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New Antiresorptive Therapies for Postmenopausal
Osteoporosis

Hee-Jeong Choi

Department of Family Medicine, Eulji University School of Medicine, Daejeon, Korea

Osteoporosis is a systemic skeletal disease whose risk increases with age and it is common among postmenopausal women.
Currently, almost all pharmacological agents for osteoporosis target the bone resorption component of bone remodeling activity.
Current antiresorptive agents are effective, but the effectiveness of some agents is limited by real or perceived intolerance, long-
term adverse events (AEs), coexisting comorbidities, and inadequate long-term adherence. New antiresorptive therapies that may
expand options for the prevention and treatment of osteoporosis include denosumab, combination of conjugated estrogen/
bazedoxifene and cathepsin K inhibitors. However, the long-term efficacy and AEs of these antiresorptive therapies need to be

confirmed in studies with a longer follow-up period. (J Menopausal Med 2015;21:1-11)
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Introduction

Osteoporosis is a systemic skeletal disease whose risk
increases with age and it is common among postmenopausal
women, Because of reduced bone mineral density (BMD)
and weakened bone structure, osteoporosis decreases
bone resistance to low—energy trauma and increases
bone fragility and fracture risk, The goal of osteoporosis
treatment is to prevent fractures, Currently, almost all
pharmacological agents for osteoporosis target the bone
resorption component of bone remodeling activity, The only
anabolic agent currently available is teriparatide, Current
antiresorptive agents are effective, but the effectiveness
of some agents is limited by real or perceived intolerance,
long—term adverse events (AEs), coexisting comorbidities,
and inadequate long—term adherence, This review aims
at providing an overview of the shortly after available or

investigated new antiresorptive agents for osteoporosis,

Receptor Activator of Nuclear Factor-
Kappa B (RANK) Ligand (RANKL)
Inhibitor, Denosumab

RANKL is a cytokine essential for osteoclast differen—
tiation, activation and survival, RANKL accelerates osteo—
clastogenesis when it binds to its receptor, RANK on the
osteoclast surface, These actions can be blocked by a
decoy receptor, osteoprotegerin (OPG) which is produced
by osteoblasts and stromal cells, Denosumab is a human
monoclonal antibody that binds RANKIL, which selectively
inhibits osteoclastogenesis, being recently approved for the
treatment of postmenopausal osteoporosis in women at a
high or increased risk of fracture by the Food and Drug
Administration (FDA) in the U,S and by the European
Medicines Agency in Europe since June 2010.* Denosumab
is administered by subcutaneous (SC) injection and 60 mg

once every 6 months and may be injected in the upper arm,
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upper thigh or the abdomen,’ Denosumab inhibits numerous
aspects of osteoclast differentiation and function by
inhibiting the intracellular signal pathways that are activated
by the RANKL/RANK binding, which results in decreased
fractures and increased BMD,* RANKL presents ubiquitously
throughout many tissues including cells of immune system
such as activated T cells and B cells_5 Since denosumab
specifically binds RANKL, however, it is less likely to affect
the immune system or other regulatory systems, Moreover,
denosumab does not have the potential for autoimmunization
against vital regulatory proteins and is characterized by a

longer half—life which permits less frequent dosing.’

1. Pharmacokinetics and metabolism

The pharmacokinetics of denosumab is nonlinear with
dose.” Studies with similar IgG antibodies showed that
SC denosumab is absorbed by the lymphatic system
with subsequent drainage into the vascular system, The
bioavailability is about 50% to 100%, The clearance is
probably by the reticuloendothelial system and no significant
amount of denosumab seems to be filtered and excreted by
the kidneys, SC administration is characterized by 3 stages:
a prolonged absorption phase with the maximum serum
concentration (at 5 to 21 days post—dose); a long duration
phase with half—life of a maximum of 32 days; a rapid
terminal phase when serum concentration is lower than
1000 ng/mL, The magnitude of the initial response was
similar among the doses, although the duration of the effect

was dose—dependent, °

2. Clinical studies on postmenopausal osteoporosis

1) Phase 3 studies

Fracture Reduction Evaluation of Denosumab in
Osteoporosis Every 6 Months (FREEDOM) randomized
7,668 postmenopausal women with osteoporosis into
2 groups: placebo or SC denosumab 60 mg/6 months,*
Primary endpoint was a reduction in the incidence of new
vertebral fractures in a 3—years period, Secondary endpoints
were reduction in hip and other nonvertebral fractures
and changes in BMD and bone turnover markers (BTMs),
Denosumab group presented a 68% reduction in new

vertebral fracture risk compared to placebo group (2.3% vs,
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7.2%, P < 0,0001), 40% reduction in the hip fracture (0,7%
denosumab vs, 1,2% placebo; P = 0.036), and 20% reduction
in the nonvertebral fracture risk (6,5% denosumab vs, 8.0%
placebo; P = 0,011), Denosumab group showed a significantly
increase in BMD at all sites including forearm, Over 3 years,
the number needed to treat (NNT) to prevent one new
vertebral and one hip fracture were 21 and 232, respectively,
Absolute risk reduction was greater in women with multiple
risk factors, such as prior fracture plus low baseline femoral
neck BMD.® This study was extended for 2 years with all
patients (n = 4,550) switched to open—label denosumab,
Data suggest that 5 years of treatment leads to continued
protection from vertebral and non—vertebral fractures, There
were additional gains in BMD at the lumbar spine and total
hip, resulting in 5—year gains of 13,7% and 7%, respectively,
In patients who crossed over to denosumab from the placebo
group, findings at 2 years were similar to those in the group
originally randomized to denosumab.” A post—hoc analysis
of data from the FREEDOM study revealed that 3 years of
treatment of denosumab significantly reduced the risk of
hip fractures in subjects aged 75 years.® Similarly, a recent
subgroup analysis of the same trial showed that the effect
of denosumab treatment on reduction in risk of vertebral
and nonvertebral fractures was similar in subjects older or

younger than 75 years of age.'

2) Head-to-head comparison with alendronate

Determining Efficacy. Comparison of Initiating Denosumab
vs, Alendronate (DECIDE) was a non—inferiority study to
compare the effects of denosumab and alendronate on BMD
and BTMs in naive postmenopausal women (n = 1,189) with
low BMD (T—score of lumbar spine or total hip less than
—2,0),11 BMD gains at all measured skeletal sites and BTMs
reduction were significantly greater with the denosumab
group (8.5% denosumab vs, 2.6% alendronate; P < 0,0001)
compared to the alendronate group after 12 months of

treatment,

3) Transitioning from alendronate to denosumab
Study of Transitioning from Alendronate to Denosumab
(STAND), a study of postmenopausal women (n = 504)
with low BMD (T—scores between —2.0 and —4.0) who

had been receiving alendronate for at least 6 months
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were randomized assigned to switch to denosumab or to
continue alendronate,” At 12 months, there were small but
significantly greater gains in BMD in the denosumab group
at all skeletal sites measured, along with greater reduction

in BTMs compared to the alendronate group,

4) Denosumab in patients with renal impairment

Phase 1 study was conducted to evaluate the pharma-—
cokinetics, pharmacodynamics and safety of a single dose of
60 mg SC denosumab in 55 patients with different degree of
renal function,® Results showed that the renal impairment
did not affect the pharmacokinetics and pharmacodynamics,
and no dose adjustment is necessary in impaired renal
function, However, about 30% of patients with severe
renal function and hemodialysis showed symptomatic

hypocalcemia,

5) Effects of discontinuing denosumab on BMD
and levels of BTM

For 256 postmenopausal women, 60 mg denosumab or
a placebo was administered every 6 months for 2 years,
followed by 2 years of discontinued treatment," Denosumab
discontinuation resulted in a decline in BMD at all sites
during the first 12 month, followed by BMD stabilization
during the next 12 months, After this 4—year period, the
denosumab group maintained a higher BMD than the
placebo group, Levels of BTMs were increased above baseline
within 3 to 6 months of the initial 2—year treatment period,
By the end of the 4—year period, the levels of the BTMs had
returned to baseline, The effects of denosumab were fully
reversible over this time span, with no deleterious effect on

. 15
bone micro—structure,

6) Patient-focused perspectives

Denosumab Adherence, Preference, Satisfaction (DAPS)
study evaluated patient perspectives with SC denosumab 60
mg every 6 months compared with oral alendronate 70 mg
weekly in 250 women with postmenopausal osteoporosis,'®
Adherence was significantly greater with denosumab than
alendronate (87.3% vs, 76.6%). Subject ratings for treatment
preference and satisfaction were also significantly higher for

denosumab than alendronate,

3. Safety

In osteoporosis clinical trials, denosumab was generally
safe and well tolerated, Overall, there were no significant
differences between subjects who received denosumab and
those who received placebo in the total incidence of AEs,
serious AEs, or discontinuation of treatment because of AEs,
Safety concerns with denosumab use include infections,
cancer, skin reactions, hypocalcemia, osteonecrosis of the

jaw (ONJ), and atypical femur fractures,

1) Infections, cancer and skin reactions

The major safety concerns with denosumab have been the
potential risks for infection and malignancy because of the
ubiquitous presence of RANKL throughout many tissues,
including cells of the immune system such as activated T
lymphocytes and B cells.” In the FREEDOM study, there
was no increase in the overall risk of infection or cancer;
however, serious AEs of cutaneous infections such as
cellulitis and erysipelas, occurred more in the denosumab
group (<0.1% vs, 0.3%, P = 0.002)." Dermatological AEs
such as dermatitis, eczema and rashes also occurred at a
significantly higher rate (8,2% vs, 10.8%, P < 0,0001) in the
denosumab group.* In a post—hoc analysis of this study,
serious AEs of infection such as skin, gastrointestinal, ear,
urinary and cardiac valvular infection, were numerically
higher in the denosumab group although the number of
events was small and the differences between groups were
not statistically significant,'” The heterogeneous and no
clear clinical pattern suggests that a relationship to time or
duration of exposure to denosumab arguing against a causal
relationship."” Finally, infectious events did not increase
with long—term treatment of denosumab in the FREEDOM

extension study.’

2) Hypocalcemia

The FDA label includes a caution about the possibility of
hypocalcemia after denosumab administration, Also, there
have been post—marketing reports of severe, symptomatic

. 1820
hypocalcemia after denosumab injection,

It is important
to ensure that patients maintain an adequate calcium and
vitamin D supplementation, especially with conditions that
predispose to hypocalcemia, such as chronic kidney disease

or malabsorption syndrome, Denosumab should not be
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given to patients with preexisting hypocalcemia until it is

corrected,

3) ONJ

The FREEDOM study reported no case of ONJ in either
denosumab or placebo group.’ However, there have been
eight adjudicated cases of ONJ in the FREEDOM extension
study in the crossover and long—term groups.*’ There has
also been a low but similar incidence of ONJ in the oncology
trials using monthly denosumab vs, monthly zoledronic acid
(1.8% vs, 1.8% over 3 years ‘21 Good oral hygiene and regular

dental visits should be recommended for everyone,

4) Atypical femur fractures

To date there have been two cases of atypical subtro—
chanteric femur fractures reported in the denosumab
osteoporosis clinical trials as well as reports of unusual
fractures with denosumab use.” It is important to note
that these fractures can occur in patients who are no on
any antiresorptive treatment for osteoporosis, and further
studies on long—term treatment are needed to evaluate the
possible occurrence of atypical femur fractures with the use

of denosumab,

5) Cardiovascular disease

The effect of denosumab on vascular calcification
is controversial, Preclinical models suggest that OPG
has a possible protective role in the process of arterial
calcification.”® ™ On the other hand, several studies in
humans have suggested that OPG may be involved in
the onset and progression of coronary artery disease
and cardiovascular mortality,”* ™ On the other hand,
hypercholesterolemia was reported as an AE in 7,2% of
patients on denosumab in the FREEDOM study (vs, 6.1%
placebo, nasal spray [NS]) although this was not statistically
significant, Ultimately, there was no increase in the overall
risk of cardiovascular disease in the denosumab group in

both the FREEDOM study and its extension study,™’

4, Differences between denosumab and the bis-
phosphonates (BPs)
Denosumab blocks osteoclasts formation, function and

survival while BPs cause loss of resorptive function but
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disabled osteoclast may persist, Denosumab exerts its effect
from within the extracellular fluid and does not bind to
bone tissues,” Denosumab induces more rapid and greater
reduction in bone remodeling and has rapid and completely
reversible offset of action at about 6 Inonths‘14 Denosumab
shows greater increase in BMD and positive effects on both

trabecular and cortical bone, 30

5. Indications

Denosumab is currently approved by the U.S, FDA for
the treatment of postmenopausal women and men with
osteoporosis as well as for treatment to increase bone
mass in women at high risk for fracture receiving adjuvant
aromatase inhibitor therapy for breast cancer and for
treatment to increase bone mass in men at high risk for
receiving androgen deprivation therapy for non—metastatic

3
prostate cancer,

6. Contraindication, warning and precautions

Hypocalcemia, pregnancy and known hypersensitivity
are all contraindications,” Hypocalcemia must be corrected
before initiating denosumab, ONJ and atypical femur
fracture have been reported, Monitoring for symptoms of
ONJ and evaluation of patients with thigh or groin pain are
required, Serious infections including skin reactions may
occur, Patients should be advised to seek prompt medical
attention if they develop signs or symptoms of infection,
including cellulitis, Dermatitis, rashes, eczema, and severe
bone, joint and muscle pain have been reported, If severe

symptoms develop, consider discontinuation of denosumab,

Tissue Selective Estrogen Complex
(TSEC), Bazedoxifene (BZA)/
Conjugated Estrogen (CE)

Hormone therapy (HT) has been the standard of care
for managing moderate to severe hot flashes and vulva—
vaginal atrophy (VVA) associated with menopause. In
postmenopausal women with a uterus, the inclusion of
a progestin is necessary because unopposed estrogen
therapy (ET) is associated with an unacceptably high rate

of endometrial hyperplasia as well as endometrial cancer,
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The Women's Health Initiative studies found an increased
risk of invasive breast cancer and breast cancer—related
mortality among estrogen/progestin therapy (EPT) users,
in contrast to a protective effect against breast cancer
among hysterectomized women using ET.*** A new
strategy is the combination of a selective estrogen receptor
modulator (SERM) with estrogen(s), TSEC, based on the
simultaneous but differential effects of each compound
on estrogen receptor activity, Also, this combination
provides a progestin—free alternative to traditional HT for
postmenopausal women with a uterus who has bothersome
menopausal symptoms, BZA is a good candidate for
investigation in combination with estrogens as part of a
TSEC because BZA does not stimulation of either breast
or endometrium, In multiple investigations, BZA exhibited
less agonist activity in the endometrium compared with
raloxifene or lasofoxifene,®® The TSEC consisting of CE
0.45 mg and BZA 20 mg represents the newest option for
the management of moderate to severe postmenopausal hot

flashes and prevention of postmenopausal bone loss,

1. Endometrium and breast safety in clinical trials

In phase 2 studies, BZA 20 mg (but not BAZ 5 or 10 mg)
provide adequate endometrial protection when combined
with CE 0.3 or 0,625 mg and that combination of CE 0,625/
BAZ 20 mg (but not CE 0,3/BAZ 20 mg) were effective in
reducing hot flashes,®® An ancillary retrospective study of
Selective estrogens, Menopause, And Response to Therapy
(SMART)—1and a prospective substudy of SMART—5 both
found that neither CE 0,45/BZA 20 mg nor CE 0,625/BZA
20 mg increased breast density compared with placebo,**
Also, CE/BZA offers a better breast tolerability profile
than EPT which has been associated with breast pain and
tenderness and increased breast density, Firm conclusions
regarding CE/BZA and breast cancer risk are not yet drawn
given the small number of breast cancer events in the
SMART trials and the limited duration (up to 2 years) of

these studies,

2. Effects of bone in clinical trials

1) SMART-1 trial
The SMART-1 trial included 2 osteoporosis prevention

substudies that evaluated CE/BZA in different subpopula—
tions: subjects in substudy I were women more than 5 years
postmenopause with lumbar spine or hip BMD T—scores
between —1,0 and —2.5 plus 1 other osteoporosis risk factor
(n = 1,454), and subjects in substudy II were 1 to 5 years
postmenopause and had at least 1 osteoporosis risk factor
(n = 861).* SMART-1 study subjects were randomized to 1
of 6 doses of CE/BZA (CE 0.45 or 0,625 mg in combination
with BZA 10, 20, and 40 mg), raloxifene, or placebo, In
both SMART—1 substudies, all dose of CE/BZA significantly
increase the adjusted mean % change in BMD of the lumbar
spine from baseline to month 24 compared with BMD
decreases with placebo (P> 0,001), Similar results were seen
for total hip BMD, Compared to raloxifene, all CE/BZA doses
(except those containing BZA 40 mg) in substudy I produced
significantly greater differences in lumbar spine BMD, and
some doses (CE 0,625/BZA 20 mg in substudy I and CE 0,45/
BZA 20 mg in substudy II) produce significantly greater
increases hip BMD as well, The median %change of BTMs
was significantly greater than for placebo with all BZA/CE
doses at all-time points, Median %change in these BTMs
was also significantly greater than raloxifene for all doses
of CE/BZA at nearly all-time points: the only exceptions
were with doses containing BZA 40 mg. Thus CE/BZA was
generally more effective than raloxifene in maintaining or
increasing bone mass and reducing bone turnover in both

substudy populations of SMART—1 throughout 2 years,

2) SMART-5 trial

The SMART-5 trial included an osteoporosis substudy
in subjects who were 5 or less years of postmenopausal,
had lumbar spine and total hip T—scores less than —2.5
at screening.*’ Subjects were randomized to CE 0,45/
BZA 20 mg, CE 0,625/BZA 20 mg, BZA 20 mg, CE 0,45/
medroxyprogesterone acetate (MPA) 1.5 mg, or placebo,
Both doses of CE/BZA significantly increased lumbar spine
and total hip BMD compared with decreased BMD in the
placebo group over the 12—month, In addition, compared
with placebo, both CE/BZA doses produced greater decreases
from baseline to month 12 in BTMs, On the other hand,
both doses of CE/BZA showed similar efficacy to CE/MPA
and a superior bone effect as compared with BZA 20 mg,
SMART—-1 and SMART—5 demonstrated that treatment with
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CE 0.45/BZA 20 mg and CE 0.625/BZA 20 mg effectively
prevented loss of total hip BMD, having a comparable
effect to that of raloxifene 60 mg and BZA 20 mg at all—
time points evaluated,®* Also, CE 0.45/BZA 20 mg and
CE 0.625/BZA 20 mg demonstrated a comparable effect to
CE 0.45/MPA 1.5 mg in terms of effects on total hip BMD,
Overall, the skeletal effects observed with CE/BZA treatment
were clinically meaningful and greater than for raloxifene
and BZA monotherapy and comparable with CE/MPA,

3. Other effects of BZA/CE

Clinical studies confirmed the efficacy of the selected doses
for relieving vasomotor symptoms, VVA, and dyspareunia;
and improving sexual function, menopause—specific quality

. . 4144
of live and sleep in postmenopausal women,

4, Safety and tolerability

CE/BZA was well tolerated win the SMART studies, The
overall incidence of treatment emergent AEs among women
treated CE/BZA was similar to placebo in all of the trials,
Rates of venous thromboembolism, ischemic stroke, and
coronary heart disease event among women using CE 0,45/
BZA 20 mg were comparable to placebo,** *** There were no
cases of pulmonary embolism in any of the SMART trials,
Laboratory findings with CE/BZA have shown largely neutral
or beneficial effects on lipids and coagulation markers, "
Cumulative amenorrhea rate and incidence of bleeding/

spotting are similar to placebo, "****

5. Indications

To date, CE 0.45/BZA 20 mg was approved by the
U.S FDA for women who suffer from moderate to severe
hot flashes associated with menopause and to prevent
osteoporosis after menopause, CE/BZA is not approved to
treat osteoporosis,”’ Alternative agents should be considered
if osteoporosis prevention without moderate to severe
vasomotor symptoms is the only indication, Also, CE/BZA is
not approved for the treatment of VVA, Use in women over
75 years of age is not recommended because CE/BZA has

not been studied in women over 75 years of age,

6. Contraindications
Contraindications of CE/BZA are similar to those of ET
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or EPT, Undiagnosed abnormal uterine bleeding, known,
suspected or past history of breast cancer, known or
suspected estrogen—dependent neoplasm, active deep
vein thrombosis, pulmonary embolism or history of these
conditions, active arterial thromboembolic diseases (stroke,
myocardial infarction, etc,) or history of these conditions are
all contraindications of CE/BZA_*

Cathepsin K Inhibitor, Odanacatib

Cathepsins are lysosomal proteases that belong to the
papain—like cysteine protease family, Eleven different
types have been described with cathepsin K being the
most important with respect to bone remodeling, It is
predominantly expressed in osteoclasts and is the most
abundant cysteine protease in these cells, accumulating in
specific subcellular compartments, lysosomal vesicles,”® In
actively resorbing osteoclasts, cathepsin K is localized at the
ruffled border and discharged into the extracellular space
when the lysosomal vesicles fuse with the cell membrane,
to degrade the two main types of collagen, I and II within
the acidic microenvironment of resorption lacunae,**® The
expression of cathepsin K is down—regulated by estrogen
and up—regulated by RANKL, tumor necrosis factor, and
many other agents capable of increasing osteoclast formation
and differentiation, such as vitamin D, parathyroid hormone
(PTH), and interleukins,”™* Cathepsin K inhibitors have to be
delivered into the lysosomes, It is the concentration of these
drugs in the resorption lacunae that is most relevant to their
activity, Because cathepsin K and most other cathepsins are
lysosomal enzymes, early inhibitors were designed to contain
lipophilic and basic moieties to allow cell permeability and
localization to lysosomes (lysosomotropism).® However,
their increased accumulation in acidic lysosomes resulted
in the inhibition of other cysteine proteases such as B and
L, causing undesired effects.”® The strategies subsequently
shifted to the design of nonbasic inhibitors, which are non—
lysosomotropic but still maintain their potency and selectivity
against individual cathepsins and in vivo efficacy in animal
studies.” Odanacatib is a nonbasic and non—lysosomotropic
nitrile—based molecule displaying high potency for cathepsin

K and increased selectivity versus cathepsins B, L, and S
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when compared with balicatib and relacatib,” In preclinical
studies, odanacatib presented good pharmacokinetic
parameters such as minimal in vitro metabolism and long

half—life, and oral bioavailability,

1. Effects of bone

1) Two-year results of phase 2 trial

This was a double—blind, randomized, placebo—controlled
trial of 12 months duration with an extension period of 12
months to evaluate the safety and efficacy of weekly doses
of placebo or 3, 10, 25, or 50 mg of odanacatib on BMD
and BTMs.*® Twenty—four months of treatment produced
progressive dose—related increases in BMD, With the 50
mg dose of odanacatib, lumbar spine and total hip BMD
increased 5.5% and 3.2% respectively, whereas BMD at
these sites was unchanged with placebo, Resorption markers
fell in a dose—dependent manner, The urinary N—terminal
telopeptide (NTX)/Cr ratio decreased by 52%, while the
B—cell—specific activator protein (BSAP) levels decreased
initially but then recovered gradually from month 6 onward
to reach —13% with the 50 mg dose at month 24, Significant
difference from control for BSAP was observed only for the
50 mg group. The decrease in BSAP level associated with
odanacatib treatment was less than what is typically seen

with other antiresorptive agents, such as BPs,

2) Three-year results of phase 2 trial

At the end of 2 years of phase 2 trial, a 1—year extension
study was carried out to further assess odanacatib efficacy,
safety, and the effects of discontinuing therapy.” After 2
years, patients (n = 189) were re—randomized to odanacatib
50 mg weekly or placebo for another year in such a way
that some participants received placebo for the entire 3
years (PLB/PLB), some were treated with odanacatib for the
entire 3 years (ODN/ODN), and some received odanacatib 50
mg for 2 years followed by placebo (ODN/PLB) for 1 year,
Women in the ODN/ODN group showed further improvement
in BMD and the cumulative gain in BMD after 3 years of
treatment with odanacatib 50 mg was 7.9% at the lumbar
spine, 5,8% at the total hip, 5.0% at the femoral neck, and
7.4% at the trochanter, Urine NTX/Cr remained suppressed
at year 3 (—50,5%) compared with a 17,5% decline for those

who received placebo for the 3—year period (PLB/PLB),
Tartrate—resistant acid phosphatase 5b (TRAP5b) levels
were not significantly different from the placebo group
and bone formation markers returned to near baseline, In
the ODN/PLB group, women who were previously treated
with odanacatib 50 mg for 2 years showed significant bone
loss in all sites and this was most rapid during the first 6
months after discontinuation of active treatment, BMD of all
skeletal sites returned to baseline levels after 12 months off
medication, although femoral neck BMD remained slightly
increased (+2.3%).

3) Five-year results of phase 2 trial

At the end of 3 years, the Phase 2 trial was extended
for a further 2 years.” After 5 years, women who received
odanacatib 50 mg continuously from year 1 (n = 13), showed
BMD increases from baseline of 11,9% at the lumbar spine,
9.8% at the femoral neck, 10.9% at the hip trochanter,
and 8,5% at the total hip, Additionally, women treated
continuously with odanacatib 50 mg maintained a low level
of urine NTX/Cr (—67.4% from baseline) through 5 years
of treatment. while levels of serum BSAP remained only

slightly reduced relative to baseline (—15,3%).

4) Phase 3 trial

Long—Term Odanacatib Fracture Trial (LOFT) is a
randomized, double—blind, placebo—controlled, event—driven
trial, including a pre—planned, blinded placebo—controlled
extension study.” The trial enrolled 16,713 women, 65
years of age or older, diagnosed with osteoporosis, who
have been postmenopausal for five years or more, Patients
were randomized to receive odanacatib 50 mg/week (n =
8,357) or placebo (n = 8,356), The results from this trial
were presented at the 2014 American Society for Bone and
Mineral Research (ASBMR) Annual Meeting in Houston,
Texas, In LOFT, odanacatib significantly reduced the risk of
three types of osteoporotic fractures compared to placebo in
the primary efficacy analysis (54% relative risk reduction of
new and worsening morphometric vertebral fractures; 47%
relative risk reduction of clinical hip fractures; 23% relative
risk reduction of clinical non—vertebral fractures; all P <
0.001) and also reduced the risk of the secondary endpoint

of clinical vertebral fractures (72% relative risk reduction, P
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<0,001),

2. Safety data from LOFT

The rates of AEs overall in LOFT were generally balanced
between patients taking odanacatib and placebo,”® Adjudicated
morphea—like skin lesions occurred more frequently on
odanacatib: in 12 patients in the odanacatib group (0,1%) and
3 patients in the placebo group (< 0,1%). These skin lesions
resolved or improved after discontinuation of the study drug,
Adjudicated atypical femoral shaft fractures were reported
for 5 patients in the odanacatib group (0.1%) and not
reported in patients in the placebo group, No meaningful
differences were observed in adjudicated events of systemic
sclerosis, serious respiratory infections or delayed fractured
unions between groups, There were no adjudicated cases of
ONJ, Adjudicated major adverse cardiovascular events were
generally balanced overall between the treatment groups,
There were numerically more adjudicated stroke events with
odanacatib than with placebo (hazard ratio [HR] = 1,28; 95%
confidence interval [CI], 0,97—1,70).

3. Differences between odanacatib and other
antiresorptive agents

Odanacatib has shown greater suppression of bone

resorption than bone formation, suggesting dissociation

56,57
*°" The exact

between bone resorption and bone formation,
molecular mechanisms linking cathepsin K inhibition and
bone formation remain largely unknown; however, they
have been predicted to involve complex networks of cell
to cell communications, Khosla” hypothesized that in the
setting of odanacatib treatment, while the reduction in bone
resorption would lead to a reduction in the release of growth
factors from the bone matrix, direct communication between
non—resorbing osteoclasts and osteoblasts through the
ephrin 2—erythropoietin—producing human hepatocellular
carcinoma receptor B4 (EphB4) system may not be affected,
The same may be true of coupling factors, if they are also
secreted by non—resorbing osteoclasts, Thus, the net effect
of odanacatib on bone formation could depend on offsetting
the effects of the loss of growth factor release from bone
matrix with the ongoing, perhaps enhanced, effects of
coupling factors from the increased numbers of relatively

healthy osteoclasts, Furthermore, different remodeling or
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modeling rates of specific bone surfaces could be linked
to the compartment—specific action of odanacatib on bone
formation, In trabecular bone, with its high remodeling rate,
and where inhibition of bone resorption was associated with
reduction in bone formation, the release of growth factors
from the bone matrix may be particularly important,* On
periosteal surfaces, however, where the remodeling rate is
much lower and the activity is predominantly modeling, the
direct stimulatory effects of osteoclasts on osteoblasts could
be responsible for the increased periosteal bone formation
and cortical thickness_61

Conclusion

New antiresorptive therapies that may expand the menu
of options in the prevention and treatment of osteoporosis
include the denosumab, combination of CE/BZA and
cathepsin K inhibitors, The long—term efficacy and AEs
of these antiresorptive therapies remains to be confirmed
with studies that include longer follow—up periods, Also,
it is to be hoped that future research will allow us to
answer important questions regarding treatment duration
and discontinuation, This is particularly relevant since
postmenopausal women are increasingly experiencing a
longer life expectancy, We can expect to see a transition
from the twentieth—century medications that have had
such a great impact on osteoporosis treatment to newer

medications and new ways of using the old drugs,

Conflict of Interest

No potential conflict of interest relevant to this article was
reported,

References

1. Food and Drug Administration, FDA approves new injectable
osteoporosis treatment for postmenopausal women, Silver
Spring, MD: Food and Drug Administration, 2010, [cited
by 2015 Mar 19], Available from: http://www_ fda,gov/



Hee-Jeong Choi. New Antiresorptive Therapy

10,

1,

12,

NewsEvents/Newsroom/PressAnnouncements/ucm214150,
htm,

. European Medicines Agency. Prolia (denosumab), London,

UK: Euopean Medicines Agency, 2015, [cited by 2015 Mar
19]. Available from: http://www.ema, europa, eu/ema/
index_jsp?curl=pages/medicines/human/medicines/001120/
human_med 001324 jsp&mid=WC0b01ac058001d124,

. Amgen Inc, Prolia® (denosumab), Thousand Oaks, CA:

Amgen Inc,, 2010, [cited by 2015 Feb 16]. Available from:
http://pi.amgen, com/united_states/prolia/prolia_pi. pdf,

. Cummings SR, San Martin J, McClung MR, Siris ES,

Eastell R, Reid IR, et al, Denosumab for prevention of
fractures in postmenopausal women with osteoporosis, N
Engl J Med 2009; 361 756—65,

. Kong YY, Yoshida H, Sarosi I, Tan HL, Timms E, Capparelli

C, et al, OPGL is a key regulator of osteoclastogenesis,
lymphocyte development and lymph—node organogenesis,
Nature 1999; 397: 315—23,

. Bekker PJ, Holloway DL, Rasmussen AS, Murphy R, Martin

SW, Leese PT, et al. A single—dose placebo—controlled
study of AMG 162, a fully human monoclonal antibody to
RANKL, in postmenopausal women, J Bone Miner Res
2004 19: 1059—-66,

. Lobo ED, Hansen RJ, Balthasar JP, Antibody

pharmacokinetics and pharmacodynamics, J Pharm Sci
2004; 93: 264568,

. Boonen S, Adachi JD, Man Z, Cummings SR, Lippuner

K, Torring O, et al, Treatment with denosumab reduces
the incidence of new vertebral and hip fractures in
postmenopausal women at high risk, J Clin Endocrinol
Metab 2011; 96: 1727-36,

. Papapoulos S, Chapurlat R, Libanati C, Brandi ML, Brown

JP, Czerwinski E, et al, Five years of denosumab exposure
in women with postmenopausal osteoporosis: results from
the first two years of the FREEDOM extension, J Bone
Miner Res 2012; 27: 694—701,

McClung MR, Boonen S, Torring O, Roux C, Rizzoli R,
Bone HG, et al, Effect of denosumab treatment on the risk
of fractures in subgroups of women with postmenopausal
osteoporosis, J Bone Miner Res 2012; 27: 211-8,

Brown JP, Prince RL, Deal C, Recker RR, Kiel DP, de
Gregorio LH, et al, Comparison of the effect of denosumab
and alendronate on BMD and biochemical markers of bone
turnover in postmenopausal women with low bone mass: a
randomized, blinded, phase 3 trial, J Bone Miner Res 2009,
24: 15361,

Kendler DL, Roux C, Benhamou CL, Brown JP, Lillestol M,
Siddhanti S, et al, Effects of denosumab on bone mineral
density and bone turnover in postmenopausal women

13,

14,

15,

16.

17,

18,

19,

20,

21,

22,

23,

transitioning from alendronate therapy, J Bone Miner Res
2010; 25: 72—81,

Block GA, Bone HG, Fang L, Lee E, Padhi D, A single—
dose study of denosumab in patients with various degrees
of renal impairment, J Bone Miner Res 2012; 27: 1471-9,
Bone HG, Bolognese MA, Yuen CK, Kendler DL, Miller
PD, Yang YC, et al, Effects of denosumab treatment and
discontinuation on bone mineral density and bone turnover
markers in postmenopausal women with low bone mass, J
Clin Endocrinol Metab 2011; 96: 972—-80,

Brown JP, Dempster DW, Ding B, Dent—Acosta R,
San Martin J, Grauer A, et al, Bone remodeling in
postmenopausal women who discontinued denosumab
treatment:. off—treatment biopsy study, J Bone Miner Res
2011; 26: 2737—44,

Kendler DL, McClung MR, Freemantle N, Lillestol M,
Moffett AH, Borenstein J, et al, Adherence, preference, and
satisfaction of postmenopausal women taking denosumab
or alendronate, Osteoporos Int 2011; 22: 1725—35,

Watts NB, Roux C, Modlin JF, Brown JP, Daniels A,
Jackson S, et al, Infections in postmenopausal women with
osteoporosis treated with denosumab or placebo: coincidence
or causal association? Osteoporos Int 2012; 23: 327—37.
Martin—Baez IM, Blanco—Garcia R, Alonso—Sudrez M,
Cossio—Aranibar C, Beato—Coo LV, Fernandez—Fleming F,
Severe hypocalcaemia post—denosumab, Nefrologia 2013;
33: 6145,

McLachlan JM, Marx GM, Bridgman M, Severe
symptomatic hypocalcaemia following a single dose of
denosumab, Med J Aust 2013; 199: 242-3,.

Ungprasert P, Cheungpasitporn W, Srivali N,
Kittanamongkolchai W, Bischof EF, Life—threatening
hypocalcemia associated with denosumab in a patient with
moderate renal insufficiency, Am J Emerg Med 2013; 31:
756 el—2,

Stopeck AT, Lipton A, Body JJ, Steger GG, Tonkin K,
de Boer RH, et al, Denosumab compared with zoledronic
acid for the treatment of bone metastases in patients with
advanced breast cancer: a randomized, double—blind study,
J Clin Oncol 2010; 28: 51329,

Medicines and Healthcare Products Regulatory Agency,
Denosumab 60 mg (prolia¥), London, UK: Medicines and
Healthcare Products Regulatory Agency, 2013, [cited by
2015 Feb 17]. Available from: https://www, gov, uk/drug—
safety—update/denosumab—60—mg—prolia,

Bucay N, Sarosi I, Dunstan CR, Morony S, Tarpley J,
Capparelli C, et al, Osteoprotegerin—deficient mice develop
early onset osteoporosis and arterial calcification, Genes
Dev 1998; 12: 1260-8,

http://dx.doiorg/10.6118/jmm.201521.1.1 9



\‘ j \‘ j Journal of Menopausal Medicine 2015;21:1-11

s

24

25,

26,

27,

28,

29,

30,

31,

32,

33,

34.

35.

10

. Helas S, Goettsch C, Schoppet M, Zeitz U, Hempel U,
Morawietz H, et al, Inhibition of receptor activator of NF—
kappaB ligand by denosumab attenuates vascular calcium
deposition in mice, Am J Pathol 2009; 175: 473—8,

Janda K, Krzanowski M, Chowaniec E, Ku$nierz—Cabala
B, Dumnicka P, Krasniak A, et al, Osteoprotegerin as a
marker of cardiovascular risk in patients on peritoneal
dialysis, Pol Arch Med Wewn 2013; 123: 149-55,

Augoulea A, Vrachnis N, Lambrinoudaki I, Dafopoulos
K, Tliodromiti Z, Daniilidis A, et al. Osteoprotegerin as
a marker of atherosclerosis in diabetic patients, Int J
Endocrinol 2013; 2013: 182060,

Mogelvang R, Haahr—Pedersen S, Bjerre M, Frystyk J,
Iversen A, Galatius S, et al, Osteoprotegerin improves risk
detection by traditional cardiovascular risk factors and
hsCRP, Heart 2013; 99: 106—10,

Kiechl S, Schett G, Wenning G, Redlich K, Oberhollenzer
M, Mayr A, et al, Osteoprotegerin is a risk factor for
progressive atherosclerosis and cardiovascular disease,
Circulation 2004; 109: 2175—80.

Reid IR, Miller PD, Brown JP, Kendler DL, Fahrleitner—
Pammer A, Valter I, et al, Effects of denosumab on bone
histomorphometry: the FREEDOM and STAND studies, J
Bone Miner Res 2010; 25: 2256—65,

Silva I, Branco JC, Denosumab: recent update in
postmenopausal osteoporosis, Acta Reumatol Port 2012; 37:
302-13,

Chlebowski RT, Anderson GL, Gass M, Lane DS, Aragaki
AK, Kuller LH, et al, Estrogen plus progestin and breast
cancer incidence and mortality in postmenopausal women,
JAMA 2010; 304: 1684—-92,

Anderson GL, Chlebowski RT, Aragaki AK, Kuller
LH, Manson JE, Gass M, et al, Conjugated equine
oestrogen and breast cancer incidence and mortality in
postmenopausal women with hysterectomy: extended
follow—up of the Women's Health Initiative randomised
placebo—controlled trial, Lancet Oncol 2012; 13: 476—86,
Komm BS, Kharode YP, Bodine PV, Harris HA, Miller
CP, Lyttle CR, Bazedoxifene acetate. a selective estrogen
receptor modulator with improved selectivity, Endocrinology
2005; 146: 3999—4008,

Crabtree JS, Peano BJ, Zhang X, Komm BS, Winneker
RC, Harris HA, Activity of three selective estrogen receptor
modulators on hormone—dependent responses in the mouse
uterus and mammary gland, Mol Cell Endocrinol 2008; 287:
40-6,

Peano BJ, Crabtree JS, Komm BS, Winneker RC,
Harris HA, Effects of various selective estrogen receptor
modulators with or without conjugated estrogens on mouse

http://dx.doi.org/10.6118/jmm.2015.21.1.1

36.

37.

38,

39,

40,

41,

42,

43,

44,

45,

46,

mammary gland, Endocrinology 2009; 150: 1897—903,

Van Duren D, Ronkin S, Pickar J, Constantine G,
Bazedoxifene combined with conjugated estrogens: A novel
alternative to traditional hormone therapies, Fertil Steril
2006; 86: S88-9,

Harvey JA, Pinkerton JV, Baracat EC, Shi H, Chines AA,
Mirkin S, Breast density changes in a randomized controlled
trial evaluating bazedoxifene/conjugated estrogens,
Menopause 2013; 20: 138—45,

Pinkerton JV, Harvey JA, Pan K, Thompson JR, Ryan KA,
Chines AA, et al, Breast effects of bazedoxifene—conjugated
estrogens. a randomized controlled trial, Obstet Gynecol
2013; 121: 959—68,

Lindsay R, Gallagher JC, Kagan R, Pickar JH, Constantine
G. Efficacy of tissue—selective estrogen complex of
bazedoxifene/conjugated estrogens for osteoporosis
prevention in at—risk postmenopausal women, Fertil Steril
2009; 92: 1045—52,

Pinkerton JV, Harvey JA, Lindsay R, Pan K, Chines
AA, Mirkin S, et al, Effects of bazedoxifene/conjugated
estrogens on the endometrium and bone: a randomized
trial, J Clin Endocrinol Metab 2014; 99: E189—-98,

Lobo RA, Pinkerton JV, Gass ML, Dorin MH, Ronkin S,
Pickar JH, et al, Evaluation of bazedoxifene/conjugated
estrogens for the treatment of menopausal symptoms and
effects on metabolic parameters and overall safety profile,
Fertil Steril 2009; 92: 1025—38,

Pinkerton JV, Utian WH, Constantine GD, Olivier S, Pickar
JH, Relief of vasomotor symptoms with the tissue—selective
estrogen complex containing bazedoxifene/conjugated
estrogens. a randomized, controlled trial, Menopause 2009,
16: 1116—24,

Kagan R, Williams RS, Pan K, Mirkin S, Pickar JH,
A randomized, placebo— and active—controlled trial of
bazedoxifene/conjugated estrogens for treatment of
moderate to severe vulvar/vaginal atrophy in postme—
nopausal women, Menopause 2010; 17: 281-9,

Bachmann G, Bobula J, Mirkin S, Effects of bazedoxifene/
conjugated estrogens on quality of life in postmenopausal
women with symptoms of vulvar/vaginal atrophy,
Climacteric 2010; 13: 132—40,

Skouby SO, Lobo RA, Ryan KA, Thompson JR, Komm
BS, Chines AA, et al, Low risk of thrombophilia with
bazedoxifene/conjugated estrogens: summary of pooled
coagulation data from the selective estrogens, menopause,
and response to therapy trialsThe Endocrine Society's 94th
Annual Meeting and Expo, Houston, TX, 2012:SAT—31,
Archer DF, Lewis V, Carr BR, Olivier S, Pickar JH,
Bazedoxifene/conjugated estrogens (BZA/CE): incidence of



Hee-Jeong Choi. New Antiresorptive Therapy

47,

48,

49,

50,

51,

52,

93,

54,

9.

uterine bleeding in postmenopausal women, Fertil Steril
2009; 92: 1039—44,

Pfizer Inc, DUAVEE® (conjugated estrogens/bazedoxifene)
tablets for oral use, Philadelphia, PA: Pfizer Inc,, 2013, [cited
by 2015 Feb 17]. Available from: http://labeling. pfizer.com/
ShowLabeling, aspx?id=1174,

Ng KW, Potential role of odanacatib in the treatment of
osteoporosis, Clin Interv Aging 2012; 7: 235—47,
Véddridniemi J, Halleen JM, Kaarlonen K, Ylipahkala H,
Alatalo SL, Andersson G, et al, Intracellular machinery for
matrix degradation in bone—resorbing osteoclasts, J Bone
Miner Res 2004, 19: 1432—40,

Xia L, Kilb J, Wex H, Li Z, Lipyansky A, Breuil V, et al,
Localization of rat cathepsin K in osteoclasts and resorption
pits: inhibition of bone resorption and cathepsin K—activity
by peptidyl vinyl sulfones, Biol Chem 1999; 380: 679—87,
Furuyama N, Fujisawa Y. Regulation of collagenolytic
cysteine protease synthesis by estrogen in osteoclasts,
Steroids 2000; 65: 3718,

Troen BR, The regulation of cathepsin K gene expression,
Ann N'Y Acad Sci 2006; 1068: 165—72,

Black WC, Percival MD, The consequences of lysosomo—
tropism on the design of selective cathepsin K inhibitors,
Chembiochem 2006; 7: 1525—35,

Kim TS, Tasker AS, Non—covalent cathepsin K inhibitors
for the treatment of osteoporosis, Curr Top Med Chem
2006; 6: 355—60,

Gauthier JY, Chauret N, Cromlish W, Desmarais S, Duong
le T, Falgueyret JP, et al. The discovery of odanacatib
(MK—0822), a selective inhibitor of cathepsin K, Bioorg Med

56.

LYS

38,

99,

60,

61,

Chem Lett 2008; 18: 9238,

Bone HG, McClung MR, Roux C, Recker RR, Eisman JA,
Verbruggen N, et al, Odanacatib, a cathepsin—K inhibitor
for osteoporosis: a two—year study in postmenopausal
women with low bone density, J Bone Miner Res 2010; 25:
93747,

Langdahl B, Binkley N, Bone H, Gilchrist N, Resch H,
Rodriguez Portales J, et al, Odanacatib in the treatment
of postmenopausal women with low bone mineral density:
five years of continued therapy in a phase 2 study, J Bone
Miner Res 2012; 27: 2251-8,

Merck, Merck announces data from pivotal phase 3 fracture
outcomes study for odanacatib, an investigational oral,
once—weekly treatment for osteoporosis, Kenilworth, NJ:
Merck & Co,, Inc,, 2014, [cited by 2015 Feb 17]. Available
from: http://www, mercknewsroom,com/news—release/
research—and—development—news/merck—announces—
data—pivotal—phase—3—fracture—outcomes—st,

Khosla S, Odanacatib: location and timing are everything,
J Bone Miner Res 2012; 27: 506—8,

Masarachia PJ, Pennypacker BL, Pickarski M, Scott KR,
Wesolowski GA, Smith SY, et al, Odanacatib reduces bone
turnover and increases bone mass in the lumbar spine of
skeletally mature ovariectomized rhesus monkeys, J Bone
Miner Res 2012; 27: 50923,

Balena R, Shih MS, Parfitt AM, Bone resorption and
formation on the periosteal envelope of the ilium: a
histomorphometric study in healthy women, J Bone Miner
Res 1992; 7: 1475-82,

http://dx.doi.org/10.6118/jmm.2015.21.1.1 11



