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US 9,539,264 B2 
1. 

USE OF 
2-METHYLENE-19-NOR-(20S)-1-ALPHA.25 
DHYDROXYVITAMIN D3 TO TREAT 

SECONDARY HYPERPARATHYROIDSM IN 
PATIENTS PREVIOUSLY TREATED WITH 

CALCMIMETCS 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATIONS 

The present application claims the benefit under 35 
U.S.C. S 119(e) to U.S. Provisional Patent Application No. 
62/098,112, filed on Dec. 30, 2014, the content of which is 
incorporated herein by reference in its entirety. 

BACKGROUND 

This invention relates to vitamin D compounds useful in 
treating and/or preventing secondary hyperparathyroidism 
and/or the symptoms thereof, and more particularly to the 
use of the vitamin D compound 2-methylene-19-nor-(20S)- 
1C,25-dihydroxyvitamin D, otherwise referred to herein as 
“2MD. to treat and/or prevent secondary hyperparathyroid 
ism and/or the symptoms thereof in patients having second 
ary hyperparathyroidism that previously were treated with 
calcimimetics. 

Secondary hyperparathyroidism refers to the excessive 
secretion of parathyroid hormone (PTH) by the parathyroid 
glands in response to hypocalcemia (low blood calcium 
levels). This disorder is especially seen in patients with 
chronic renal failure and often is abbreviated as “SHPT in 
medical literature. 

Renal disease has become an increasingly important 
health problem in virtually every country in the world 
including highly developed countries such as the United 
States. Presently there are about 250,000 patients in the 
United States on renal dialysis who have lost almost com 
plete use of their kidneys. There are approximately ten times 
more patients who have lost some degree of renal function 
due to renal disease and are progressing to complete renal 
failure. Renal failure is evidenced by a decreased glomeruli 
filtration rate (GFR) from a high value of 110 ml/minute/ 
1.73 m to 30 ml/minute/1.73 m where dialysis is often 
initiated, and may be referred to as Stage 5, Chronic Kidney 
Disease (CKD). 
Many factors contribute to the development of renal 

disease. High blood pressure is one of the significant con 
tributors, as is having Type I or Type II diabetes. Current 
treatments for renal failure 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 S42 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 eco 
nomic benefit. 

Secondary hyperparathyroidism (SHPT) has been suc 
cessfully managed with the use of two types of agents: active 
vitamin D analogs (AVDs) alone or with the addition of a 
calcimimetic (CM). Regarding vitamin D's role in managing 
SHPT, it is now universally accepted that vitamin D must 
first be 25-hydroxylated in the liver and subsequently 1C.-hy 
droxylated in the kidney before it can be converted to its 
active form, namely 1C.25-(OH)D or "calcitriol.” (See 
DeLuca, “Vitamin D: The vitamin and the hormone.' Fed. 
Proc. 33, 2211-2219, 1974, and DeLuca & Schnoes, “Vita 
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2 
min D: Recent advances.” Ann. Rev. Biochem. 52,411-439, 
1983). Calcitriol then stimulates a number of physiological 
processes including: stimulating the intestine to absorb 
calcium, stimulating the kidney to reabsorb calcium, stimu 
lating the intestine to absorb phosphate, and stimulating 
bone to mobilize calcium when signaled by high parathyroid 
hormone (PTH) levels. These actions result 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 hypocalcemic tetany. 

Accordingly, SHPT is a universal complication in patients 
with chronic renal failure because patients with chronic 
renal failure are unable to convert 25-hydroxyvitamin D. 
from the liver to its active form of 1C,25-(OH),D, via 
1O-hydroxylation in the kidney. As a result of low levels of 
circulating 1C.25-(OH)D in patients with chronic renal 
failure, intestinal calcium absorption is minimal which Sub 
sequently results in insufficient serum calcium levels. In 
addition, during chronic renal failure, the failing kidneys do 
not adequately excrete phosphate. When this happens, 
insoluble calcium phosphate forms in the body and removes 
calcium from circulation. Ultimately, low levels of circulat 
ing 1C.25-(OH)D and inadequate phosphate excretion 
contribute to hypocalcemia and secondary hyperparathy 
roidism because when the parathyroid glands sense a low 
level of serum calcium (i.e., hypocalcemia), the parathyroid 
glands secrete an elevated amount of PTH in order to raise 
calcium mobilization from bone to raise serum calcium. 

In addition to SHPT resulting from renal failure, SHPT 
also can result from gastrointestinal malabsorption syn 
dromes (e.g., chronic pancreatitis, Small bowel disease, and 
malabsorption-dependent bariatric surgery in which the 
intestines do not absorb vitamins and minerals properly), 
where these syndromes are characterized by insufficient 
absorption of the fat soluble vitamin D resulting in low 
levels of circulating 1C.25-(OH)D. Other less common 
causes of secondary hyperparathyroidism are long-term 
lithium therapy, Vitamin D deficiency, malnutrition, Vitamin 
D-resistant rickets, or hypermagnesemia (i.e., abnormally 
high blood magnesium levels). 
As such, overt symptoms of SHPT include increased 

secretion of PTH. Left unchecked, the elevated secretion of 
PTH observed in SHPT will lead to the development of renal 
osteodystrophy. High PTH levels can also lead to: 1) weak 
ening of the bones; 2) calciphylaxis (when calcium 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) itching (pruritis); and 
6) low blood counts (anemia). Less overt symptoms of 
SHPT include bone and joint pain, bone deformities, broken 
bones (fractures), Swollen joints, kidney Stones, increased 
urination, muscle weakness and pain, nausea, loss of appe 
tite, upper abdominal pain, fatigue, and depression. 

Because SHPT results from low levels of circulating 
calcitriol, calcitriol has been administered as a therapeutic in 
order to supplement the low levels of circulating calcitriol in 
patients with SHPT. In the treatment of SHPT, it is well 
known that calcitriol binds to the vitamin 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 et al., “Sequences in 
the human parathyroid hormone gene that bind the 1.25 
dihydroxyvitamin D receptor and mediate transcriptional 
repression in response to 1.25-hydroxyvitamin D. Proc. 
Natl. Acad. Sci. USA 89, 8097-8101, 1992; and Darwish & 
DeLuca. “Identification of a transcription factor that binds to 
the promoter region of the human parathyroid hormone 
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gene.” Arch. Biochem. Biophys. 365, 123-130, 1999). 
Because of its ability to Suppress parathyroid hormone 
(PTH), calcitriol has been used with success in the treatment 
of secondary hyperparathyroidism. (See Slatopolsky et al., 
“Marked Suppression of Secondary Hyperparathyroidism 
by Intravenous Administration of 1,25-dihydroxycholecal 
ciferol in Uremic Patients, J. Clin. Invest. 74:2136-2143, 
1984). However, the use of calcitriol in the treatment of 
SHPT is not without its drawbacks because calcitriol may 
cause hypercalcemia resulting from calcitriol's potent action 
on intestinal calcium absorption and bone mineral calcium 
mobilization. 
As such, less calcemic analogs of calcitriol that exhibit 

diminished activity on intestinal calcium absorption and/or 
bone mineral calcium mobilization have been developed and 
have been found to be nearly as effective as calcitriol in 
suppressing PTH secretion by cultured bovine parathyroid 
cells. These include 22-oxacalcitriol (OCT). (Brown et al., 
“The Non-Calcemic Analog of Vitamin D, 22-oxacalcitriol 
(OCT) Suppresses Parathyroid Hormone Synthesis and 
Secretion.” J. Clin. Invest. 84:728-732, 1989), as well as 
1.25-(OH)-16-ene-23-yne-D, 1,25-(OH)-24-dihomo-D, 
and 1.25-(OH)-24-trihomo-22-ene-D. 22-oxacalcitriol has 
been examined in detail for this action in vivo. (See Brown 
et al., “Selective Vitamin D Analogs and their Therapeutic 
Applications.” Sem. Nephrol 14:156-174, 1994, reporting 
that 22-oxacalcitriol, despite its rapid clearance in vivo, 
could suppress PTH mRNA). Low, submaximal doses of 
calcitriol and OCT exhibited comparable inhibition. OCT 
also has been shown to suppress serum PTH in uremic rats 
and dogs. 

Another analog of calcitriol with low calcemic and phos 
phatemic action is 19-nor-1.25-(OH),D, which is also 
known as paricalcitol or 19-nor-1C.25-dihydroxy-ergocal 
ciferol. Paricalcitol injection is available commercially as 
Zemplar(R) from Abbott Laboratories, Abbott Park, Ill. A 
paricalcitol (Zemplar(R) injection is described in U.S. 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 failure 
(CKD Stage 5 or end-stage renal disease (ESRD), GFR.<15 
mL/min/1.73 m). 
A newer class of drug used to treat SHPT are the so-called 

"calcimimetics, one of which is commercially available as 
Sensipar(R) (cinacalcet) in the United States and Australia, 
and as Mimpara(R) in the European Union. A calcimimetic 
(CM) is a drug that mimics the action of calcium on the 
parathyroid gland by allosteric activation of the calcium 
sensing receptor that is expressed in the parathyroid gland. 
In particular, CMS increase the sensitivity of calcium-sens 
ing receptors in the parathyroid gland and trick the parathy 
roid gland into thinking that there is a sufficient level of 
serum calcium. As a result of the receptor thinking that there 
is sufficient serum calcium, PTH secretion is reduced. Cal 
cimimetics have achieved positive responses and are FDA 
approved for use in patients on dialysis, but have not been 
approved for use in chronic kidney disease pre-dialysis 
because, among other concerns, CMS also can increase 
phosphorus levels. Further, CMs cause hypocalcemia and 
are provided together with a vitamin D analog (AVD) to both 
prevent hypocalcemia and to help in Suppression of serum 
PTH. Often CMs are employed when an AVD by itself is 
unable to suppress the PTH without also causing hypercal 
cemia. Thus, both a CM and an AVD may be administered 
to treat SHPT in some patient. 

Thus, a drug for treating SHPT that can suppress PITH 
with minor effects on calcium and phosphate metabolism 
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4 
would be an ideal tool for the control and treatment of 
secondary hyperparathyroidism. Here, a highly potent active 
vitamin D analog (AVD), namely, 2-methylene-19-nor 
(20S)-1C.25-dihydroxyvitamin D, referred to herein as 
“2MD, is shown to suppress PTH production while main 
taining serum calcium and serum phosphate in the normal 
range. (See also U.S. Published Application No. 2014/ 
0005152, the content of which is incorporated herein by 
reference in its entirety). As such, 2MD may be useful for 
treating SHPT in patients that previously were treated with 
other AVDs or calcimimetics (CMs). 

SUMMARY 

It has now been discovered that the vitamin D analog 
2-methylene-19-nor-(20S)-1C.25-dihydroxyvitamin D 
(2MD) has the ability to treat secondary hyperparathyroid 
ism as well as symptoms of secondary hyperparathyroidism 
when administered under well-controlled conditions to a 
Subject in need thereof, including a subject previously 
treated with a calcimimetic (CM). It also now been discov 
ered that the vitamin D analog 2MD has the ability to 
prevent secondary hyperparathyroidism as well as Symp 
toms of secondary hyperparathyroidism when administered 
under well-controlled conditions to a subject in need thereof, 
including a subject previously requiring a calcimimetic and 
an active vitamin D analog (AVD). Thus, 2MD has the 
unique property among vitamin D compounds to eliminate 
or reduce the need for a CM in the management of secondary 
hyperparathyroidism. 

In one embodiment, the present invention provides a 
novel method of treating secondary hyperparathyroidism by 
administering a therapeutically effective amount of a com 
position comprising 2-methylene-19-nor-(20S)-1C.25-dihy 
droxyvitamin D. (2MD) or pharmaceutically acceptable 
salts thereof as the active agent to a subject exhibiting 
symptoms of secondary hyperparathyroidism, including a 
subject previously treated with a calcimimetic, preferably 
without inducing hypercalcemia in the Subject. 

In another embodiment, the present invention provides a 
novel method of treating symptoms of secondary hyperpara 
thyroidism by administering a therapeutically effective 
amount of a composition comprising 2-methylene-19-nor 
(20S)-1C.25-dihyroxyvitamin D. (2MD) or pharmaceuti 
cally acceptable salts thereof as the active agent to a subject 
exhibiting symptoms of secondary hyperparathyroidism, 
including a subject previously treated with a calcimimetic, 
preferably without inducing hypercalcemia in the Subject. 

In yet another embodiment, the present invention pro 
vides a novel method of preventing secondary hyperpara 
thyroidism by administering a therapeutically effective 
amount of a composition comprising 2-methylene-19-nor 
(20S)-1C.25-dihydroxyvitamin D. (2MD) or pharmaceuti 
cally acceptable salts thereof as the active agent to a subject 
at risk of developing secondary hyperparathyroidism, 
including a subject previously treated with a calcimimetic, 
preferably without inducing hypercalcemia in the Subject. 

In still another embodiment, the present invention pro 
vides a novel method of preventing symptoms of secondary 
hyperparathyroidism by administering a therapeutically 
effective amount of a composition comprising 2-methylene 
19-nor-(20S)-1C,25-dihydroxyvitamin D. (2MD) or phar 
maceutically acceptable salts thereof as the active agent to a 
Subject at risk of developing secondary hyperparathyroid 
ism, including a Subject previously treated with a calcimi 
metic, preferably without inducing hypercalcemia in the 
Subject. 
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In the disclosed methods, the 2-methylene-19-nor-(20S)- 
1C,25-dihydroxyvitamin D. (2MD) may beformulated in an 
oral, topical, transdermal, parenteral, injectable or infusable 
form of a pharmaceutical composition comprising a suitable 
dose of 2MD. In some embodiments, pharmaceutical com 
positions may comprise 2MD (or pharmaceutically accept 
able salts thereof) in a minimal dose of at least about 0.01, 
0.05, 0.1, 0.5, 1.0, 5.0, 10.0, 50.0, 100.0, 500.0 or 1000.0 
ug/gm of the composition. In other embodiments, pharma 
ceutical compositions may comprise 2MD (or pharmaceu 
tically acceptable salts thereof) in a maximal dose no greater 
than 1000.0, 500.0, 100.0, 50.0, 10.0, 5.0, 1.0, 0.1, or 0.05 
ug/gm of the composition. The compositions may comprise 
2MD within dose ranges having as end-points any of these 
disclosed doses (e.g., where 2MD represents 0.01-1000.0 
ug/gm of the composition). Minimal and/or maximal doses 
may be administered at any Suitable frequency, such as daily, 
three times per week, weekly, or other frequencies. 

Patients suitable for the disclosed treatment and preven 
tion methods may include a patient having or at risk for 
developing secondary hyperparathyroidism or the symptoms 
thereof including a patient previously administered a calci 
mimetic. For example, patients suitable for the disclosed 
treatment and prevention methods may include a patient 
previously administered cinacalcet. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1. Change in plasma iPTH (%) versus concentration 
of DP001 (2MD). Chronic kidney disease-stage 5 patients 
were given DP001 at the indicated dose orally 3 times 
weekly for 4 weeks. Data are presented as mean-SEM. 
Plasma iPTH levels were measured using the Immulite 
Intact iPTH Assay from Siemens Healthcare Diagnostics. 

FIG. 2. Safety parameter versus concentration of DP001 
(2MD) for patients of FIG. 1. Data are presented as mean 
(standard deviation (SD)). 

FIG. 3. Study schema for study participants. Participants 
discontinued use of the active vitamin D analogue (AVD) 
and cinacalcet (if applicable) prior to a washout period and 
subsequent administration of placebo or DP001 (440 ng, 
3x/wk, for up to 12 weeks). 

FIG. 4. Subject disposition tree. 
FIG. 5. Demographic and baseline characteristics of study 

enrollees. 
FIG. 6. Percentage of subjects achieving primary endpoint 

of two consecutive -30% decrease from his/her averaged 
baseline iPHT level during the 12-week treatment period. 
Pre-dialysis serum iPTH levels were measured using the 
Access Intact iPTH Assay from Beckman Coulter 
(p<0.0001, Fisher's exact test). 

FIG. 7. Secondary efficacy endpoint as measured as the 
mean percentage change in serum iPTH from the averaged 
baseline value to the average of the last 2 on-treatment 
values. Data are presented as meant SEM. p-0.0001. One 
way ANOVA. 

FIG. 8. Change in PTH from averaged baseline (%) for 
“All Patients,” “Patients Previously on Active Vitamin D 
Analogue (AVD) only, and “Patients on AVD and Cinacal 
cet” administered placebo or DP001. 

FIG. 9. Study enrollees exceeding safety threshold values 
for iPTH, Ca, and P. 

FIG. 10. Number of adverse events (AEs) and serious 
adverse events (SAEs) for study enrollees. 

DETAILED DESCRIPTION 

Disclosed are methods of treating and/or preventing sec 
ondary hyperparathyroidism or the symptoms thereof, 
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6 
including treating and/or preventing secondary hyperpara 
thyroidism and/or the symptoms thereof in a subject previ 
ously treated with a calcimimetic. The disclosed methods 
further may described as follows based on the following 
definitions. 
As used in this specification and the claims, the singular 

forms “a,” “an,” and “the include plural forms unless the 
content clearly dictates otherwise. For example, “an active 
vitamin D compound' or “AVD,” should be interpreted to 
mean “one or more AVDs, and “a calcimimetic' or "CM’ 
should be interpreted to mean “one or more CMs.” 
As used herein, “about”, “approximately,” “substan 

tially, and “significantly will be understood by persons of 
ordinary skill in the art and will vary to some extent on the 
context in which they are used. If there are uses of the term 
which are not clear to persons of ordinary skill in the art 
given the context in which it is used, “about and “approxi 
mately” will mean up to plus or minus 10% of the particular 
term and “substantially' and “significantly will mean more 
than plus or minus 10% of the particular term. 
As used herein, the terms “include” and “including have 

the same meaning as the terms "comprise' and "compris 
ing.” The terms “comprise' and “comprising should be 
interpreted as being “open transitional terms that permit the 
inclusion of additional components further to those compo 
nents recited in the claims. The terms “consist’ and “con 
sisting of should be interpreted as being “closed’ transi 
tional terms that do not permit the inclusion additional 
components other than the components recited in the claims. 
The term “consisting essentially of should be interpreted to 
be partially closed and allowing the inclusion only of 
additional components that do not fundamentally alter the 
nature of the claimed subject matter. 
As used herein, the term “patient,” which may be used 

interchangeably with the terms “subject' or “individual.” 
refers to one who receives medical care, attention or treat 
ment and may encompass a human patient. The disclosed 
methods may be utilized to treat and/or prevent secondary 
hyperthyroidism of the symptoms thereof in a patient in 
need thereof, including a patient previously treated with a 
calcimimetic. A patient in need thereof may include, but is 
not limited to, a patient having or at risk for developing 
secondary hyperthyroidism Subsequent to a renal disease or 
disorder, including a patient previously treated with a cal 
cimimetic. A patient in need thereof may include, but is not 
limited to, a patient having or at risk for developing sec 
ondary hyperthyroidism Subsequent to renal osteodystrophy, 
for example, due to renal failure, including a patient previ 
ously treated with a calcimimetic. A patient in need thereof 
may include a patient undergoing renal dialysis, including a 
patient previously treated with a calcimimetic. A patient in 
need thereof may include, but is not limited to, a patient 
having or at risk for developing secondary hyperthyroidism 
as a result of a gastrointestinal malabsorption syndromes 
(e.g., chronic pancreatitis, Small bowel disease, and malab 
Sorption-dependent bariatric Surgery in which the intestines 
do not absorb vitamins and minerals properly), including a 
patient previously treated with a calcimimetic. A patient in 
need thereof may include, but is not limited to, a patient 
having or at risk for developing secondary hyperthyroidism 
as a result of a long-term lithium therapy, vitamin D defi 
ciency, malnutrition, vitamin D-resistant rickets, or hyper 
magnesemia (i.e., abnormally high blood magnesium lev 
els), including a patient previously treated with a 
calcimimetic. 
The disclosed methods may be utilized to treat and/or 

prevent the symptoms of secondary hyperthyroidism in a 
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patient in need thereof, including a patient previously treated 
with a calcimimetic. Symptoms of secondary hyperthyroid 
ism treated and/or prevented by the disclosed methods may 
include, but are not limited to: increased levels of serum 
PTH, serum phosphorus, and serum creatinine. Other symp 
toms of secondary hyperthyroidism treated and/or prevented 
by the disclosed methods may include: weakening of the 
bones; calciphylaxis (when calcium forms clumps in the 
skin and lead to ulcers and potentially death of Surrounding 
tissue); cardiovascular complications; abnormal fat and 
Sugar metabolism; itching (pruritis); and low blood counts 
(anemia). Further symptoms of secondary hyperthyroidism 
treated and/or prevented by the disclosed methods may 
include: bone and joint pain, bone deformities, broken bones 
(fractures), Swollen joints, kidney Stones, increased urina 
tion, muscle weakness and pain, nausea, and loss of appetite. 
Even further symptoms of secondary hyperthyroidism 
treated and/or prevented by the disclosed methods may 
include: fatigue, upper abdominal pain, and depression. 

Previously, it has been demonstrated that calcitriol admin 
istered through the diet can effectively prevent renal disease 
and renal failure by reducing the symptoms of renal disease. 
(See James Wonkee Kim. Effects of calcitriol on the MRL/ 
Mp.J-fas/lpr model of systemic lupus erythematosus (Ph.D. 
Thesis, University of Wisconsin-Madison (2009)). For 
instance, it has been previously shown that administering 
calcitriol completely prevents proteinuria in the MRL/Mp.J- 
FAS (MRL/lpr) mouse model of systemic lupus erythe 
matosus (SLE). (See id.). However, severe hypercalcemia 
always accompanied this treatment. Hypercalcemia (i.e., 
increased levels of calcium in the blood) can result in serious 
physical problems, including death. Specifically, an increase 
in calcium of approximately 2 mg/100 ml is considered mild 
hypercalcemia and is not considered a problem. However, an 
increase in calcium levels of more than 2 mg/100 ml is 
considered severe hypercalcemia and can cause calcification 
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 hypercalcemia. 

2-methylene-19-nor-(20S)-1C,25-dihydroxyvitamin D. 
(2MD) is an analog of 1.25(OH),D, which has been shown 
to have increased in vivo potency toward bone but not on 
intestinal calcium absorption. The overall synthesis of 2MD 
is illustrated and described more completely in U.S. Pat. No. 
5,843,928, issued Dec. 1, 1998, and entitled “2-Alkylidene 
19-Nor-Vitamin D Compounds” the specification of which 
is specifically incorporated herein by reference. The bio 
logical activity of 2MD is also reported in U.S. Pat. No. 
5,843,928 and in Shevde et al., “A Potent Analog of 1C.25 
dihydroxyvitamin D. Selectively Induces Bone Formation' 
PNAS, Vol. 99, No. 21 pp 13487-13491 (2002), both of 
which are specifically incorporated herein by reference. 

Surprisingly, in the methods disclosed herein, 2MD can 
be administered to treat and/or prevent secondary hyper 
parathyroidism and/or its accompanying symptoms prefer 
ably without causing severe hypercalcemia in a patient in 
need thereof, including a patient previously treated with a 
calcimimetic. As used herein, "hypercalcemia' means 
elevated calcium levels in the blood. In a normal subject, 
calcium levels are approximately 9-10.5 mg/dL or 2.2-2.6 
mmol/L. As such, calcium levels greater than about 10.5 
mg/dL or 2.6 mmol/L may be indicative of hypercalcemia. 
In cases of severe hypercalcemia (i.e., calcium levels above 
15-16 mg/dL or 3.75-4 mmol/L) coma and cardiac arrest can 
develop. In the methods disclosed herein, 2MD can be 
administered to treat and/or prevent secondary hyperpara 
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8 
thyroidism and/or its accompanying symptoms including 
elevated PTH levels, elevated phosphorus levels, and 
elevated creatinine levels. 

Also in the methods disclosed herein, 2MD can be used 
to treat and reduce the severity of secondary hyperparathy 
roidism of renal disease and its accompanying symptoms in 
a patient in need thereof, including a patient previously 
treated with a calcimimetic, preferably without causing 
severe hypercalcemia, by reducing PTH, phosphorus, and 
creatinine levels in blood. 
The present invention therefore provides novel methods 

of treating and/or preventing secondary hyperparathyroid 
ism and/or its accompanying symptoms in a subject at risk 
of developing secondary hyperparathyroidism, and of treat 
ing and/or preventing secondary hyperparathyroidism and/ 
or its accompanying symptoms in a subject exhibiting 
symptoms of secondary hyperparathyroidism, by adminis 
tering to the subject a therapeutically effective amount of 
2-methylene-19-nor-(20S)-1C.25-dihydroxyvitamin D. 
(2MD) or pharmaceutically acceptable salts thereof prefer 
ably without inducing hypercalcemia in the Subject, where 
2MD has the structure (I): 

OH 

HO OH 

The disclosed methods may include administering 2MD 
to a patient that previously was administered a calcimimetic 
(e.g., in order to treat and/or prevent secondary hyperpara 
thyroidism and/or the symptoms thereof). In some embodi 
ments of the disclosed methods, after 2MD is administered 
to the patient, administration of the calcimimetic is discon 
tinued. In other embodiments of the disclosed methods, the 
patient is administered 2MD and a calcimimetic (e.g., in 
order to treat and/or prevent secondary hyperparathyroidism 
and/or the symptoms thereof). For example, 2MD may be 
administered to the patient before, concurrently, or after the 
calcimimetic is administered to the patient. 
As utilized herein, a calcimimetic is an agent that mimics 

the effect of calcium on the parathyroid gland. As such, 
calcimimetics increase the sensitivity of the calcium-sensing 
receptor (CaR) to circulating serum calcium, reducing the 
secretion of PTH and the serum calcium concentration. 
Calcimimetics may include, but are not limited to the 
compound named (R) N-1-(1-naphthyl)ethyl-3-3-(trif 
luoromethyl)phenylpropan-1-amine otherwise referred to 
as "cinacalcet.” 
As used herein, "preventing means forestalling of a 

clinical symptom indicative of secondary hyperparathyroid 
ism. Such forestalling includes, for example, the mainte 
nance of normal kidney functions in a Subject at risk of 
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developing secondary hyperparathyroidism prior to the 
development of overt symptoms of secondary hyperpara 
thyroidism including, but not limited to, increased levels of 
serum PTH, phosphorus and creatinine. Therefore, the term 
“preventing includes the prophylactic treatment of subjects 
to guard them from the occurrence of secondary hyperpara 
thyroidism. Preventing secondary hyperparathyroidism in a 
Subject is also intended to include inhibiting or arresting the 
development of secondary hyperparathyroidism. Inhibiting 
or arresting the development of secondary hyperparathy 
roidism includes, for example, inhibiting or arresting the 
occurrence of increased levels of serum PTH, phosphorus 
and creatinine. 
As used herein, a "renal disease' or a "renal disorder 

means a condition exhibiting impaired kidney function in a 
Subject who is not on dialysis or a patient with chronic 
kidney disease (CKD) at stages 2 or 3. Such as, for instance, 
acute kidney failure, acute nephritic syndrome, analgesic 
nephropathy, atheroembloic renal disease, chronic kidney 
failure, chronic nephritis, congenital nephrotic syndrome, 
goodpasture syndrome, interstitial nephritis, kidney cancer, 
kidney damage, kidney infection, kidney injury, kidney 
stones, membranoproliferative GNI, membranoproliferative 
GNII, membranous nephropathy, minimal change disease, 
necrotizing glomerulonephritis, nephroblastoma, nephrocal 
cinosis, nephrogenic diabetes insipidus, nephropathy-IgA, 
nephrosis nephrotic syndrome, polycystic kidney disease, 
post-Strepococcal GN, reflux nephropathy, renal artery 
embolism, renal artery Stenosis, renal disorders, renal pap 
illary necrosis, renal tubular acidosis type I, renal tubular 
acidosis type II, renal underperfusion, renal vein thrombosis. 

“Renal disease' is meant to include patients with estab 
lished kidney failure (e.g., a glomerular filtration rate (GFR) 
of less than 15 mL/min/1.73 m or permanent renal replace 
ment therapy (RRT)). A subject having “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 abnormalities or markers 
of kidney damage, including abnormalities in the composi 
tion of the blood or urine, or abnormalities in imaging tests. 
Markers of kidney damage include proteinuria of greater 
than 300 ug/day as measured by 24-HR excretion method. 
(Sec Table 15, Am. J. of Kidney Diseases, V. 39, no. 2, Suppl. 
1 (February 2002), pp. 546-575, incorporated herein by 
reference). This definition may include patients on dialysis. 
As used herein, a patient having 'stage 2 chronic kidney 

disease (CKD) means a patient exhibiting a mild reduction 
in GFR (60-89 mL/min/1.73 m). Kidney damage is defined 
as pathologic abnormalities or markers of damage, including 
abnormalities in blood or urine test or imaging studies. A 
patient having “stage 3 chronic kidney disease (CKD) 
means a patient exhibiting a moderate reduction in GFR 
(30-59 mL/min/1.73 m). Guidelines for characterizing kid 
ney disease may distinguish between stage 3A (GFR 45-59) 
and stage 3B (GFR 30-44) for purposes of screening and 
referral. For more information about stages of kidney dis 
ease, see Am. J. of Kidney Disease, V. 39, No. 2, Suppl. 1, 
February 2002, incorporated herein by reference. “Renal 
failure' is evidenced by a decreased glomeruli filtration rate 
(GFR) from a high value of 110 ml/minute/1.73 m to 30 
ml/minute/1.73 m where dialysis is often initiated, and may 
be referred to as Stage 5, Chronic Kidney Disease (CKD). 
As used herein, “administering mean introducing a com 

pound into the body, preferably into the systemic circulation, 
as described in more detail below. Examples include but are 
not limited to oral, topical, buccal, Sublingual, pulmonary, 
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10 
transdermal, transmucosal, as well as Subcutaneous, intrap 
eritoneal, intravenous, and intramuscular injection or in the 
form of liquid or Solid doses via the alimentary canal. 
As used herein, “therapeutically effective” means an 

amount of a compound that, when administered to a subject 
for treating or preventing a disease, is sufficient to effect 
such treatment of prevention of the disease. A “therapeuti 
cally effective amount will vary depending on the com 
pound, the disease state being treated, the severity 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 fac 
tOrS. 

Pharmaceutical compositions for use in the disclosed 
treatment and prevention methods comprise an effective 
dose of 2MD as an active ingredient and a suitable carrier. 
An effective dose of 2MD for use in accordance with the 
disclosed methods is high enough for achieving a desired 
therapeutic effect and low enough so as not as to cause an 
undesired side effect (e.g., hypercalcemia). In some embodi 
ments, pharmaceutical composition may comprise 2MD in a 
minimal dose of at least about 0.01, 0.05, 0.1, 0.5, 1.0, 5.0, 
10.0, 50.0, 100.0, 500.0 or 1000.0/gm of the composition. 
In other embodiments, pharmaceutical composition may 
comprise 2MD in a maximal dose no greater than 1000.0, 
500.0, 100.0, 50.0, 10.0, 5.0, 1.0, 0.1, 0.05 ug/gm of the 
composition. The compositions may comprise 2MD within 
dose ranges having as end-points any of these disclosed 
doses (e.g., 0.01-1000.0 ug/gm of the composition). Mini 
mal and/or maximal doses may be administered at any 
suitable frequency, such as daily, three times per week, 
weekly, or other frequencies. 

In the disclosed treatment and prevention methods, a 
patient in need thereof may be administered an effective 
dose level of 2MD. An effective dose level of 2MD for use 
in accordance with the disclosed methods is high enough for 
achieving a desired therapeutic effect and low enough so as 
not as to cause an undesired side effect (e.g., hypercalcemia). 
In some embodiments, a minimal dose level for achieving 
therapy may be at least about 0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 
10.0, 12.5, 15.0, or 20.0 ng/kg body weight of the subject. 
In some embodiments, a maximal dose level may not exceed 
about 20.0, 15.0, 12.5, 10.0, 5.0, 2.5, 1.0, 0.5, 0.25, and 0.1 
ng/kg body weight of the Subject. Minimal and/or maximal 
dose levels may include dose level ranges having as end 
points any of these discloses dose levels (e.g., 0.1-20.0 mg/kg 
body weight of the subject). 
As used herein, “treat,” “treating or “treatment’ means 

amelioration, alleviation or ablation of a clinical symptom 
indicative of secondary hyperparathyroidism. Amelioration, 
alleviation or ablation of a clinical symptom includes, for 
example, arresting, reducing the severity of or slowing the 
progression of or causing the regression of a symptom of 
secondary hyperparathyroidism. For instance, lowering the 
amount of serum PTH, serum phosphorus or serum creati 
nine levels in response to treatment with 2MD. Specifically, 
treating may include reducing the amount of serum PTH, 
serum phosphorus or serum creatinine pre-treatment versus 
post-treatment by at least about 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90% or more. Other pathological conditions, 
chronic complications or phenotypic manifestations of sec 
ondary hyperparathyroidism are known to those skilled in 
the art and can similarly be used as a measure of treating 
secondary hyperparathyroidism so long as there is a reduc 
tion in the severity of the condition, complication or mani 
festation associated with the disease. 
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Effective compound formulations of 2MD are described 
in U.S. Pat. No. 5,843,928 and include pharmaceutical 
applications as a solution in innocuous solvents, or as an 
emulsion, Suspension or dispersion in Suitable solvents or 
carriers, or as pills, tablets, capsules combined with Solid 5 
carriers. Other formulations may also include other phar 
maceutically acceptable and nontoxic excipients such as 
stabilizers, anti-oxidants, binders, coloring agents or emul 
Sifying or taste-modifying agents and extended release for 
mulations. 10 

In one embodiment, 2MD is the active pharmaceutical 
ingredient (API) administered in the disclosed methods. The 
API may be formulated in an oral pharmaceutical dosage 
form as a solution in innocuous solvents, emulsion, Suspen 
sion or dispersion in suitable solvents or carriers. The API 15 
may also be formulated in various oral dosage forms, such 
as pills, tablets or capsules using Suitable pharmaceutical 
Solid carriers. Such pharmaceutical formulations may also 
contain other pharmaceutically suitable USP-approved inac 
tive ingredients, excipients, such as stabilizers, anti-oxi- 20 
dants, binders, coloring agents, emulsifiers, and/or taste 
modifying agents, which are referred to as USP approved 
inactive pharmaceutical ingredients. 
The API may be administered orally, topically, parenter 

ally or transdermally or by inhalation. The compound may 25 
be administered by injection or intravenous infusion using 
Suitable sterile solutions. Topical dosage forms may be 
creams, ointments, patches, or similar vehicles Suitable for 
transdermal and topical dosage forms. Preferably for the 
treatment of secondary hyperparathyroidism, or for the 30 
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 adminis 
tration. In some embodiments, the patient may be adminis- 35 
tered a dose as low as 55 ng, 110 ng, 220 ng, 330 ng, 440 
ng, 550 ng, or 660 ng, daily or 3 times per week in order to 
treat secondary hyperparathyroidism and/or to treat or pre 
vent the symptoms thereof in a patient. In some embodi 
ments, the patient may be administered a dose as high as 110 40 
ng, 220 ng, 330 ng, 440 ng, 550 ng, 660 ng, or 770 ng, daily 
or 3 times per week in order to treat secondary hyperpara 
thyroidism and/or to treat or prevent the symptoms thereof 
in a patient. Minimal and/or maximal doses may include 
dose ranges having as end-points any of these disclosed 45 
doses (e.g., 55 ng-770 ng). 
The pharmaceutically Suitable oral carrier systems (also 

referred to as drug delivery systems, which are modern 
technology, distributed with or as a part of a drug product 
that allows for the uniform release or targeting or drugs to 50 
the body) preferably include FDA-approved and/or USP 
approved inactive ingredients. Under 21 CFR 210.3(b)(8), 
an inactive ingredient is any component of a drug product 
intended to furnish pharmaceutical activity or other direct 
effect in the diagnosis, or to affect the structure or any 55 
function of the body of humans or other animal. Active 
ingredients include 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 60 
effect. As used herein, a kit (also referred to as a dosage 
form) is a packaged collection of related material. 
As used herein, "oral dosage' forms may include capsules 

(i.e., a solid oral dosage form consisting of a shell and a 
filling), whereby the shell is composed of a single sealed 65 
enclosure, or two halves that fit together and which are 
Sometimes sealed with a band, and whereby capsule shells 

12 
may be made from gelatin, starch, or cellulose, or other 
suitable materials, may be soft or hard, and are filled with a 
Solid or liquid 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 container or “shell” made from a suitable form 
of gelatin. The drug itself may be in the form of granules to 
which varying amount of coating have been applied or in a 
capsule coated extended release, in which the drug is 
enclosed within either a hard or soft soluble container or 
“shell” made from a suitable form of gelatin. Additionally, 
the capsule may be covered in a designated coating which 
releases a drug or drugs in 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. 
The oral dosage form may further be a capsule delayed 

release, in which the drug is enclosed within either a hard or 
soft soluble container made from a suitable form of gelatin, 
and which releases a drug (or drugs) at a time other than 
promptly after administration, whereby enteric-coated 
articles are delayed release dosage forms. Capsule delayed 
release pellets, in which the drug is enclosed within either a 
hard or soft container or “shell” are also useful. In these 
cases, the drug itself 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. 

Additionally, the capsule is covered in a designated film 
coating, and which releases a drug or drugs in 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 solid dosage form in which 
the drug is enclosed within either a hard or soft soluble 
container made from a suitable form of gelatin; through a 
banding process, the capsule is coated with additional layers 
of gelatin so as to form a complete seal), capsule liquid filled 
(a solid dosage form in which the drug is enclosed within a 
soluble, gelatin shell which is plasticized by the addition of 
a polyol. Such as Sorbitol or glycerin, and is therefore of a 
somewhat thicker consistency than that of a hard shell 
capsule). 

Typically, the active ingredients may be dissolved or 
Suspended in a liquid vehicle, a granule (a small particle or 
grain), a pellet (a small sterile Solid mass consisting of a 
highly purified drug, 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 is in the form of granules to which 
varying amounts of coating have been applied, and which 
releases a drug or drugs in Such a manner to allow a 
reduction in dosing frequency as compared to that drug or 
drugs presented as a conventional dosage form). 

Other forms include pills (a small, round solid dosage 
form containing a medicinal agent intended for oral admin 
istration), powder (an intimate mixture of dry, finely divided 
drugs and/or chemicals that may be intended for internal or 
external use), elixir (a clear, pleasantly flavored, Sweetened 
hydroalcoholic liquid containing dissolved medicinal 
agents; it is intended for oral use), chewing gum (a Sweet 
ened and flavored insoluble plastic material of various 
shapes which when chewed, releases a drug Substance into 
the oral cavity), syrup (an oral Solution containing high 
concentrations of Sucrose or other Sugars; the term has also 
been used to include any other liquid dosage form prepared 
in a Sweet and viscid vehicle, including oral Suspensions), 
tablet (a solid dosage form containing medicinal Substances 
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with or without suitable diluents), tablet chewable (a solid 
dosage form containing medicinal Substances with or with 
out suitable diluents that is intended to be chewed, produc 
ing a pleasant tasting residue in the oral cavity that is easily 
swallowed and does not leave a bitter or unpleasant after 
taste), tablet coated or tablet delayed release, tablet dispers 
ible, tablet effervescent, tablet extended release, tablet film 
coated, or tablet film coated extended release where the 
tablet is formulated in Such manner as to make the contained 
medicament available over an extended period of time 
following ingestion. 

In other forms, a tablet for solution, tablet for suspension, 
tablet multilayer, tablet multilayer extended release may be 
provided, where the tablet is formulated in such manner as 
to allow at least a reduction in dosing frequency as compared 
to that drug presented as a conventional dosage form. A 
tablet orally disintegrating, tablet orally disintegrating 
delayed release, tablet soluble, tablet Sugar coated, osmotic, 
and the like are also suitable. 
The oral dosage form composition may contain an active 

pharmaceutical ingredient and one or more inactive phar 
maceutical ingredients such as diluents, solubilizers, alco 
hols, binders, controlled release polymers, enteric polymers, 
disintegrants, excipients, colorants, flavorants, Sweeteners, 
antioxidants, preservatives, pigments, additives, fillers, Sus 
pension agents, Surfactants (e.g., anionic, cationic, ampho 
teric and nonionic), and the like. Various FDA-approved 
topical inactive ingredients are found at the FDA’s “The 
Inactive Ingredients Database' that contains inactive ingre 
dients specifically intended as such by the manufacturer, 
whereby inactive ingredients can also be considered active 
ingredients under certain circumstances, according to the 
definition 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 prod 
uct formulation. 
As used herein, the injectable and infusion dosage forms 

include, but are not limited to, a liposomal injectable, which 
either consists of or forms liposomes (a lipid bilayer vesicle 
usually composed of phospholipids which is used to encap 
Sulate an active drug Substance). An injection, which 
includes a sterile preparation intended for parenteral use: 
five distinct classes of injections exist as defined by the USP 
is also suitable. An emulsion injection, which includes an 
emulsion consisting of a sterile, pyrogen-free preparation 
intended to be administered parenterally or a lipid complex 
injection are also suitable. 

Other forms include a powder for solution injection, 
which is a sterile preparation intended for reconstitution to 
form a solution for parenteral use: a powder for Suspension 
injection that is a sterile preparation intended for reconsti 
tution to form a Suspension for parenteral use; a powder 
lyophilized for liposomal Suspension injection, which is a 
sterile freeze dried preparation intended for reconstitution 
for parenteral use which has been formulated in a manner 
that would allow liposomes (a lipid bilayer vesicle usually 
composed of phospholipids which is used to encapsulate an 
active drug Substance, either within a lipid bilayer or in an 
aqueous space) to be formed upon reconstitution; a powder 
lyophilized for Solution injection, which is a dosage form 
intended for the solution prepared by lyophilization (“freeze 
drying'), a process which involves the removal of water 
from products in the frozen state at extremely low pressures. 

This is intended for subsequent addition of liquid to create 
a solution that conforms in all respects to the requirements 
for injections; a powder lyophilized for Suspension injection 
being a liquid preparation, intended for parenteral use that 
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14 
contains solids Suspended in a suitable fluid medium and 
conforms in all respects to the requirements for Sterile 
Suspensions; the medicinal agents intended for the Suspen 
sion are prepared by lyophilization (“freeze drying'), a 
process which involves the removal of water from products 
in the frozen state at extremely low pressures; a solution 
injection being a liquid preparation containing one or more 
drug Substances dissolved in a Suitable solvent or mixture of 
mutually miscible solvents that is suitable for injection; a 
Solution concentrate injection being a sterile preparation for 
parenteral use which, upon the addition of Suitable solvents, 
yields a Solution conforming in all respects to the require 
ments for injections. 
A Suspension injection comprises a liquid preparation, 

suitable for injection, which consists of solid particles dis 
persed throughout a liquid phase in which the particles are 
not soluble that can also consist of an oil phase dispersed 
throughout an aqueous phase, or Vice-versa. A Suspension 
liposomal injection comprises a liquid preparation, Suitable 
for injection, which consists of an oil phase dispersed 
throughout an aqueous phase in Such a manner that lipo 
Somes (a lipid bilayer vesicle usually composed of phos 
pholipids which is used to encapsulate an active drug 
Substance, either within a lipid bilayer or in an aqueous 
space) are formed. A Suspension Sonicated injection com 
prises a liquid preparation, Suitable for injection, which 
consists of Solid particles dispersed throughout a liquid 
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 microspheres 
by the solid particles. 
The parenteral carrier system includes one or more phar 

maceutically suitable excipients, such as solvents and co 
Solvents, Solubilizing agents, wetting 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 Suit 
able for parenteral administration conveniently comprise a 
sterile oily or aqueous preparation of the active ingredient 
which is preferably isotonic with the blood of the recipient. 
As used herein, inhalation dosage forms include, but are 

not limited to, aerosol being 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 (lingual 
and Sublingual aerosols), or lungs (inhalation aerosols); 
foam aerosol being a dosage form containing one or more 
active ingredients, Surfactants, aqueous or nonaqueous liq 
uids, and the propellants, whereby if the propellant is in the 
internal (discontinuous) phase (i.e., of the oil-in-water type), 
a stable foam is discharged, and if the propellant is in the 
external (continuous) phase (i.e., of the water-in-oil type), a 
spray or a quick-breaking foam is discharged, metered 
aerosol being a pressurized dosage form consisting of 
metered dose valves which allow for the delivery of a 
uniform quantity of spray upon each activation, powder 
aerosol being a product that is packaged under pressure and 
contains 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 agents in aqueous 
Solvents. 
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As used herein, transdermal dosage forms include, but are 
not limited to, a patch being a drug delivery system that 
often contains an adhesive backing that is usually applied to 
an external site on 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, reservoir and others 
known in the art. 
As used herein, topical dosage forms include various 

dosage forms known in the art such as lotions (an emulsion, 
liquid dosage form, whereby this dosage form is generally 
for external application to the skin), lotion augmented (a 
lotion dosage form that enhances drug 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 par 
ticles) and ointments (a semisolid dosage form, usually 
containing 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 applica 
tion to the skin or mucous membranes). 

Ointment augmented (an ointment dosage form that 
enhances drug delivery, whereby augmentation does not 
refer to 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 
vehicle, whereby this dosage form is generally for external 
application to the skin or mucous membranes. Cream aug 
mented (a cream dosage form that enhances drug delivery, 
whereby augmentation does not refer to the strength of the 
drug in the dosage form), emulsions (a dosage form con 
sisting of a two-phase system comprised of at least two 
immiscible liquids, one of which is dispersed as droplets, 
internal or dispersed phase, within the other liquid, external 
or continuous phase, generally stabilized with one or more 
emulsifying agents, whereby emulsion is used as a dosage 
form term unless a more specific term is applicable, e.g. 
cream, lotion, ointment), Suspensions (a liquid dosage form 
that contains solid particles dispersed in a liquid vehicle), 
Suspension extended release, pastes (a semisolid dosage 
form, containing a large proportion, 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, homogeneous liquid dosage 
form that contains one or more chemical Substances dis 
solved in a solvent or mixture of mutually miscible sol 
vents), and powders are also Suitable. 

Jellies (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 
liquid in which the structural coherent matrix contains a 
high portion of liquid, usually water) and films (a thin layer 
or coating), including film extended release (a drug delivery 
system in the form of a film that releases the drug over an 
extended period in Such a way as to maintain constant drug 
levels in the blood or target tissue) and film soluble (a thin 
layer or coating which is Susceptible to being dissolved 
when in contact with a liquid) are also Suitable. 

Patches (a drug delivery system that often contains an 
adhesive backing that is usually applied to an external site on 
the body, whereby its ingredients either passively diffuse 
from, or are actively transported from, Some portion of the 
patch, whereby depending upon the patch, the ingredients 
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are either delivered to the outer surface of the body or into 
the body, and whereby a patch is sometimes synonymous 
with the terms extended release film and system), 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 presented as a 
conventional dosage form, e.g., a solution or a prompt 
drug-releasing, conventional Solid dosage form), patch 
extended release electronically controlled (a drug delivery 
system in the form of a patch which is controlled by an 
electric current that releases the drug in Such a manner that 
a reduction in dosing frequency compared to that drug 
presented as a conventional dosage form, e.g., a solution or 
a prompt drug-releasing, conventional Solid dosage form), 
and the like. The various topical dosage forms may also be 
formulated as immediate release, controlled release, Sus 
tained release, or the like. 
The topical dosage form composition contains an active 

pharmaceutical ingredient and one or more inactive phar 
maceutical ingredients such as excipients, colorants, pig 
ments, additives, fillers, emollients, Surfactants (e.g., 
anionic, cationic, amphoteric and nonionic), penetration 
enhancers (e.g., alcohols, fatty alcohols, fatty acids, fatty 
acid esters and polyols), and the like. Various FDA-ap 
proved topical inactive ingredients are found at the FDA's 
“The Inactive Ingredients Database' that contains inactive 
ingredients specifically intended as Such by the manufac 
turer, whereby inactive ingredients can also be considered 
active ingredients under certain circumstances, according to 
the definition 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 formulation. 

EXAMPLES 

The following examples are presented for illustrative 
purposes only, and are not intended to limit the scope of the 
present invention in any way. The examples illustrate that 
2MD, an analog of 1.25(OH),D, originally thought to be 
important in prevention and treatment of osteoporosis, is 
also important in preventing and treating secondary hyper 
parathyroidism and its accompanying symptoms in a patient 
in need thereof including a patient previously treated with a 
calcimimetic. 

Title: 2MD, A New Treatment for Secondary Hyperpara 
thyroidism: A Phase 2B, Double-Blind, Randomized, Pla 
cebo-Controlled Study in Hemodialysis Patients 

Reference is made to “2MD, A New Treatment for Sec 
ondary Hyperparathyroidism: A Phase 2B, Double-Blind, 
Randomized, Placebo-Controlled Study in Hemodialysis 
Patients, Hector F. DeLuca, Julia B. Zella, Danielle C. 
Knutson, Lori A. Plum, and Margaret Clagett-Dame, Poster 
Presentation at the 2014 American Society of Nephrology, 
Kidney Week Meeting, November 2014. 

Background 
Secondary hyperparathyroidism (SHPT) has been suc 

cessfully managed with the use of active vitamin D analogs 
(AVDs) alone, or with the addition of a calcimimetic (CM). 
However, both classes of compounds have drawbacks. 
Hypercalcemia is of concern when AVDs are used, while 
CMS can cause hypocalcemia and have compliance issues 
because of nausea and vomiting. A novel, highly potent AVD 
(2-methylene-19-nor-(20S)-1C,25-dihydroxyvitamin D3, 
2MD or DP001) specifically targets the parathyroid glands 
and bone and is being developed for the treatment of SHPT 
in patients on hemodialysis. 



US 9,539,264 B2 
17 

Study and Results 
Dose Selection. 
A Phase 2A, open-label, dose-ranging study of DP001 in 

hemodialysis patients was conducted to determine a starting 
dose of DP001 for the Phase 2B, randomized, placebo- 5 
controlled study described in this Example. Given orally 3 
times weekly for 4 weeks, DP001 suppresses PTH in dialy 
sis patients in a dose-dependent fashion without changing 
serum calcium. (See FIGS. 1 and 2). Based on the results in 
FIGS. 1 and 2, an efficacious and safe starting dose of 440 10 
ng was chosen. Data are presented as meantSEM. Plasma 
iPTH levels were measured using the Immulite Intact iPTH 
Assay from Siemens Healthcare Diagnostics. 

Eligibility Criteria. 
Subjects in the study met the following eligibility criteria: 15 

men and non-pregnant women a 18 years of age; exhibiting 
end stage renal disease (ESRD) or chronic kidney disease 
(CKD) stage 5 (GFR<15 mL/min/1.73 m)) and on hemo 
dialysis 3x/week >3 months; prior active vitamin D use 
required; prior cinacalcet use allowed but not required; first 20 
screen: Cas 10.5 mg/dL, Ps7.0 mg/dL, iPTHss00 pg/mL.; 
final screen: Cas'9.8 mg/dL, PsG.5 mg/dL, iPTH>300 pg 
mL: vitamin D, or D, limited to s4000 IU/day (or equiva 
lent); P binders allowed but class must stay consistent; and 
no severe heart or liver problems, active malignancies or 25 
infections, calciphylaxis, or PTx. 

Study. 
Subjects were administered DP001 (2MD) or placebo 

accordingly the study schema of FIG. 3. Subject disposition 
is illustrated in FIG. 4. As indicated, 129 subject were 30 
screened. Of these, 62 were enrolled and 67 were screen 
failures. Of the 62 enrollees, 28 were administered a placebo 
and 34 were administered DP001 (440 ng, 3x/wk for up to 
12 weeks). Of the 28 enrollees who were administered the 
placebo, 22 completed the 12 week study and 6 discontinued 35 
for reasons illustrated. Of the 34 enrollees who were admin 
istered DP001, 31 completed the 12 week study and 3 
discontinued for reasons illustrated. 

Demographics and Baseline Characteristics. 
The demographics and baseline characteristics of the 40 

subjects enrolled in the study are presented in FIG. 5. 
Primary Efficacy Endpoint. 
The primary efficacy endpoint was the proportion of 

subjects who achieved two consecutive >30% decrease from 
his/her Averaged Baseline iPTH level during the 12-week 45 
treatment period. (See FIG. 6). Pre-dialysis serum iPTH 
levels were measured using the Access Intact iPTH Assay 
from Beckman Coulter (p<0.0001, Fisher's exact test). 

Secondary Efficacy Endpoint. 
The secondary efficacy endpoint was the mean percentage 50 

change in serum iPTH from the Averaged Baseline value to 
the average of the last 2 on-treatment values. Data are 
presented in FIG. 7 as meaniSEM. p<0.0001, One-way 
ANOVA 
DP001 Alone Lowers iPTH in CKD-5D Patients Previ- 55 

ously on Cinacalcet. 
As illustrated in FIG. 8, DP001 (2MD) effectively 

reduced PTH levels in subject previously being treated with 
an active vitamin D analogue (AVD) and a calcimimetic 
(CM) in the form of cinacalcet. 60 

Safety Results—Endpoints. 
Safety results and endpoints are presented in FIG. 9. Of 

the 14 subjects that reached the safety threshold for PTH, 6 
had been dose-adjusted downward following an upward 
adjustment, Suggesting insufficient time was allotted for 65 
PTH levels to respond to DP001 (2MD). The remaining 8 
Subjects were only dose-adjusted downward, indicating a 
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starting dose lower than 440 ng would have been sufficient 
to suppress PTH. The corrected-serum calcium and phos 
phorus product safety threshold was surpassed in two 
patients that also had high serum phosphorus values at 
baseline (7.8 mg/dL and 9.4 mg/dL), Suggesting that phos 
phorus homeostasis was difficult to manage in these patients 
even before any exposure to DP001 (2MD). Only one 
patient receiving DP001 (2MD) had two consecutive cor 
rected serum calcium values >10.5 mg/dL. 

Safety Results—Adverse Events. 
Safety results and adverse events (AEs) are presented in 

FIG. 10. No serious adverse events (SAEs) were judged by 
the investigators to be related to DP001. 

SUMMARY AND CONCLUSIONS 

A novel analog (2MD or DP001) of calcitriol that selec 
tively targets the parathyroid gland is being developed for 
the treatment of secondary hyperparathyroidism (SHPT) in 
subjects having chronic kidney diseases stage 5 (CKD-5D). 
In the Phase 2B double-blind, placebo-controlled study, 3x 
weekly oral DP001 reduced serum iPTH by 46% in 78% of 
subjects by 12 weeks of treatment (p<0.0001), satisfying 
both primary and secondary endpoints. DP001 alone suc 
cessfully treats SHPT in patients previously taking a calci 
mimetic. There were no significant differences in adverse 
event reporting between treatment groups. Serum calcium 
values remained in the normal range, and changes in serum 
phosphorus were similar between Placebo and DP001 
groups. 

In the foregoing description, it will be readily apparent to 
one skilled in the art that varying substitutions and modifi 
cations may be made to the invention disclosed herein 
without departing from the scope and spirit of the invention. 
The invention illustratively described herein suitably may be 
practiced in the absence of any element or elements, limi 
tation or limitations which is not specifically disclosed 
herein. The terms and expressions which have been 
employed are used as terms of description and not of 
limitation, and there is no intention that in the use of Such 
terms and expressions of excluding any equivalents of the 
features shown and described or portions thereof, but it is 
recognized that various modifications are possible within the 
scope of the invention. Thus, it should be understood that 
although the present invention has been illustrated by spe 
cific embodiments and optional features, modification and/ 
or variation of the concepts herein disclosed may be resorted 
to by those skilled in the art, and that such modifications and 
variations are considered to be within the scope of this 
invention. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meanings as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. All publications and patents specifically 
mentioned herein are incorporated by reference in their 
entirety for all purposes including describing and disclosing 
the chemicals, instruments, statistical analyses and method 
ologies which are reported in the publications which might 
be used in connection with the invention. All references 
cited in this specification are to be taken as indicative of the 
level of skill in the art. Nothing herein is to be construed as 
an admission that the invention is not entitled to antedate 
such disclosure by virtue or prior invention. 

Citations to a number of references are made herein. The 
cited references are incorporated by reference herein in their 
entireties. In the event that there is an inconsistency between 
a definition of a term in the specification as compared to a 
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definition of the term in a cited reference, the term should be 
interpreted based on the definition in the specification. 

We claim: 
1. A method of treating secondary hyperparathyroidism or 

the symptoms thereof in a Subject having secondary hyper 
parathyroidism or at risk for developing secondary hyper 
parathyroidism, wherein the Subject previously was admin 
istered a calcimimetic to treat the secondary 
hyperparathyroidism, the method comprising administering 
a therapeutically effective amount of 2-methylene-19-nor 
(20S)-1C.25-dihydroxyvitamin D. or a pharmaceutically 
acceptable salt thereof to the subject wherein secondary 
hyperparathyroidism or the symptoms thereof are treated. 

2. The method of claim 1, wherein secondary hyperpara 
thyroidism is treated without inducing hypercalcemia in the 
Subject. 

3. The method of claim 1, wherein the therapeutically 
effective amount ranges from about 0.5 ng/kg to about 20 
ng/kg. 

4. The method of claim 1, wherein the therapeutically 
effective amount ranges from about 1.0 ng/kg to about 10 
ng/kg. 

5. The method of claim 1, wherein the subject is admin 
istered the therapeutically effective amount daily. 
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6. The method of claim 1, wherein the subject is admin 

istered the therapeutically effective amount three times per 
week. 

7. The method of claim 1, wherein the 2-methylene-19 
nor-(20S)-1C,25-dihydroxyvitamin D is formulated in an 
oral, topical, transdermal, parenteral, injection or infusion 
dosage form. 

8. The method of claim 1, wherein the subject has chronic 
kidney disease-stage 5 (CKD-5D) and is receiving hemodi 
alysis treatment. 

9. The method of claim 1, wherein the symptoms of 
secondary hyperparathyroidism are selected from the group 
consisting of elevated serum PTH, elevated serum phospho 
rus, and elevated serum creatinine. 

10. The method of claim 1, wherein after administering 
the therapeutically effective amount of 2-methylene-19-nor 
(20S)-1C.25-dihydroxyvitamin D to the subject, the subject 
is not administered any calcimimetic. 

11. The method of claim 1, further comprising adminis 
tering a therapeutically effective amount of a calcimimetic to 
the subject. 

12. The method of claim 1, wherein the therapeutically 
effective amount of the calcimimetic is administered con 
currently with the therapeutically effective amount of 
2-methylene-19-nor-(20S)-1C.25-dihydroxyvitamin D. 

k k k k k 


