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ABSTRACT

trials.
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Osteoporosis is a multifactorial progressive skeletal disorder characterized by reduced bone mass and deterioration of bone
microarchitecture. Fragility fractures, the consequence of osteoporosis, are responsible for excess mortality, morbidity, chronic pain,
admission to hospitals and economic costs. Approximately 1.6 million hip fractures occur each year worldwide, the incidence is set
to increase to 6.3 million by 2050. No treatment can completely reverse established osteoporosis. Currently available therapies
include bisphosphonates, SERMs, HRT, denosumab, teriperatide, calcitonin and strontium renelate. Cathepsin K inhibitors (balicatib
and odanacatib) are among recent drugs under development. Saracatinib is a novel orally available competitive inhibitor of Src
kinase shown to inhibit bone resorption in vitro. Lasofoxifene, bazedoxifene, and arzoxifene aren new SERMs in late-stage clinical

INTRODUCTION

steoporosis is a multifactorial progressive skeletal

disorder characterized by reduced bone mass and

deterioration of bone  microarchitecture,
predisposing it to increased fracture risk. Osteoporosis is
called a “silent disease” because it progresses without
symptoms and remains unnoticed for a long time as bone
resorption process in early stages is almost asymptomatic
and at later stages usually presents with a fracture due to
trivial trauma. * Fragility fractures, the consequence of
osteoporosis, are responsible for excess mortality,
morbidity, chronic pain, admission to institutions and
economic costs. They represent 80% of all fractures in
menopausal women over age 50. Patients with hip or
vertebral fractures have substantially increased risk of
death after the fracture. Approximately 1.6 million hip
fractures occur each year worldwide, the incidence is set
to increase to 6.3 million by 2050.2 According to a study,
20% of women and about 10-15% of men are
osteoporotic in India. ® Another estimate by a group of
experts suggests that 26 million Indians suffer from
osteoporosis, and this number is expected to reach 36
million by 2013.*

Current Pharmacological options for Osteoporosis

Currently, no treatment can completely reverse
established osteoporosis. Early intervention can prevent
osteoporosis in most people. For patients with
established osteoporosis, medical intervention can halt its
progression. Therapy should be individualized based on
each patient’s clinical scenario, with the risks and benefits
of treatment discussed between the clinician and patient.

Guidelines from the American Association of Clinical
Endocrinologists (AACE) °, published in 2010, include the
following recommendations for choosing drugs to treat
osteoporosis:

e First-line agents: alendronate, risedronate,

zoledronic acid, denosumab
e Second-line agent: ibandronate
e Second- or third-line agent: raloxifene (SERMs)
e Last-line agent: calcitonin

e Treatment for patients with very high fracture
risk or in whom bisphosphonate therapy has
failed: teriparatide.

BISPHOSPHONATES

These are the most commonly used drugs used to treat
osteoporosis. Alendronate was the first bisphosphonate
to be approved for treatment of osteoporosis in the US in
1995. Since that time, newer bisphosphonates with less
frequent dosing intervals have been introduced, partially
in an attempt to improve compliance. Risedronate is an
oral medication that can be administered daily, weekly, or
monthly at varying doses. Zoledronic acid is the newer
medication which is administered once yearly by
intravenous transfusion. Bisphosphonates bind to
hydroxyapatite crystals and thus have a very high affinity
for bone. Bisphosphonates are released from the bone
matrix upon exposure to acid and enzymes secreted by an
active osteoclast. Out of all bisphosphonates, zoledronic
acid has the highest affinity for binding to the bone
mineral matrix. Suppression of bone resorption occurs
within approximately three months of initiation of oral
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bisphosphonate therapy regardless of dosing frequency,
but it is more rapid after intravenous administration.
After three years of treatment, bisphosphonates have
shown to increase bone mineral density (BMD) of the hip
by 3%-6% and at the spine by 5%-8%. In women with
osteoporosis  zoledronic  acid, alendronate and
risedronate also reduced nonvertebral fractures by 25%-
40%, including hip fractures by 40%-60%. Zoledronic acid:
5 mg single i/v infusion annually, alendronate: 10mg/day
orally, ibandronate: 2.5 mg oral daily or 150 mg once
monthly, risedronate: 5 mg/day oral are commonly used
bisphosphonates. ®”

Orally administered bisphosphonates may cause
esphoagitis. It is recommended to swallow oral
bisphosphonates with full glass of plain water on arising
in the morning, remaining upright for at least 30 minutes
after swallowing the tablet and discontinuing the drug
promptly if esophageal symptoms develop. Rapid
intravenous administration of parenteral
bisphosphonates may cause renal toxicity. For patients
with creatinine clearance less than 30-35 mL/min, use of
parenteral bisphosphonates is not recommended. Other
concerns are risk of kidney damage and osteonecrosis of
Jaw (Zoledronic acid), atypical fractures, atrial
fibrillation.*"?

Selective estrogen receptor modulators

Selective estrogen receptor modulators (SERMs) are
nonsteroidal molecules that bind with high affinity to the
estrogen receptor (ER), and act as agonists or antagonists
depending on the target tissue. The ER agonistic effects of
SERMs in bone have proven to be important for the
treatment of osteoporosis in postmenopausal women.
Currently, raloxifene is the only SERM approved by the
U.S. Food and Drug Administration for prevention and
treatment of postmenopausal osteoporosis. Clinical
studies have clearly demonstrated the efficacy of
raloxifene in significantly reducing the risk of vertebral
fracture. Raloxifene is indicated for the treatment and
prevention of osteoporosis in postmenopausal women in
a dose of 60 mg given orally daily. It has been shown to
prevent bone loss, and data in females with osteoporosis
have demonstrated that raloxifene causes a 35%
reduction in the risk of vertebral fractures. An additional
benefit and indication is prevention of ER-positive breast

cancer. 1

RANK-Ligand Inhibition: Denosumab

Denosumab is a fully human monoclonal antibody that
binds with high affinityand specificity to the receptor
activator of nuclear factor-kB ligand (RANKL), a key
mediator of osteoclast formation, activity, and survival.
The inhibition of RANKL by denosumab reduces
osteoclast-mediated bone resorption. It is indicated for
the treatment of postmenopausal women with
osteoporoses who are at high risk of fracture, have
multiple risk factors for fracture, are intolerant to other
available  osteoporosis  therapies, or in  whom
osteoporosis therapies have failed. In postmenopausal
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women with osteoporosis, denosumab reduces the
incidence of vertebral, nonvertebral, and hip fractures.
Denosumab was approved by the US Food and Drug
Administration in June 2010. Approved dosage is 60 mg
given subcutaneously every 6 months. Several recent
studies have demonstrated the efficacy of this new
antiresorptive therapeutic class in terms of increasing
BMD, decreasing bone turnover markers (BTMs), and
most important, reducing fractures at vertebral, hip, and
other nonvertebral sites. ***’

CALCITONIN

Calcitonin acts on the calcitonin receptor on osteoclasts
to decrease their activity. Out of all recombinant or
synthetic calcitonins that have been used for medical
purposes, the salmon calcitonin preparation (SCT) is the
most widely used. SCT as a nasal spray is the most
commonly used calcitonin formulation due to its
convenience of administration. It is recommended in
conjunction with adequate calcium and vitamin D intake
to prevent the progressive loss of bone mass. The
intranasal spray is delivered as a single daily spray that
provides 200 U of the drug. It has reduced the incidence
of vertebral fractures in women with pre-existing
vertebral fractures. As a desirable additional effect,
calcitonin has been noted to reduce the pain of clinical
vertebral fractures. Calcitonin is an option for patients
who are not candidates for other available osteoporosis
treatments. Common side effects of nasally administered
calcitonin include nasal discomfort, rhinitis, irritation of
nasal mucosa, and occasional epistaxis. Nausea, local
inflammatory reactions at the injection site, sweating,
30nd flushing are side effects noted with parenteral use.'*

HORMONE REPLACEMENT THERAPY (HRT)

Hormone replacement therapy (HRT) was once
considered a first-line therapy for the prevention and
treatment of osteoporosis in women. Although HRT is not
currently recommended for the treatment of
osteoporosis, it is important to mention because many
osteoporosis patients in a typical practice still use it for
controlling postmenopausal symptoms. Data from the
Women's Health Initiative confirmed that HRT can reduce
fractures. However, the results of the Women's Health
Initiative were distressing with respect to the adverse
outcomes associated with combined estrogen and
progesterone therapy (eg, risks for breast
cancer, myocardial  infarction, stroke, andvenous
thromboembolic events) and estrogen alone (eg, risks for
stroke and venous thromboembolic events). 2

RECENT AND EMERGING DRUGS FOR OSTEOPOROSIS
Strontium ranelate

Strontium ranelate, a novel orally active agent, has been
developed for the treatment of osteoporosis. It consists
of two atoms of strontium and an organic moiety ranelic
acid. Strontium ranelate acts by both stimulating bone
formation and decreasing bone resorption. In vitro,
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strontium ranelate has been shown to increase
osteoblastic activity, including increasing collagen
synthesis and modulating the OPG/RANKL system in favor
of OPG, as well as decrease bone resorption by
decreasing osteoclast differentiation and resorbing
activity, and increasing osteoclast apoptosis. Strontium
ranelate is approved for the treatment of osteoporosis in
some countries in Europe. It reduces the risk of both
spine and nonvertebral fractures. Strontium is not
approved for the treatment of osteoporosis in the United
States. Dose is 2 g sachet nightly Taken at bedtime, mixed
with >30 mL of water at least 2 hours after food.
Strontium ranelate has rarely been associated with VTE
and severe hypersensitivity reactions, including Stevens-
Johnson syndrome and drug rash with eosinophilia and
systemic symptoms. Patients should be advised to seek
immediate medical advice if they develop a rash. %% %

Teriparatide

Teriparatide is a synthetic form of human parathyroid
hormone which acts by inhibiting bone resorption and
increasing bone formation. Normally in response to low
serum calcium, PTH is secreted from parathyroid glands,
and acts to increase the concentration of calcium in
serum by  mobilizing  calcium  from  bone.
Pharmacologically, ~when PTH is administered
intermittently at low doses, it has been shown to have
predominantly anabolic effects on osteoblasts. PTH
initiates bone formation first and only later promotes
bone formation, which is indicated by bone turnover
markers. Teriparatide is also indicated for use in men with
a high risk of fractures and where other treatments are
unsuitable. Following a course of teriparatide it is
recommended that patients use an antiresorptive
medicine (eg. a bisphosphonate) to further increase BMD
and maintain the antifracture effect. Dose is 20 g
subcutaneous injection daily in the thigh or abdomen.
Use is Restricted to 18 month lifetime exposure (caused
osteosarcoma in animal studies) informed consent is
required. Now days, transdermal teriperatide is also
under development. % %2’

Drugs under clinical development
e Cathepsin K inhibitors

Cathepsin K is critical for normal osteoclastic bone
resorption. The two agents which are under development
are balicatib (AAE581) and odanacatib (MK-0822). Clinical
trials with these agents have demonstrated increase in
hip and lumbar spine BMD, with a significant reduction in
bone resorption markers. A newer highly potent
cathepsin K inhibitor named relacatib is presently being
studied in experimental animals. %%

e Src Kinase Inhibitors

Src kinase is a non-receptor tyrosine kinase and a
member of the Src family of protein kinases which plays
an important role in activity and survival of osteoclast
cells. Osteopetrosis was caused in mouse due to Src
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inactivation; therefore it clearly indicated that Src is an
important requirement for osteoclastic bone resoption.
Saracatinib is a novel orally available competitive inhibitor
of Src kinase shown to inhibit bone resorption in vitro. In
a randomized, double-blind, placebo-controlled, multiple-
ascending- dose phase | trial treatment with saracatinib
inhibited osteoclast mediated bone resorption in healthy
men without any significant adverse effects. The results
of this study show that saracatinib has the potential to
become an agent for the treatment of osteoporosis. 3>

NEW SERMs
Lasofoxifene

Lasofoxifene is a non-steroidal SERM which is under
development for the prevention and treatment
of osteoporosis and for the treatment of vaginal atrophy.
In a dose of 0.5 mg/day, the dose that is intended for
clinical use, it was associated with a reduction in the risk
of ER-positive breast cancer, major coronary heart
disease events, and stroke, although the numbers of
these events were small in all groups. Lasofoxifene was
significantly associated with the risk of venous
thromboembolic events and pulmonary embolism. *

Bazedoxifene

Bazedoxifeneis a third generation
development the prevention and treatment of
postmenopausal osteoporosis. It is approved in
the European Union (marketed in Italy and Spain), and is
currently in the late phases of review by the US FDA.
Bazedoxifene's combination with conjugated
estrogens, Aprela, is currently undergoing Phase |lI
studies for the treatment of postmenopausal symptoms
(including  the prevention of postmenopausal
osteoporosis/treatment of osteopenia). 34

SERM) under

Inhibitors of Wnt signaling

The Wnt/B-catenin pathway regulates gene transcription
of proteins important for osteoblast function. Study of
the pathway has led to further discovery of inhibitors of
Wnt signaling secreted by osteocytes. These include
sclerostin and dickkopfl protein (DKK1), both of which
block binding of Wnt toLRP5 (lipoprotein receptor-like
protein 5), thereby inhibiting osteoblast stimulation.
Monoclonal antibodies designed to block the inhibiting
action of both sclerostin and DKK1 are being considered
for clinical trials based on promising results in animal
models. Because both of these molecules appear to be
secreted only by bone, it is hoped that they will have
fewer systemic adverse effects. Therapies targeted at
other molecules in the pathway, for example a small
molecule inhibitor of GSK3B, the enzyme which causes
degradation of B-catenin in the absence of Wnt signaling,
are considered less desirable targets due to their action in
many tissues in addition to bone. %

®

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

145



Int. J. Pharm. Sci. Rev. Res., 21(2), Jul — Aug 2013; n° 26, 143-147

REFERENCES

1.

10.

11.

12.

13.

14.

Lirani-Galvao AP, Lazaretti-Castro M. Physical approach
for prevention and treatment of osteoporosis, Arq Bras
Endocrinol Metabol, 54, 2010, 171-8.

Cooper C, Campion G and Melton LJ. Hip fractures in the
elderly: a world-wide projection, Osteoporos Int, 2, 1992,
285-9.

Malotra N , Mithal A. Osteoporosis in Indians, Indian J
Med Res, 127, 2008, 263-8

The Asian Audit Epidemiology, costs and burden of
osteoporosis in Asia  2009. Available  from
www.iofbonehealth.org/ download/osteofound/pdf.
Accessed on 08-06-2013.

Watts NB, Bilezikian JP, Camacho PM, Greenspan
SL, Harris  ST,Hodgson SF, Kleerekoper M, Luckey
MM, McClung MR, Pollack RP, Petak SM. American
Association of Clinical Endocrinologists Medical Guidelines
for Clinical Practice for the diagnosis and treatment of
postmenopausal osteoporosis, Endocr Pract, 16 (Suppl 3),
2010, 1-37.

Watts N.B, Diab D.L. Long-term use of bisphosphonates in
osteoporosis, J Clin Endocrinol Metab, 95, 2010, 1555-65.

Drake MT, Clarke BL, Khosla S. Bisphosphonates:
mechanism of action and role in clinical practice, Mayo
Clin Proc, 83, 2008, 1032-45.

Papapetrou PD. Bisphosphonate-associated adverse
events, Hormones 8, 2009, 96-110.

Marx RE. Pamidronate (Aredia) and Zoledronate (Zometa)
induced avascular necrosis of the jaws: a growing
epidemic, J Oral Maxillofac Surg, 61, 2003, 1238-1239.

Khosla S, Burr D, Cauley J. Bisphosphonate-associated
osteonecrosis of the jaw: report of a task force of the
American Society for Bone Na Mineral Research, Editorial,
JBone Min Res, 22, 2007, 1479-91.

Heckhert SR, Li G, Cummings SR, Smith NL, Psaty BM. Use
of alendronate and risk of incident atrial fibrillation in
women, Arch Intern Med, 168, 2008, 826-31.

Sorensen HT, Christensen S, Mehnert F, Pedersen
L, Chapurlat RD, Cummings SR, Baron JA. Use of
bisphosphonates among women and risk of atrial
fibrillation and flutter: population based case-control
study, BMJ, 336, 2008, 813-6.

Ettinger B, Black DM, Mitlak BH, Knickerbocker
RK, Nickelsen T, Genant HK, Christiansen  C, Delmas
PD, Zanchetta JR, Stakkestad J,Gluer CC, Krueger K, Cohen
FJ, Eckert S,Ensrud KE, Avioli LV, Lips P, Cummings SR.
Reduction of vertebral fracture risk in postmenopausal
women with osteoporosis treated with raloxifene: results
from a 3-year randomized clinical trial, JAMA, 282, 1999,
637-45.

Cauley JA,Norton L,Lippman ME, Eckert S, Krueger
KA, Purdie DW, Farrerons J, Karasik A, Mellstrom D, Ng
KW, Stepan JJ, Powles TJ, Morrow M, Costa A, Silfen
SL, Walls EL, Schmitt H, Muchmore DB, Jordan VC, Ste-
Marie LG. Continued breast cancer risk reduction in
postmenopausal women treated with raloxifene: 4-year
results from the MORE trial. Multiple outcomes of

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

ISSN 0976 — 044X

raloxifene evaluation, Breast Cancer Res Treat, 65, 2001,
125-34.

Barrett-Connor E, Grady D, Sashegyi A, Anderson PW, Cox
DA, Hoszowski K, Rautaharju P, Harper KD. Raloxifene and
cardiovascular events in osteoporotic postmenopausal
women: four-year results from the MORE (Multiple
Outcomes of Raloxifene Evaluation) randomized trial,
JAMA, 287, 2002, 847-57.

Cummings SR, San Martin J, McClung MR, Siris ES, Eastell
R, Reid IR, Delmas P, Zoog HB, Austin M, Wang A, Kutilek
S, Adami S,Zanchetta J, Libanati C, Siddhanti
S, Christiansen C. Denosumab for prevention of fractures
in postmenopausal women with osteoporosis, N Engl J
Med, 61, 2009, 756-65.

Smith MR, Egerdie B, Hernandez Toriz N. Denosumab in
men receiving androgen deprivation therapy for prostate
cancer, N Engl J Med, 361, 2009, 745-55.

Overgaard K. Effect of intranasal salmon calcitonin
therapy on bone mass and bone turnover in early
postmenopausal women: a doseresponse study, Calcif
Tissue Int, 55, 1994, 82-6.

Chesnut CH, Silverman S, Andriano K, Genant H, Gimona
A, Harris S. A randomized trial of nasal spray salmon
calcitonin in postmenopausal women with established
osteoporosis: the prevent recurrence of osteoporotic
fractures study, PROOF Study Group, Am J Med, 109,
2000, 267-76.

Chesnut CH 3rd, Majumdar S, Newitt DC, Shields A, Van
Pelt ], Laschansky E,Azria M, Kriegman A, Olson
M, Eriksen EF, Mindeholm L. Effects of salmon calcitonin
on trabecular microarchitecture as determined by
magnetic resonance imaging: results from the QUEST
study, J Bone Miner Res, 20, 2005, 1548-61.

Rossouw  JE, Anderson GL, Prentice RL, LaCroix
AZ, Kooperberg C, Stefanick ML, Jackson RD, Beresford
SA, Howard BV, Johnson KC, Kotchen JM, Ockene J. Risks
and benefits of estrogen plus progestin in healthy
postmenopausal women: principal results From the
Women's Health Initiative randomized controlled trial,
JAMA, 288, 2002, 321-33.

Reginster JY, Felsenberg D, Boonen S. Effects of long-term
strontium ranelate treatment on the risk of nonvertebral
and vertebral fractures in postmenopausal osteoporosis:
results of a five-year, randomized, placebocontrolled trial,
Arthritis Rheum, 58, 2008, 1687-95.

Neuprez A, Hiligsmann M, Scholtissen S, Bruyere O,
Reginster JY. Strontium ranelate: the first agent of a new
therapeutic class in osteoporosis, Adv Ther, 25, 2008,
1235-56.

Meunier PJ, Slosman DO, Delmas PD, Sebert JL, Brandi
ML, Albanese C. Strontium ranelate: dose- dependent
effects in established postmenopausal vertebral
osteoporosis a 2-year randomized placebo controlled trial,
J Clin Endocrinol Metab, 87, 2002, 2060-6.

Deal C, Omizo M, Schwartz EN, Eriksen EF, Cantor P, Wang
J, Glass EV, Myers SL, Krege JH. Combination teriparatide
and raloxifene therapy for postmenopausal osteoporosis:
results from a 6-month double-blind placebo-controlled
trial, JBone Miner Res, 20, 2005, 1905-11.

®

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

146



Int. J. Pharm. Sci. Rev. Res., 21(2), Jul — Aug 2013; n° 26, 143-147

26.

27.

28.

29.

30.

Finkelstein JS, Wyland JJ, Leder BZ. Effects of teriparatide
retreatment in osteoporotic men and women, J Clin
Endocrinol Metab, 4, 2009, 2495-50.

Gates BJ, Sonnett TE, DuVall CA, Dobbins EK. Review of
osteoporosis pharmacotherapy for geriatric patients, AmJ
Geriatr Pharmacother, 7, 2009, 293-323.

Zhao Q, Jia Y, Xiao Y. Cathepsin K: a therapeutic target for
bone diseases, Biochem Biophys Res Commun, 380, 2009,
721-23.

Podgorski I. Future of anticathepsin K drugs: dual therapy
for skeletal disease and atherosclerosis? Future Med
Chem, 1, 2009, 21-34.

Hannon RA, Clack G, Rimmer M, Swaisland A, Lockton
JA, Finkelman RD, Eastell R. Effects of the Src kinase
inhibitor saracatinib (AZD0530) on bone turnover in
healthy men: a randomized, doubleblind, placebo-
controlled, multiple ascending dose phase | trial, J Bone
Miner Res, 25, 2010, 463-71.

31

32.

33.

34.

35.

ISSN 0976 — 044X

Horne WC, Sanjay A, Bruzzaniti A, Baron R. The role(s) of
Src kinase and Cbl proteins in the regulation of osteoclast
differentiation and function, Immunol Rev, 208, 2005,
106-25.

Soriano P, Montgomery C, Geske R, Bradley A. Targeted
disruption of the c-src proto-oncogene leads to
osteopetrosis in mice, Cell, 64, 1991, 693-702.

Cummings SR, Ensrud K, Delmas PD, LaCroix AZ, Vukicevic
S,Reid DM, Goldstein S, Sriram U, Lee A, Thompson
J, Armstrong  RA,Thompson DD, Powles T, Zanchetta
J,Kendler D,Neven P, Eastell R, the PEARL Study
Investigators. "Lasofoxifene in Postmenopausal Women
with Osteoporosis”, N Engl J Med, 362, 2010, 686-696.

Biskobing, D. M. "Update on bazedoxifene: A novel
selective  estrogen receptor modulator”, Clinical
interventions in aging, 2, 2007, 299-303.

Baron R, Rawadi G. Targeting the Wnt/beta-catenin
pathway to regulate bone formation in the adult skeleton,
Endocrinol, 148, 2007, 2635-43.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

147



