methylene~19-nor-(205 -1 25-dihydroxyvitamin Da effectively

reduces secondary hyperparathyroidium 1o a rat model of renal failure. Rats that have all
but one sixth of their kidoey mass surgically removed, and are placed on a high
phosphorus diet will develop elevated PTH levels in the blood. Oral or intraperitoneal
administration of 2MD on g daily or 3 times per week regimen will reduce the circulating
fevels of PTH. In addition, 2MD has the added benefit of preventing further mcreases or
possibly reducing the levels of both phosphorus aud creatinme in the blood. Furthermeore,
2MD exhibits long-lasting effects in that rats treated orally for 8 weeks still show reduced
PTH levels; whereas, other vitamin D compounds lose their effectiveness after 4 weeks

of treatment in this animal model.
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CLAIMS
We claim
i Use of Z-methyvlene-19-nor-{205) 1o 25-dihvdroxyvitamin D: or

pharmaceutically  acceptable salts  thereof for tresting or preventing sccondary
hyperparathyroidism or the svmptoms thercof in a subject havimg or at nsk for
developing secondary hyperparathyroidisin or the sympioms thereof withowt inducmng

hivpercalcemia in the subject.

2. The use of claim 1, wherein the 2-methyvlene-19-nor-(205)- 10,25~
dilvdroxyvitamin Dx is fornulated in an oral, topical, transdermal, parenteral, mjection or

infusion dosage form.

s

3 The use of claim 1, wherein the 2-methylene-19-nor-{2081- 1 25~
dibydroxyvitamin Ds s formulated in a dose for admuustering about 20 ng/day 1o about 1

ugfday 1o the subject.

4, The use of claim 1, wherein the 2-methylene-19-nor-(208)-10,25-
dihvdroxyvitamin Dy is formulated m a dose for administering about 40 ngfday to about

600 ng/day to the subject.

5. The use of claim 1, wherein the 2-methylene-19-nor-(208)- 10 25-
dihydroxyvitamin Dy is formuolated w a dose for admmistering about 600 ngdday to the

subject.

6. The use of claim 1, wherem the 2-methvlene~19-nor-(208}- 10,25~
dibydroxyvitamin Ds ts formulated in a dose for administering about 400 ng/day to the

sabject.

7. The use of claim 1, wherein the subject i3 receiving hemodialysis

freatment.
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& The use of clatim 7, wherein the Z-methylene-19-nor-{208)- 10 25~
dibydroxyvitamin Dy is formulated 18 a dosage form for admumnistering about three times

per week to the subject.

9. The use of clanm I, wherein the symptoms of secondary
hyperparathyroidism are selected from the group consisting of serum PTH, serum

phosphorus and serum creatinine.



