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INTRODUCTION

C abeled a silent and insidious disorder with a heavy
osteoporosis is

economic impact,

ABSTRACT

Osteoporosis, a widespread skeletal disorder with a substantial economic load, is
characterized by increased porosity of the bones resulting in vulnerability to fractures.
When activated, the canonical Wnt signaling pathway results in osteoblastogenesis
and bone formation. A Wnt ligand forms a complex with low-density lipoprotein
receptor-related proteins 5 and 6 (Lrp5/6) and stimulates intracellular signaling
cascades, leading to nuclear translocation of [-catenin and transcription of
downstream molecules involved in osteoblast differentiation, maturation, and
survival. Sclerostin (SOST), a glycoprotein produced by osteocytes, is an extracellular
Wnt antagonist that blocks the binding of Wnt ligands to Lrp5/6, preventing the
activation of the pathway and osteoblast-mediated bone formation subsequently.
Inhibition of SOST represents a new therapeutic paradigm for the treatment of
osteoporosis. Monoclonal antibodies to SOST include romosozumab, blosozumab,
and setrusumab. With its unique dual effect of increasing bone formation (anabolic
action) and decreasing bone resorption, the Food and Drug Administration approved
romosozumab, a promising new treatment for postmenopausal osteoporosis. Its
efficacy and safety have been established in trials. However,patients at high risk of
cardiovascular or cerebrovascular events should not be prescribed romosozumab.
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to prevent fractures, especially in patients at high risk.
Both antiresorptive and anabolic agents have drawbacks.
Besides the fear of side effects, high costs, inconvenient
and complex regimens, and socioeconomic conditions

characterized

by low bone mass and microarchitectural eroding,
leading to bone fragility and fractures.!' The World
Health Organization ranks osteoporosis as second
only to cardiovascular diseases as a global health
issue.”! Studies from India show a wide variation in the
prevalence — ranging from as low as 8% to as high as
81%.%1 By 2050, about 8 lakh Indians are projected to
suffer from osteoporotic hip fractures, which cause the
highest morbidity and mortality.” Only one-fourth of
older women with a fracture get either a bone mineral
density (BMD) test done or a prescription for its
treatment in the 6 months postfracture, signifying that it
is an underdiagnosed and undertreated condition.®

Pharmacotherapy is the mainstay of prevention and
treatment of postmenopausal osteoporosis. The goal is
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have led to the problem of lack of treatment adherence.”’
Moreover, patients with severe osteoporosis need more
aggressive strategies, creating a need for more options
of anabolic drugs.!'"

The term “Wnt” is derived from the acronym
between wingless (Wg) in Drosophila and Intl in
the mouse (Wg-type mouse mammary tumor virus
integration site) after the identification of these two
homologous genes. The Wnt canonical pathway has
a central role in stimulating bone formation and
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inhibiting bone resorption.''"  Sclerostin  (SOST)
is the natural antagonist of this pathway. Genetic
disorders (sclerosteosis and Van Buchem’s disease)
resulting in a deficiency of SOST showed high bone
mass — paving the way for research on pharmacological
modulation of this crucial pathway.'!l' Romosozumab
is a Food and Drug Administration (FDA)-approved
monoclonal IgG2 antibody to Wnt antagonist SOST.

We searched Medline, Embase, Cochrane Library,
Medscape, Google Scholar, and ClinicalTrials.gov for
articles in the English language published in peer-reviewed
journals with the terms “Wnt signaling pathway,”
“B-catenin,” “osteoporosis,” “romosozumab,” and “SOST.”
We screened all the journal articles published from 2015
to 2020 that discussed the function of the Wnt pathway
in bone remodeling, the role of SOST, and the relevant
clinical studies of romosozumab to write this review article.

THE BONE REMODELING PROCESS

Four phases distinguish bone turnover.!'>!31 The
activation phase comprises the recruitment of the
osteoclasts. Under the influence of cytokines such as
receptor activator of nuclear factor kappa-B (RANK)
ligand (RANKL) and macrophage colony-stimulating
factor, osteoclast progenitors fuse to form multinucleated
osteoclasts, which attach to the bone surface and start
resorption. Osteoprotegerin (OPG), a cytokine receptor

secreted by osteoblasts, binds to RANKL and prevents
the binding of RANKL to RANK, thereby inhibiting
osteoclast differentiation and activation. It guards the
bone against excessive resorption.

In the second (resorption) phase, the osteoclasts resorb
bone. The third (reversal) phase involves apoptosis
of the osteoclasts and recruitment of the osteoblasts;
bone-forming osteoblasts are derived from mesenchymal
stem cells through the activation of specific
transcription factors such as activating transcription
factor 4, osterix, and runt-related transcription factor 2.
The final (formation) phase involves laying down a new
organic bone matrix by osteoblasts called osteoid. This
nonmineralized bone matrix forms the stable lamellar
bone after mineralization.'¥ Osteoblasts produce
osteocalcin, a specific marker of osteoblast activity.[']

The cycles of bone remodeling are separated by a rest
phase when the surface of the newly formed bone is
covered by osteocytes derived from osteoblasts. Apoptosis
of osteocytes marks the transition from the resting phase
to the resorption phase of the bone turnover.!?

PHARMACOTHERAPY OF OSTEOPOROSIS

Anti-osteoporosis  drugs are classified into two
groups — antiresorptive drugs that suppress bone
resorption (by inhibiting osteoclast activity) and anabolic

Table 1: Classification of drugs approved for postmenopausal osteoporosis

Drug Route Mechanism Adverse effects
Antiresorptive a). SERMs Oral, daily Decrease Risk of DVT/PE, Hot flashes,
drugs Raloxifene osteoclastogenesis Leg cramps
Bazedoxifene
b). Bisphosphonates Oral-daily, weekly or monthly Impair osteoclast Gastrointestinal side effects,
Alendronate Intravenous-quarterly or yearly ~ function Esophagitis, Flu-like symptoms
(iv administration), ONJ, AFF
Ibandronate
Pamidronate
Risedronate
Zoledronic Acid
¢). Calcitonin Subcutaneous/ Decrease osteoclastic ~ Facial flushing,, Hypocalcemia,
Intramuscular-every other day activity Allergic reactions
Nasal Spray-daily
d). Denosumab Subcutaneous, Six monthly Inhibit osteoclastic Hypocalcemia, Cellulitis,
(Antibody to RANKL) activity musculoskeletal pain, ONJ, AFF
Anabolic a). PTH analogues Subcutaneous, daily Increase osteoblastic ~ Leg cramps, Headache,
agents Teriparatide activity Hypercalcemia, Urolithiasis,
Abaloparatide Postural hypotension, Risk of

b).Sclerostin antibody

Romosozumab

Subcutaneous, monthly

osteosarcoma
Increase osteoblastic
activity and decrease
osteoclastogenesis

Arthralgia, Nasopharyngitis,
Injection-site reactions, Risk of
cardiac events

AFF - atypical femoral fracture, DVT - deep vein thrombosis, ONJ - osteonecrosis of jaw, PE - pulmonary embolism, PTH - parathyroid
hormone, RANKL - receptor activator of nuclear factor kappa - B ligand
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drugs that enhance bone formation (by improving
osteoblast activity) [Table 1].11%

Antiresorptive  drugs  include  estrogen,  selective
estrogen receptor modulators such as raloxifene,
bisphosphonates (BPNs), denosumab, and calcitonin.

The use of menopausal hormone therapy needs careful
risk—benefit assessment.’s! The European Medicines
Agency (EMA) does not recommend calcitonin for
postmenopausal osteoporosis, citing its linkage with cancer.
However, the FDA recommends its use in osteoporotic
women at least 5 years postmenopausal, when other therapies
have failed. Its short-term use is recommended — primarily
to relieve pain in vertebral fractures.'>! A combination of
conjugated estrogens with bazedoxifene (tissue-selective
estrogen complex) is recommended if vasomotor
symptoms exist. Denosumab, a human monoclonal
antibody (MAb) to RANKL, blocks the binding of RANKL
to RANK. BPNs are the first-line drugs and comprise
second-generation drugs — alendronate (ALN), ibandronate,
and pamidronate, and third-generation drugs — risedronate
and zoledronate.!'! The cost-effectiveness of BPNs has
been established. However, side effects linked to long-term
treatment, such as atypical long bone fractures and
osteonecrosis of the jaw, have led to poor initiation and
noncompliance.'¥! Moreover, antiresorptive drugs cannot
rebuild the lost bone, creating a need for an anabolic
medication.!®!

Anabolic agents include parathyroid hormone (PTH)
and its analogs teriparatide and abaloparatide. Injected
daily, PTH (intermittent PTH or iPTH) or its peptide
fragment PTH1-34 (teriparatide) exhibits anabolic action
by increasing osteoblastic activity.'*!”) Teriparatide
administration is inconvenient as it needs daily
subcutaneous injections and storage in the refrigerator.!'?!
A prior administration of an antiresorptive drug decreased
the BMD response to teriparatide, signifying that the
sequence of using anabolic and antiresorptive therapies
may impact the skeletal response.'”” Moreover,
the potential risk of osteosarcoma limits the use of
teriparatide to 2 years; it may increase bone resorption
beyond that.["¥! Requiring daily subcutaneous injections,
abaloparatide is a synthetic analog of PTH-related
protein, proven superior to teriparatide.'” While BPN
and denosumab treatment is associated with 40%—70%
reductions in vertebral fractures, abaloparatide decreased
the incidence of new vertebral fracture by 86%.12"

Pharmacological treatment is advocated for persons
aged >50 years with a history of a spine or hip
fracture, a T-score of <25, and a high fracture
risk.®1 For postmenopausal women, treatment with
BPN or denosumab for 5 years is appropriate.’®! Anabolic
therapy is recommended in severe osteoporosis, failure or

intolerability to other drugs, and glucocorticoid-induced
osteoporosis.'”?  While  sequential  treatment  of
teriparatide (anabolic) followed by an antiresorptive
medication is approved, combination therapy is not
endorsed due to less supportive data, high cost, and side
effects.l®) Teriparatide, denosumab, or zoledronic acid is
considered for those at high fracture risk unable to use oral
therapy.® Current guidelines suggest a 5-year treatment
with a BPN, followed by a reassessment. Drug holidays
should be considered after 6-10 years of therapy for
patients at a higher fracture risk. Teriparatide or raloxifene
can be used for high-risk patients during drug holidays.®

WNT/B-CATENIN SIGNALING SYSTEM

The Wnt signaling system is a developmentally conserved
pathway that plays a pivotal role in organogenesis
in embryonic development, tissue homeostasis, and
tissue repair post injuries.?!! Activation of the Wnt/
[-catenin pathway promotes osteoblastogenesis by
stimulating osteoblast differentiation and inhibiting
osteoclastogenesis by the RANK/RANKL signaling
pathway.

STEP 7
ROMOSOZUMAB

b

Sclerostin

STEP 6

Frizzled

Nucleus

STEP3

B-Catenin

(Nuclear translocation) Gene transciption

Figure 1: Mechanism of action of romosozumab. Step 1 — Binding of
Whnt ligand to the frizzled family receptor (G protein-coupled receptor)
and co-receptor low-density lipoprotein receptor-related proteins 5 and 6.
Step 2 — The receptor complex inhibits axin-associated protein complex.
Step 3 — The complex inhibits glycogen synthase kinase 3-beta, which
is unable to phosphorylate (3-catenin. Step 4 — This results in increased
production of unphosphorylated 3-catenin. Step 5 — 3-catenin translocates
to the nucleus and increases transcription of Wnt target genes with T-cell
factor/lymphoid enhancer factor, resulting in increased bone formation.
Step 6 — Sclerostin inhibits binding of Wnt ligand to the receptor and
inhibits Wnt signaling pathway resulting in reduced bone formation.
Step 7 — Romosozumab sclerostin MAb (MAD in place of Mab) inhibits
the binding of sclerostin to the lipoprotein receptor-related proteins 5
and 6-frizzled receptor complex, thereby activating the Wnt signaling
pathway and leading to increased bone formation
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Table 2. Phase 3 clinical trials with romosozumab

Name of Trial Number of Patients Drug Groups Dura Tion Primary Efficacy Outcome
1.FRAME B 7180 Romo210 12 months New VFR CFR NVFR
(Postmenopausal women) Placebo 0.5% 1.6% 1.6%
1.8% 2.5% 2.1%
RRR-|73% RRR-|36% RRR-|25%
2.ARCH ¥ 4093 Romo210 12 months RRR-|37% RRR-|28% RRR-[26%
(Postmenopausal ALN 70,
Women) PO
3.STRUCTURE % 436 Romo210 12 months LS BMD TH BMD FN BMD
(Postmenopausal women) Teri 20 pg 9.8% 2.9% 3.2%
OD,SC 5.4% -0.5% -0.2%
(P<0.0001) (P<0.0001)
4 BRIDGE ¢! 245 (men) Romo210 12 months LS BMD TH BMD FN BMD
Placebo 12.1% 2.5% 2.2%
1.2% -0.5% -0.2%
(P<0.001) (P<0.001) (P<0.001)

ALN-alendronate; BMD-bone mineral density, expressed as percentage change from baseline; CFR-clinical fracture risk; FN-femoral
neck; LS-lumbar spine; New VFR-new vertebral fracture risk; NVF-non vertebral fracture risk; OD-once daily; PO-per oral; RRR-relative
risk reduction; Romo-romosozumab 210 mg subcutaneously, monthly; SC-subcutaneous; Teri- teriparatide; TH-total hip;| - decrease

Wnt signaling pathways are classified as the canonical
Wnt-B-catenin  pathway (involving [-catenin) and the
noncanonical pathways (not involving [-catenin). The
canonical Wnt-f3-catenin pathway plays an important role in
adult skeletal homeostasis and bone remodeling.*? Binding
of a Wnt ligand to a specific Frizzled family receptor (G
protein-coupled receptor) and a low-density lipoprotein
receptor-related protein 5 and 6 co-receptor(Lip5/6) leads
to a series of cellular changes resulting in inhibition of
the function of the destruction complex, assembled by
a scaffolding protein known as axin along with other
proteins — disheveled (Dsh or Dvl), adenomatous polyposis
coli, casein kinase 1 alpha, and glycogen synthase kinase
3 beta (GSK3 f). GSK3 [ phosphorylates [-catenin.
When inhibited, it is unable to phosphorylate [-catenin.
Unphosphorylated [-catenin is not degraded, causing
the accumulation of P-catenin molecules within the cell.
After they enter the nucleus, they bind to the T-cell/
lymphoid enhancer factor leading to transcription from
Whnt-responsive genes promoting bone formation [Figure 1].
On the other hand,when an extracellular antagonist like
SOST binds,the Wnt ligand cannot bind to the Frizzled
family receptor. Subsequently, the activated destruction
complex(axin-GSK3 [ protein assembly) phosphorylates
[B-catenin. Phosphorylated [-catenin is then ubiquitinated
and broken down by a proteasome. The f-catenin molecules
do not enter the nucleus, and Wnt-responsive genes are
not activated, leading to decreased bone formation and
increased bone resorption.?-2!

Thus, activating the canonical Wnt-B-catenin pathway
leads to osteoblast precursors and osteogenesis by

osteoblasts. Furthermore, increased [-catenin levels
result in increased expression of OPG, leading to
less binding of RANKL to RANK and reduced
osteoclastogenesis and subsequent bone resorption.!”

SCLEROSTIN AND ITS REGULATION

The SOST gene is localized on chromosome 17q12-q21
and codes for SOST.*! Diseases with high bone mass
such as sclerosteosis, craniodiaphyseal dysplasia, and
Van Buchem’s disease have mutations in the SOST
gene resulting in defective SOST production.! This
observation led to the exploration of the link between
SOST and bone mass. A balance between bone formation
and breakdown is mediated through SOST production.
Secreted by osteocytes, it facilitates osteoblastic
cell apoptosis through the activation of caspases
and inhibits osteoblast differentiation-decreasing
bone formation in areas where bone remodeling is
unnecessary.?? Mechanical forces (such as loading and
exercise), microtrauma of bone, PTH, and estrogen
inhibit the secretion of SOST by osteocytes and lead to
increased bone formation.*?* On the other hand, bone
morphogenetic proteins (2, 4, and 6), glucocorticoids,
and calcitriol stimulate SOST secretion.!'®! A positive
relationship between circulating SOST levels and
25-OH-D and phosphate levels has been reported.!
However, Cidem et al. demonstrated a decrease in serum
SOST levels after Vitamin D treatment in Vitamin
D-deficient adult females.* The correlation between
Vitamin D and SOST secretion warrants further studies.
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STUDIES WITH SCLEROSTIN ANTIBODIES

In development, humanized IgG MAbs to SOST
are romosozumab [Figure 1], blosozumab, and
setrusumab.

Bone formation is of two types — remodeling-based
formation (RBF) or modeling-based formation (MBF).
RBF involves both resorption and formation; MBF takes
place directly on quiescent surfaces without the process
of resorption. The initial, though transient, effect of
romosozumab is the activation of quiescent bone lining
cells of both cancellous and cortical bone, resulting
in bone formation on the surface not resorbed.?” This
is followed by a fading of MBF with a persistent
antiresorptive effect and RBF resulting in a slower but
progressive increase in BMD.

CLINICAL STUDIES

In the Fracture Study in Postmenopausal Women with
Osteoporosis (FRAME) study, two groups received
either romosozumab (210 mg subcutaneously once a
month) or placebo for 1 year followed by another 1 year
of open-label treatment with denosumab (60 mg every
6 months) [Table 2].2% At two years, there was a 75%
relative reduction in the risk of new vertebral fracture
in the romosozumab—denosumab group compared to the
placebo group. FRAME was the first study to indicate
that treatment with an anabolic agent followed by an
antiresorptive drug was more effective than starting with
antiresorptive drug therapy alone. Two-year buildup
with romosozumab was reported to equate the effect of
7 years of denosumab treatment.*3%

In the FRAME EXTENSION study, relative risk
reduction in romosozumab versus placebo for 12 months
followed by 24 months of denosumab for both the
groups was 66% for new vertebral fracture, 27% for
clinical fracture, and 21% for nonvertebral fracture.*!
The Active-Controlled FRAME at High Risk (ARCH)
compared the effects of romosozumab (210 mg monthly)
with oral ALN (70 mg weekly) for 12 months, followed
by open-label ALN therapy in both the treatment groups

Table 3: Indications for sclerostin modulating
therapy!'>!!

Postmenopausal women with osteoporosis at high risk of
fracture, defined as those with
1). History of an osteoporotic fracture
2). Multiple risk factors for fracture (Age, low BMI, low BMD scores
at hip or spine, falls, use of glucocorticoids, smoking, alcohol >3 units
per day, prolonged immobility, chronic diseases, rheumatoid arthritis)
3). Failure of first-line anti-osteoporosis therapy
4). Intolerance to anti-osteoporotic therapy
BMI - body mass index, BMD - bone mineral density

for up to additional 2 years. In the romosozumab
group, the risk of new vertebral and clinical fractures
was lower [Table 2]. The ARCH study was the first
trial to establish the superiority of a novel treatment of
osteoporosis over the first-line BPNs, fractures being the
primary endpoint. At two years, the reduction of new
vertebral, clinical, nonvertebral, and hip fractures in the
romosozumab-ALN group compared to the ALN-ALN
group was 48%, 27%, 19%, and 38%, respectively.*?

The STRUCTURE trial was a Phase 3, open-label,
active-controlled study comparing romosozumab (210 mg
subcutaneous once monthly) to teriparatide (20 ug once
daily) in postmenopausal osteoporosis with a history of
an oral BPN use for at least 3 years [Table 2].%

In the BRIDGE trial, men received
romosozumab (210 mg subcutaneously monthly) or
matched placebo for 12 months, with concomitant
calcium and Vitamin D administration daily. The levels
of bone formation marker procollagen type 1 N-terminal
propeptide (PINP) increased early, and the levels of
bone resorption marker C-terminal telopeptide remained
lower than levels in the placebo group throughout the
study [Table 2].B4

Phase 2 studies have been completed for blosozumab.
Setrusumab is currently being evaluated in osteogenesis
imperfecta.’] SOST antibodies are tested in fracture
healing, periodontitis, and implant fixation.[*®!

ADVERSE EFFECTS

Simultaneous mineralization of the new bone matrix
and inhibition of bone resorption leading to mild and
transient decreases in serum calcium (hypocalcemia),
serum phosphorus, and reciprocal increases in PTH have
been observed.’”! The risk of hypocalcemia is more
in severe renal impairment and patients on dialysis.
A sufficient intake of calcium and Vitamin D should be
ensured. Contraindications for the use of romosozumab
are hypocalcemia and hypersensitivity reactions to it.
Concerns with SOST inhibition include bony overgrowth
as seen in sclerosteosis and Van Buchem’s disease and
extraskeletal effects, given the diverse role of the Wnt
signaling pathway in the development and homeostasis
of adult tissues. It should also be avoided in skeletal
metastases and Paget’s disease.

The most common adverse events in the clinical
trials were nasopharyngitis, arthralgia, injection-site
reactions (pain and erythema), and headache. The
romosozumab group showed more cardiovascular
side effects in the ARCH study (2.5% in the
romosozumab group vs. 1.9% in the ALN group),
though the trial included older participants with a
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higher baseline prevalence of cardiovascular risk.l*®
Furthermore, a meta-analysis found that romosozumab
increased the four-point major adverse cardiovascular
events.’ There is no explanation for a biological
basis for cardiovascular risk as patients suffering from
sclerosteosis or Van Buchem’s disease do not show
any trend in cardiac events.*” Recent guidelines state
that romosozumab should be avoided in patients at a
high risk of cardiovascular disease or cerebrovascular
disease. Its product label has a black box warning
regarding the potential risk of adverse cardiac events
such as myocardial infarction, stroke, and cardiovascular
death.

Clinical studies also report an increase in cataracts (2.1%
vs. 1.6%).[41

McClung et al. report loss of benefit of romosozumab
soon after the termination of therapy in postmenopausal
osteoporosis. The two groups tested received
2-year treatment with romosozumab followed by
either denosumab or placebo for a further 1 year.
Romosozumab treatment led to a continued increase
in BMD over 2 years with additional gains in those
who changed over to denosumab, whereas BMD
decreased to pretreatment levels in those shifted to
placebo.[* The cause of reversal of BMD values may be
a reduction in osteoblast progenitors or a compensatory
increase in other inhibitors of bone formation such as
Dickkopf-related protein 1.

Anti-romosozumab antibodies, seen in up to 20% of
patients in the 1* year of treatment, affected neither its
safety nor efficacy.’!! It should not be used in pregnant

Table 4: Advantages and disadvantages of sclerostin
antibody in osteoporosis

Advantages of sclerostin modulating therapy in postmenopausal
osteoporosis

1. Dual effect of Increase in bone formation and decreases bone

resorption

2. Rapid increases in bone mineral density

3. Monthly subcutaneous administration increases compliance

4. No risk of osteosarcoma

5. Well tolerated, in renal insufficiency

6. No limit to use (unlike PTH based anabolic therapies)
Disadvantages of sclerostin modulating therapy in postmenopausal
osteoporosis

1. Loss of anabolic effect after stopping treatment; Needs

transition to antiresorptive drug after use

2. Increased risk of cardiovascular complications (avoid in

history of myocardial infarction or stroke)

3. Contraindicated in skeletal metastases, Paget’s disease,

hypersensitivity, hypocalcemia

4. Long-term effects are not known

5. Costly

and lactating females. Animal toxicity studies indicate
that romosozumab does not pose a carcinogenic risk.[*)

NEED FOR PHARMACOVIGILANCE

There are many safety concerns with romosozumab.
One event of osteonecrosis of the jaw and atypical
femur fracture has been reported in the romosozumab
study group. This may be due to the inhibition of bone
resorption — a component of the dual-mode of action of
romosozumab.!! Concomitant administration of drugs
associated with ONIJ (corticosteroids, chemotherapy,
BPNs, denosumab, and angiogenesis inhibitors) may
increase the risk of developing ONJ. For evaluation of
atypical femur fracture, any thigh or groin pain should
be reported.!! Serious infections were reported in
elderly patients aged over 75 years (1.9% vs. 1.3%).
Postauthorization surveillance studies are underway to
clarify and quantify these serious adverse events.

REGULATORY ASPECTS OF THE NOVEL

ANTIBODY

The first approval for romosozumab came from Japan in
January 2019. The US FDA approved romosozumab in
April 2019. However, the European Commission, acting
via EMA, delayed the approval as it required more data
on the serious cardiovascular complications reported in
the trials. After restricting its use to severe osteoporosis
at high risk of fracture, marketing authorization was
granted by EMA and Health Canada in October
2019. Table 3 outlines the indications for the use of
romosozumab. In India, the Central Drugs Standard
Control Organization (CDSCO) has approved the drug,
and is available on prescription.*#

HeALTH ECONOMIC ANALYSIS

Economic evaluation is integral to decision-making
and allocating limited health resources. Globally, the
annual health-care costs of osteoporosis run in billions
of dollars.*® The key drivers of cost-effectiveness are
baseline fracture risk, drug efficacy, drug cost, and
medication adherence.*

The wholesale acquisition cost of romosozumab
is $1825/dose,similar to that of abaloparatide and
less expensive than teriparatide.*® Although studies
with romosozumab are few, the cost-effectiveness
of bone-forming agents has been established.”! In
one such study, abaloparatide/ALN produced an
incremental cost-effectiveness ratio (ICER) of $333266/
quality-adjusted life years (QALYs) relative to placebo/
ALN over 10 years. In a study by Soéreskog et al.,
compared to ALN alone (5 years), romosozumab (1 year)
followed by ALN treatment (4 years) was associated
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with 0.089 additional QALYs, resulting in an ICER of
€33,732.%1 Romosozumab/ALN had more QALY's and
a lower cost than teriparatide for 2 years of treatment
when using the Patient Access Scheme (PAS) price for
romosozumab."

Fracture liaison services are a cost-effective,
multidisciplinary =~ care  manager-based  program,
wherein a dedicated health-care worker ensures proper
management of the patient after a fragility fracture.’"
This preventive health-care model has been initiated in
a few Indian cities.

PLACE IN OSTEOPOROSIS THERAPY

Romosozumab has demonstrated good anti-fracture
efficacy, and it fulfills the unmet need for a
bone-forming agent. Table 4 discusses the advantages
and disadvantages of romosozumab. It is now
recommended that anabolic drug use, limited to
12 months, should be followed by treatment with
antiresorptive drugs. More real-world data will establish
its place in the pharmacotherapy of postmenopausal
osteoporosis.

CONCLUSION

Osteoporosis, highly prevalent in postmenopausal
women, adversely affects their quality of life. The current
treatments have low patient compliance. Secreted Wnt
glycoproteins help regulate cell-to-cell communication
during embryogenesis and adult tissue homeostasis. The
glycoprotein SOST is an inhibitor of the Wnt/B-catenin
signaling pathway. Inhibition of SOST is a novel
strategy to develop anabolic drugs for postmenopausal
osteoporosis. Once-a-month administration of
SOST MADb romosozumab stimulates modeling and
remodeling-based bone formation. It is recommended for
severe osteoporosis in postmenopausal women. Subjects
at high risk of cardiovascular events should avoid
romosozumab. Impressive increases in BMD and bone
strength as well as significant reductions in the risk of
fractures along with proven safety, make FDA-approved
romosozumab, a first-in-class anabolic drug, a welcome
addition to the armamentarium of anti-osteoporotic drugs.

New scientific information added by this review
This review highlights the application of a
“bench-to-bedside approach” in the treatment of
osteoporosis. It is an update on the recent advances in
the development of drugs targeting the Wnt signaling
pathway, such as anti-SOST antibodies. Exemplified
by romosozumab, these anabolic therapies for
postmenopausal osteoporosis offer hope to patients
unable to use first-line BPNs.
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