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Abstract: As one of the most potent osteoanabolic agents with a unique mechanism of action, romosozumab has high efficacy for
osteoporosis treatment. It is a monoclonal antibody against sclerostin, a natural inhibitor of the Wnt signaling pathway, and by
inhibiting sclerostin, activation of Wnt signaling occurs with a cascade of changes ultimately leading to bone mineral density (BMD)
gains. Romosozumab stimulates bone modeling and has a dual effect of activating bone formation while inhibiting bone resorption.
With this unique mechanism of action, treatment with romosozumab leads to a rapid and significant gain in BMD; these gains are
higher than seen with bisphosphonates, denosumab, or parathyroid hormone (PTH) analogs. The FRAME and ARCH studies represent
two pivotal trials demonstrating the efficacy of romosozumab in treating osteoporosis. Treatment with romosozumab should be
followed by an antiresorptive agent, as this approach has demonstrated maintenance of or greater increases in BMD and reduced
fracture risk even after finishing romosozumab treatment. As an osteoanabolic agent, romosozumab has shown superiority to
alendronate in reducing fracture risk, increasing bone density, and potentially more rapid fracture risk reduction. Recent data have
suggested that romosozumab prior to antiresorptive therapy may be the ideal treatment sequence, especially in high-risk patients and
patients at imminent risk of fracture. Carrying a black box warning, romosozumab should be avoided in patients who have had
myocardial infarction or stroke in the past year. Further studies are needed to clarify the increased cardiovascular risk attributed to this
drug. Romosozumab has expanded our osteoporosis armamentarium and has enabled novel approaches, including “treat to target.”
Future studies are needed to evaluate the optimal use sequence and to assess its safety, especially in patients with cardiovascular risk
factors.
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Introduction

Osteoporosis is a skeletal condition characterized by low bone mass, deterioration of bone tissue, and disruption in bone
architecture, leading to decreased bone strength and increased risk of fracture.' Osteoporosis-related fractures are
associated with high health-care costs, as well as significant morbidity and mortality.> Treatment for osteoporosis
includes antiresorptive agents such as bisphosphonates and denosumab. In recent years, osteoanabolic treatments have
been developed, including teriparatide, abaloparatide, and romosozumab. In this article, we discuss the profile of
romosozumab, focusing on patient selection and perspectives on the utility of romosozumab in combination with current
available therapies in osteoporosis treatment.

Targeting Sclerostin to Activate WNT Signaling Selectively in Bone
Bone homeostasis is controlled by many signaling pathways. The Wnt signaling pathway plays an essential role in
osteoblast differentiation, and activating the Wnt-B-catenin pathway leads to increased bone formation and decreased
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bone resorption.* Activation of the pathway occurs when the Wnt proteins bind to Frizzled family receptor and low-
density lipoprotein receptor-related protein (LRP) 5/6 complexes. A cascade of intracellular changes occurs, ultimately
leading to osteoblast maturation and differentiation and osteoclast inhibition through induction of osteoprotegerin (OPG)
expression.

Wingless/integrated (Wnt) signaling is complex, and many molecules are involved in controlling the various effects
of Wnt signaling on bone cells. Sclerostin, predominately produced by osteocytes and primarily found in bone of the
adult skeleton,” is an extracellular signaling molecule and natural antagonist of the Wnt signaling pathway. Sclerostin
binds to the surface of osteoblasts through lipoprotein receptor-related protein (LRP)s, and when bound to LRPs,
sclerostin competes with Wnt ligands for interaction with LRPs. This binding exerts an inhibitory effect on Wnt
signaling and reduces osteoblastic activity and thus bone formation.

Sclerostin and the Wnt signaling pathway play a critical role in the ability of the skeleton to strengthen bone in
response to mechanical stress. In response to mechanical stress, osteocytes produce less sclerostin leading to increased
bone formation by osteoblasts.® Of note, mutation in the canonical Wnt-beta-catenin signaling pathway provides
significant insight into the importance of this pathway. Little et al described a family found to have increased bone
mass but who were normal phenotypically due to a gain-in-function LRP-5 mutation within the family.” In osteoporosis-
pseudoglioma syndrome, a loss-of-function LRP-5 mutation leads to a unique phenotype of reduced bone mass, skeletal
deformities, and fragility fractures in childhood, and it is associated with blindness.®

The SOST gene encodes sclerostin, and genetic abnormalities related to this gene characterize two rare autosomal
recessive genetic conditions of sclerosteosis and Van Buchem disease. In sclerosteosis, there is a loss-of-function
mutation in the SOST gene. In Van Buchem disease, there is a non-coding deletion that removes a SOST specific
regulatory element in bone.” These genetic abnormalities lead to decreased production of biologically active sclerostin.
Patients with these conditions have high bone mass characterized by progressive generalized osteosclerosis in the skull,
mandible, ribs, clavicles, and long bones.'®!!" Given this sclerostin deficiency, patients with sclerosteosis and Van

Buchem’s disease demonstrate a very low fracture risk due to increased bone mass.'®'?

Romosozumab: A Monoclonal Antibody That Inhibits Sclerostin

Romosozumab is a humanized IgG2 monoclonal antibody that binds to and inhibits sclerostin (Figure 1). Removal of the
inhibition of sclerostin on the Wnt-B-catenin pathway ultimately leads to bone formation and to a lesser degree decreased
bone resorption hence its utility in the treatment of osteoporosis. Although it is possible to achieve bone formation by
targeting other molecules in the beta-catenin signaling cascade, the ubiquity of the Wnt signaling pathway in different
cells raises the concern of untoward systemic side effects.'>'* Sclerostin, secreted extracellularly and primarily localized
to the bone tissue, provides an ideal therapeutic target for osteoporosis.

Romosozumab is given as two subcutaneous injections (210mg) once monthly for 12 months. Each injection is in a
single-use, prefilled syringe containing 105mg of the medication. It is administered subcutaneously by a health-care
provider into the abdomen, thigh, or upper arm.'> Romosozumab, like other monoclonal antibodies, is absorbed through
the lymphatic system when administered subcutaneously. Systemic absorption occurs through convective transport in the
lymphatic vessels and diffusion across the blood vessels.'®!” When administered subcutaneously, 50-70% absorption
occurs, and romosozumab has a half-life of 6-7 days.'® Monoclonal antibodies are too large in molecular size to be
filtered in the kidneys, and biliary excretion is minimal. Monoclonal antibodies are eliminated through intracellular
catabolism, pinocytosis a non-specific fluid phase endocytosis and a specific receptor-mediated endocytosis process.'®

Romosozumab: A Potent Osteoanabolic Agent That Stimulates Bone

Formation and Inhibits Bone Resorption

Romosozumab is one of the most potent osteoanabolic agents developed for the treatment of osteoporosis. In a Phase 2
randomized, placebo-controlled, parallel-group, eight-group study (Study ID NCT00896532), the investigators enrolled
419 postmenopausal women ages 55-85 years with a lumbar spine, total hip, or femoral neck T-score between —2.0 and
—3.5. Patients were randomized to receive monthly subcutaneous romosozumab (70, 140, 210mg), every three-months
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Figure | Mechanism of action of romosozumab.

Notes: Romosozumab is a human monoclonal antibody that binds sclerostin (an inhibitor of the Wnt pathway signaling). When romosozumab binds to sclerostin, sclerostin
cannot bind to the LRP-5 and LRP-6 receptors and is unable to exert its inhibitory effect. Wnt binds to LRP-5 or LRP-6 coreceptors and specific Frizzled family receptor
leading to activation of the Whnt signalling pathway and bone formation. Adapted with permission from Dove Medical Press. Shah AD, Shoback D, Lewiecki EM. Sclerostin
inhibition: a novel therapeutic approach in the treatment of osteoporosis. Int | Womens Health. 2015:7:565-580°* and adapted with permission from Dove Medical Press. Lim
SY. Bolster M. Profile of romosozumab and its potential in the management of osteoporosis. Drug Des Devel Ther. 2017; 11:1221-1231"%.

romosozumab (140, 210mg), placebo, oral alendronate (70mg weekly), or subcutaneous teriparatide (20 pg daily). The
study’s primary endpoint was percentage change from baseline of lumbar spine bone mineral density (BMD) at 12
months.'? Patients who received romosozumab had significantly increased BMD at all sites (lumbar spine, total hip, and
femoral neck). Patients who received romosozumab, 210mg subcutaneously once per month demonstrated the highest
increases in BMD (11.3% in the lumbar spine, 4.1% in the total hip, 3.7% in the femoral neck). Romosozumab 210mg
subcutaneously monthly led to considerably more bone density gains than the active comparators of teriparatide or
alendronate.'”

In the subgroups receiving romosozumab, serum P1NP (procollagen 1 intact N-terminal propeptide; bone formation
marker) levels were increased and peaked after one month of treatment. Depending on the dose of romosozumab, serum
PINP decreased back to baseline by months 2—9. Serum CTX (C-terminal telopeptide of type 1 collagen; bone resorption
marker) decreased and remained below baseline for the full 12 months of treatment. The pattern of change in bone
turnover markers reflects the unique mechanism of action with romosozumab treatment. Initially, there is an increase in
bone formation followed by a prolonged decrease in bone resorption. In contrast, with PTH analogs such as teriparatide
and abaloparatide, bone resorption is increased simultaneously with bone formation, while with alendronate, an
antiresorptive agent, both bone resorption and bone formation are decreased. The pattern of change in bone turnover
markers also suggests that the osteoanabolic effects of romosozumab decrease with time, while the antiresorptive effects
persist. This attenuation of the osteoanabolic effect explains why romosozumab is only used for one year in clinical trials,
with subsequent transition to other osteoporosis treatments.?

Romosozumab primarily stimulates modeling-based bone formation in cancellous and endocortical surfaces.?'~*>
Modeling occurs when osteoblasts initiate bone formation on quiescent bone surfaces, while with remodelling osteoblast
activity is dependent on bone resorption related to prior osteoclast activity.”?! Romosozumab strengthens bone

microarchitecture by improving trabecular architecture and increasing bone mass in humans.”® Due to the ability to
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improve bone architecture and increase bone mass, romosozumab provides potential advantages as a treatment for
osteoporosis as compared to antiresorptive agents such as bisphosphonates and denosumab that primarily work by
preventing further deterioration of bone architecture.

Romosozumab: Efficacy in the Treatment of Osteoporosis in

Postmenopausal Women

The efficacy of romosozumab for osteoporosis treatment is supported by robust data from the pivotal studies of the
FRAME (FRActure study in postmenopausal woMen with ostEoporosis) study and the ARCH (Active-contRolled
fraCture Study in postmenopausal women with osteoporosis at High risk of fracture) study. Other studies have provided
invaluable information in treatment of men: BRIDGE (placeBo-contRolled study evaluating the efficacy anD safety of
romosozumab in treatinG mEn with osteoporosis),”* and the optimal sequence of romosozumab use in osteoporosis
treatment: STRUCTURE (An Open-label, Randomized, Teriparatide-controlled Study to Evaluate the Effect of
Treatment with Romosozumab in Postmenopausal Women With Osteoporosis Previously Treated with Bisphosphonate
Therapy). Table 1 summarizes the trial design, study participants, comparator groups, primary endpoints, and results of
these pivotal trials.

FRAME was a multicenter, international, randomized, double-blind, placebo-controlled, parallel-group study that
compared two groups of patients over two years of treatment. One group received monthly subcutaneous injections of
romosozumab 210mg in year one, followed by every 6-month subcutaneous injections of denosumab 60mg (romosozu-
mab-denosumab group). The second group received one-year treatment with placebo followed by 6-month subcutaneous
injections of denosumab 60mg (placebo-denosumab group) (Figure 2). The study included 7180 postmenopausal women,
aged 55-90 years. The study participants had a total hip or femoral neck BMD T-score of —2.5 to —3.5. Women with a hip
fracture history and one severe or more than two moderate vertebral fractures were excluded. The primary endpoints for
this study were cumulative incidence of new vertebral fracture at 12 months and 24 months.*’

The average age of patients in the study was approximately 71 years, with well-matched baseline characteristics
between treatment arms. The mean T-score for patients was < —2.5 in the lumbar spine, total hip, and femoral neck.
Approximately 18% of patients had a prevalent vertebral fracture, mostly mild-moderate in severity. Approximately 22%
of patients had a previous nonvertebral fracture. Ninety percent of patients completed year 1, and nearly 85% completed
year 2 of the study. The primary endpoint of vertebral fracture risk reduction in the FRAME study was achieved. At 12
months, romosozumab led to 73% reduction in new vertebral fractures, and at 24 months, after the transition from
romosozumab to denosumab, new vertebral fractures were reduced by 75%.%

The ARCH study included a population at higher risk for fracture compared to the FRAME trial by enrolling patients
with osteoporosis and one or more prior fragility fracture. Inclusion criteria included patients with a T-score of —2.5 or
less at the total hip or femoral neck and either one or more moderate or severe vertebral fractures, or two or more mild
vertebral fractures. Patients were also included with a T-score of —2.0 or less at the total hip or femoral neck and either
two or more moderate or severe vertebral fractures or a fracture of the proximal femur sustained 3—24 months before
randomization. The ARCH study randomized patients into two groups: the first group received monthly subcutaneous
injections of romosozumab 210mg followed by open-label oral alendronate (romosozumab-alendronate group) until the
time of primary analysis. The second group received weekly oral alendronate 70mg weekly in year 1, followed by open-
label alendronate (alendronate-alendronate group) until the time of primary analysis (Figure 2).

Investigators performed the primary analysis (at 33 months) when incident clinical fractures (nonvertebral and
symptomatic vertebral fracture) had been confirmed in at least 330 patients, and all patients completed the month-24
visit. The study’s primary outcome was cumulative incidence of new vertebral fractures at 24 months and cumulative
incidence of clinical fractures (symptomatic vertebral fractures + nonvertebral fractures) at the time of primary analysis.
The ARCH study met the primary endpoint of reduced vertebral fractures; new vertebral fractures were reduced by 48%
in the romosozumab-alendronate group.

The average age of patients in the study was 74 years, with baseline characteristics between treatment arms being well
matched. Patients’ mean T-score was within the osteoporotic range in the lumbar spine, total hip, and femoral neck. Most
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Table | Key Randomized Control Trials of Romosozumab

WoMen with OstEoporosis
FRAME)?

women with
osteoporosis (T-
score of 2.5 to
—3.5 at the total
hip or femoral
neck)

for the first 12 months,
followed by denosumab
60mg SQ 6 months for
12 months.

24 months

group:

1) At 12 months, vertebral fracture
incidence decreased by 73%. (0.5% in
romosozumab- denosumab group versus
1.8% in the placebo-denosumab group)
2) At 24 montbhs, vertebral fracture
incidence decreased by 75% (0.6% in
romosozumab- denosumab group versus
2.5% in the placebo-denosumab group)

Study Study Context Subjects Treatment Groups Primary Endpoints Key Findings Secondary Findings
Study ID: Safety and efficacy of 419 Romosozumab SQ for 1) Percentage change of 1) All doses of romosozumab showed Extension Study Month 48-72.
NCT00896532 romosozumab postmenopausal 12 months BMD from baseline at increased BMD in the lumbar spine. 167 patients received romosozumab 210 SQ
Phase 2 Study of AMG 785 in women, age 55-85, | -70mg, 140mg, or month 12 in the lumbar 2) Romosozumab 210mg SQ monthly was | monthly for | year. Subsequently 51 patients
Postmenopausal Women with Low BMD' with low BMD 210mg (monthly) spine associated with the largest gain in bone received no further active treatment. 90 patients
-140mg, 210mg (every 3 density in the lumbar spine of |1.3%, as received intravenous | dose of zoledronic acid 5mg
months) compared to placebo (0.1% decrease), v
-oral alendronate 70mg alendronate (4.1% increase), and Month 48-72
weekly. teriparatide (7.1%) Mean BMD Change, No further treatment: LS:
-teriparatide SQ 20 pg —10.8%, TH: —6.4%, FN: —=5.9%
daily Mean BMD Change, | dose of zoledronic acid after |
year of romosozumab: LS: —0.8%, TH: 0.1%, FN:
0.5%
Study ID: NCT01575834 Fracture prevention efficacy 7180 Romosozumab 210mg 1) Incidence of vertebral In the romosozumab-denosumab group 12 months
The FRActure Study in Postmenopausal and safety study postmenopausal SQ monthly or placebo fracture at 12 months and compared to the placebo-denosumab Mean BMD Change from Baseline, Romosozumab:

LS: 13.3%, TH: 6.8%, FN: 5.2%

Mean BMD Change from

Baseline, Romosozumab compared to placebo

LS: 13.3%, TH: 6.9%, FN: 5.9%

Clinical fracture

HR 0.64 (95% Cl 0.46-0.89), p=0.008
Non-vertebral fracture

HR 0.75 (95% CI 0.53-1.05), p=0.10

A fixed sequence testing procedure was used for co-
primary endpoints and selected secondary endpoints
to adjust for multiple comparisons. Due to the lack
of statistical significance for non-vertebral endpoint
and prespecified testing sequence, all other endpoint
analyses were considered exploratory.

24 months

Mean BMD Change from Baseline, Romosozumab
LS: 17.6%, TH: 8.8%, FN: 6.6%

Mean BMD Change from

Baseline, Romosozumab-Denosumab compared to
Placebo-Denosumab

LS: 12.6%, TH: 6.0%, FN: 6.0%

Clinical fracture

HR 0.67 (95% Cl 0.52-0.87), adjusted p=0.1)
Non-vertebral fracture

HR 0.75 (95% CI 0.57-0.97), p=0.06

36 months

Mean BMD Change from Baseline, Romosozumab
LS: 18.1%, TH: 9.4%, FN: 8.2%

Mean BMD Change from

Baseline, Romosozumab-Denosumab compared to
Placebo-Denosumab

LS: 10.5%, TH: 5.2%, FN: 4.8%

New vertebral fracture

HR 0.34 (95% Cl 0.23-0.51), p<0.001)

Clinical fracture

HR 0.73 (95% Cl 0.59-0.90), p=0.004)
Non-vertebral fracture

HR 0.79 (95% CI 0.63-0.99), p=0.039

(Continued)
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Table | (Continued).

at High Risk of Fracture (ARCH)?

fracture than FRAME

osteoporosis and a
fragility fracture

weekly for 12 months,
followed by open-label
alendronate.

2) Cumulative incidence of
clinical fracture
(nonvertebral and
symptomatic vertebral
fracture) at the time of the
primary analysis

romosozumab-alendronate group, as
compared to alendronate-alendronate
group.

2) Clinical fractures incidence decreased
by 27% at the time of primary analysis (33
months) in the romosozumab-
alendronate group compared to the
alendronate-alendronate group.

Study Study Context Subjects Treatment Groups Primary Endpoints Key Findings Secondary Findings

Study ID: NCTO01631214 Fracture prevention efficacy 4093 Romosozumab 210mg 1) Cumulative incidence of 1) Vertebral fracture incidence decreased 12 months

Active-contRolled FraCture Study in and safety study in a postmenopausal SQ monthly or new vertebral fracture at 24 | by 48% at 24 months in the Mean BMD Change from Baseline, Romosozumab:
Postmenopausal Women with Osteoporosis population with higher risk of women with alendronate 70mg months LS: 13.7%, TH: 6.2%, FN: 4.9%

Mean BMD Change from

Baseline, Romosozumab compared to alendronate
LS: 8.7%, TH: 3.3%, FN: 3.2%

24 months

Mean BMD Change from Baseline, Romosozumab:
LS: 15.2%, TH: 7.1%, FN: 5.9%

Mean BMD Change from

Baseline, Romosozumab compared to placebo

LS: 8.0%, TH: 3.7%, FN: 3.8%

Non-vertebral fracture at time of primary analysis
(33 months)

HR 0.81 (95% CI 0.66-0.99), p=0.04

Hip fracture at time of primary analysis (33 months)
HR 0.62 (95% Cl 0.42-0.92), p=0.02

Study ID: NCT02186171
placeBo-contRolled study evaluatlng the
efficacy anD safety of romosozumab in
treatinG mEn with osteoporosis (BRIDGE)*

Evaluation of Romosozumab in
men with osteoporosis

245 men with
osteoporosis (T-
score <-2.5 or
<-1.5 prior fragility
vertebral or non
vertebral fracture

Romosozumab 210mg
SQ monthly or placebo
for | year.

Percentage change of
lumbar spine bone BMD
from baseline at 12 months.

Percentage change from baseline LS BMD
12.1% in romosozumab group compared
to 1.2% in placebo group.

6 months

Mean BMD Change from Baseline, Romosozumab:
LS: 9.0%, TH: 1.6%, FN: 1.2%

Mean BMD Change from

Baseline, Placebo

LS: 0.3%, TH: 0.2%, FN: 0%

12 months

Mean BMD Change from Baseline, Romosozumab:
LS: 12.1%, TH: 2.5%, FN: 2.2%

Mean BMD Change from

Baseline, Placebo

LS: 1.2%, TH: —0.5%, FN: —0.2%

Study ID: NCTO01796301

An Open-label, Randomized, Teriparatide-
controlled Study to Evaluate the Effect of
Treatment with Romosozumab in
Postmenopausal Women With Osteoporosis
Previously Treated with Bisphosphonate
Therapy (STRUCTURE)®

Evaluation of Romosozumab in
patients with osteoporosis
who have failed
bisphosphonate treatment or
are at high fracture risk after
bisphosphonate treatment.

436
postmenopausal
women with
osteoporosis

Prior oral
bisphosphonate for
at least 3 years
Alendronate the
year before
screening.

Romosozumab 210mg
SQ monthly or
Teriparatide 20 pg sub
Q daily for | year.

1) Percentage change from
baseline in areal BMD by
dual-energy x-ray
absorptiometry at the total
hip through month 12
(mean of months 6 and 12)

1) Mean percentage change from baseline
in the total hip areal BMD in
romosozumab group 2.6%, teriparatide
group-0.6%, difference 3.2%.

6 months

Mean BMD Change from Baseline, Romosozumab:
LS: 7.2%, TH: 2.3%, FN: 2.1%

Mean BMD Change from

Baseline, Teriparatide

LS: 3.5%, TH: —0.8%, FN: —1.1%

Hip Strength estimated by finite element analysis,
romosozumab 2.1%

Hip Strength estimated by finite element analysis,
teriparatide —1.0%

12 months

Mean BMD Change from Baseline, Romosozumab:
LS: 9.8%, TH: 2.9%, FN: 3.2%

Mean BMD Change from

Baseline, Teriparatide

LS: 5.4%, TH: —0.5%, FN: —0.2%

Hip Strength estimated by finite element analysis,
romosozumab 2.5%

Hip Strength estimated by finite element analysis,
teriparatide —0.7%

Abbreviations: LS, lumbar spine; TH, total hip; FN, femoral neck; BMD, bone mineral density; SQ, subcutaneously.
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FRAME
7180 postmenopausal women with osteoporosis

Romosozumab-Denosumab Group

Placebo-Denosumab Group

ARCH
4093 postmenopausal women with osteoporosis and fragility fracture

Primary
Romoscaumt-nirorsce oy | RGN Alendronate s e

clinical
fractures
confirmed in =

Alendronate-Alendronate Group Alendronate |2 months Alendronate 330 patients

Figure 2 The study design of the FRAME and ARCH trials. Data from these studies.?>2¢

patients had a prior fracture; approximately 96% of patients had a prevalent vertebral fracture (65% classified as severe
and 27% classified as moderate), and nearly 38% had a previous nonvertebral fracture. Study completion rates were high
with 89.3% of patients completing year 1, and approximately 77% finishing the primary analysis period. The ARCH
study met the primary endpoints. At 24 months, romosozumab led to 48% reduction in new vertebral fractures. At the
time of primary analysis clinical fractures were reduced by 27% in the romosozumab-alendronate group compared to the
alendronate-alendronate group.

Efficacy of 12-Month Treatment of Romosozumab
In the FRAME study, twelve months of romosozumab treatment led to a 73% relative risk reduction (RRR) of vertebral
fractures (p < 0.001) compared to placebo. Fracture reduction was noted rapidly after six months of treatment with
romosozumab. Between 6 months and 12 months, only two additional patients had vertebral compression fractures,
compared to 33 patients in the placebo group. At 12 months, romosozumab treatment led to a 36% RRR of clinical
fractures (p = 0.008) (composite of nonvertebral fracture and symptomatic vertebral fracture) compared to the placebo
group. Compared to placebo, 12 months of romosozumab treatment increased BMD by 13.3% in the lumbar spine and
6.9% in the total hip.>

In the ARCH study, the study with a population at higher fracture risk, the romosozumab group showed a 37% risk
reduction of vertebral compression fractures compared to alendronate at 12 months of treatment. Patients who received
romosozumab had more significant BMD gains from baseline than those who received alendronate alone at all time
points. At 12 months, patients who received romosozumab had BMD gains of 13.7% (lumbar spine) and 6.2% (total hip),
compared to 5.0% (lumbar spine) and 2.8% (total hip) in patients who received alendronate.*

Transitioning to Antiresorptive Agent After 12 Months of Romosozumab Treatment:

Maintaining Fracture Reduction Efficacy

The benefits and utility of transitioning to an antiresorptive agent after the completion of anabolic therapy are well
established. Studies clearly show that treatment with romosozumab for two years results in markedly increased BMD at
the lumbar spine and total hip.?’ Patients who transitioned from romosozumab to denosumab continued to gain BMD;
however, in patients who received placebo after romosozumab, BMD returned to pretreatment levels.?”

The FRAME study demonstrated the utility of transitioning from 1 year of romosozumab treatment to denosumab.
BMD continued to increase at 24 months with the transition to denosumab after 12 months of romosozumab (Table 1).%
The romosozumab-denosumab group demonstrated a 75% relative rate reduction of vertebral fractures (p < 0.0001). The
reduction in clinical fracture incidence and nonvertebral fracture incidence at 24 months were not statistically significant,
but there were numerically fewer fractures in the group receiving romosozumab-denosumab compared to the placebo-
denosumab group. Transitioning to denosumab maintained the fracture protection achieved after one year of
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Figure 3 Romosozumab treatment should be followed by potent anti-resorptive treatment.
Note: Data from these studies.”>?¢?’

romosozumab treatment. In the extension study, patients who received a second year of denosumab demonstrated stable
fracture reduction (Table 1).%

The ARCH study demonstrated the utility of transitioning from romosozumab to alendronate. From bone density
gains achieved in the first year of romosozumab, bone density continued to increase subsequently when patients
transitioned to alendronate (Table 1). At 24 months, the fracture reduction benefit persisted or was increased in the
2nd year after patients transitioned to alendronate in the romosozumab-alendronate group (RRR vertebral fractures 48%,
p < 0.001). At the time of primary analysis (33 months), the romosozumab-alendronate group had 27% fewer clinical
fractures (p < 0.001), 19% fewer nonvertebral fractures (p < 0.04), and 18% fewer hip fractures (P < 0.02) than the
alendronate-alendronate group.

There is also data to support the utility of intravenous zoledronic acid after romosozumab treatment. A phase 2 study
(Study ID NCT00896532, Extension, Week 48—72) evaluated the safety and efficacy of a single dose of intravenous
zoledronic acid versus placebo in follow up to one year of romosozumab treatment. In patients receiving no additional
treatment, BMD decreased to slightly above baseline in the lumbar spine and near baseline in the total hip. Intravenous
zoledronic acid maintained BMD when it followed one year of romosozumab treatment (Table 1).%°

These data support the importance of using an antiresorptive agent after a one-year course of romosozumab
(Figure 3).>°27* After transitioning from romosozumab to an antiresorptive agent (denosumab or bisphosphonates),
increases or maintenance of BMD were achieved. Furthermore, fracture protection is maintained two years after the

transition from romosozumab to denosumab or bisphosphonates.'>

Efficacy of Romosozumab in the Treatment of Osteoporosis in Men and
Other Specific Populations

Men

The BRIDGE study evaluated the efficacy of romosozumab in men (Table 1). In the BRIDGE study, 245 men aged
55-90 years, with BMD T-score at the lumbar spine, total hip, or femoral neck of <-2.5 or <-1.5, with a history of
fragility nonvertebral or vertebral fracture were randomized 2:1 to receive subcutaneous romosozumab (210mg) monthly
or placebo for 12 months.* The study’s primary endpoint was percentage increase from baseline lumbar spine BMD at
12 months. At one year, the study found greater gains in the lumbar spine and total hip BMD in the romosozumab group
as compared to placebo; the increases at the lumbar spine were comparable to those observed in women in the FRAME
and ARCH studies (Table 1).42¢
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Chronic Kidney Disease

The ARCH and FRAME trials included patients with chronic kidney disease. Post hoc analyses divided patients based on
estimated glomerular filtration rate (eGFR) into normal renal function (eGFR equal to or more than 90 cc/min), mild
renal insufficiency (eGFR 60-89 cc/min), and moderate renal insufficiency (eGFR 30-59 cc/min).*® In patients with
lowerD eGFR, there was a trend toward lesser increases in BMD, although BMD differences between romosozumab and
comparator groups remained statistically significant. Importantly, the investigators found fracture prevention efficacy
across the three groups of patients. In the FRAME and ARCH, at 12 months, the reduction of incident new vertebral
compression fractures was similar across patient populations with normal kidney function, mild renal insufficiency, and
moderate renal insufficiency respectively.*®

End-Stage Renal Disease

Data regarding romosozumab in end-stage renal disease are very limited. In a Japanese cohort of 96 patients on
hemodialysis who are at high risk for fracture, patients treated with romosozumab showed significant increases in
lumbar spine (15.3%=+ 12.9%) and femoral neck BMD (7.2% =+ 8.3%). At the same time, there was no change in BMD in
patients not treated with romosozumab.*' Fracture efficacy data was not available; thus, future studies on the fracture risk
reduction with romosozumab in patients with end-stage renal disease are needed.

Safety

Adverse events and serious adverse events in the ARCH and FRAME were well balanced between active romosozumab
and comparator groups.>>° Adverse events occurring in more than 10% of subjects included nasopharyngitis and back
pain. Injection site reactions were seen more commonly in patients who received romosozumab compared to placebo
(romosozumab-denosumab: 5.3%; placebo-denosumab: 2.9%) or compared to alendronate (romosozumab-alendronate
4.4% versus alendronate-alendronate 2.6%).

Osteonecrosis of the Jaw and Atypical Femoral Fractures

Osteonecrosis of the jaw and atypical femoral fractures have been reported in patients receiving romosozumab. In the
FRAME study, where the comparator was placebo, there were 2 cases of osteonecrosis of the jaw in the romosozumab
group. One case occurred after 12 months of romosozumab treatment. The second case occurred after 12 months of
romosozumab treatment following one dose of denosumab. One atypical femoral fracture occurred after treatment with
romosozumab for three months.*® In the ARCH study, one case of osteonecrosis of the jaw was noted in a patient who
received romosozumab followed by alendronate. There were two cases of atypical femoral fractures in patients who
received romosozumab followed by alendronate. Among patients who received alendronate for two years in the ARCH
study, there was one case of osteonecrosis of the jaw and four cases of atypical femoral fractures,?® and this likely reflects
that while romosozumab is an anabolic agent, it has antiresorptive properties. Therefore, caution is required when
monitoring patient for adverse events.

Cardiovascular Risk

Romosozumab carries a black box warning related to avoiding its use in patients who have had a stroke or myocardial
infarction in the past year. Consideration should be given to its potential cardiovascular risks. There were no differences
in adverse cardiovascular events in the FRAME study, which was one of the largest trials (7180 patients) comparing
romosozumab to placebo, followed by one year of denosumab.?> However, in the smaller studies: ARCH (4093
patients)*® and BRIDGE (245 patients), numerically more cardiovascular events were noted in patients receiving
romosozumab. In the first year of the ARCH study, a higher frequency of serious cardiovascular adverse events was
noted. Further analysis showed a higher number of patients with cardiac ischemic events and cerebrovascular events in
patients who received romosozumab. Heart failure, noncoronary revascularization, and peripheral vascular ischemic
events not requiring revascularization were numerically lower in the romosozumab-alendronate group. The BRIDGE trial
noted serious cardiovascular adverse events in 8 patients who received romosozumab, and 2 patients who received
placebo. However, interpretation of this data is difficult due to the low number of serious cardiovascular events.**
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While increased numbers of cardiovascular events in the ARCH and BRIDGE studies were concerning, these findings
need to be interpreted cautiously, and also in the context of the fracture prevention benefit romosozumab. The number of
cardiovascular events was very small because the trials were powered to assess romosozumab fracture reduction efficacy,
and not cardiovascular outcomes. Furthermore, data of cardiovascular risk factors (for example, lipid levels), and
cardiovascular outcomes were limited.>? During the drug approval process, in addition to thoroughly evaluating clinical
trial data, the Federal Drug Administration (FDA) evaluated preclinical studies, and genetic studies.” It was noted that
the role of sclerostin in atherosclerosis was unclear. Investigations of the relationships between sclerostin and cardio-
vascular dysfunction surrogate markers, and sclerostin and cardiovascular outcomes yielded conflicting data.
Additionally, patients with sclerosteosis and Van buchem disease did not exhibit high risk of cardiovascular events.*

Nevertheless, adjudication of cardiovascular events in the ARCH by Duke Clinical research Institute, did show an
increased risk of major adverse cardiac events (MACE), a vital end point used in clinical trials. The MACE (comprises
cardiovascular death, nonfatal myocardial infarction or nonfatal stroke) hazard ratio in the ARCH was 1.87 (95% CI 1.11,
1.34), demonstrating increased risk of serious myocardial infarction and stroke.”® However, a meta-analysis of the
ARCH, FRAME, and BRIDGE trials did not show a statistically significant increase in MACE events.>* Given the black
box warning and the need for further information, romosozumab should not be used in patients who have had a
myocardial infarction or stroke within the previous year. Consideration needs to be given, and discussion with the
patient is important regarding the risks and benefits of treatment, particularly if the patient has other cardiovascular risk
factors. Further surveillance and data are needed to monitor and better delineate the cardiovascular risks associated with
romosozumab.

Romosozumab: Guidelines
After completion of 1 year of romosozumab, the guidelines recommend transitioning to an antiresorptive therapy to
maintain BMD gains and reduce fracture risk.'>*> The 2020 American Association of Clinical Endocrinology guidelines
and 2020 Endocrine Society Guidelines recommend romosozumab for patients at very high risk for fractures (Table 2).
The International Osteoporosis Foundation (IOF) and the European Society for Clinical and Economic Aspects of
Osteoporosis and Osteoarthritis (ESCEO) recommend osteoanabolic treatments in patients at very high risk for fractures
as well. The IOF-ESCEO guidelines defined very high risk as a fracture probability that lies above the upper assessment
threshold of the FRAX assessment, with or without the inclusion of BMD.>®

There is increasing evidence supporting the use of osteoanabolic agents as an initial agent, such as romosozumab, in
treating very high-risk patients, given the superior gains in BMD and superior anti-fracture efficacy.”® As previously
noted, one year of romosozumab treatment followed by alendronate is superior in preventing vertebral and clinical
fractures compared to alendronate alone.?® One year of romosozumab treatment, followed by 2 years of denosumab or 1
year of intravenous zoledronic acid, have been shown to be effective for osteoporosis treatment. In patients at very high
risk for fracture, for example, those who sustained a recent osteoporotic fracture, the risk for a subsequent fracture is
increased several-fold within the first two years after this index fracture.>’” Compared to antiresorptive medications,

Table 2 Definition of Very High Risk of Fracture American Association of Clinical Endocrinology Guidelines 2020, Endocrine Society
Guidelines 2020

American Association of Clinical Endocrinology Guidelines 2020 Endocrine Society Guidelines 2020

Very High Risk Very High Risk
® Recent fracture in the past 12 months. o Multiple spine fractures and a BMD at the hip
o Multiple fractures or spine of < —2.5

® Fractures while on approved osteoporosis therapy

® Fractures while on drugs causing skeletal harm

o High risk for falls or history of injurious falls

e A very low T score (<-3.0)

o A very high fracture probability by fracture risk assessment tool (major osteoporotic
fracture >30%, hip fracture >4.5%)
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osteoanabolic agents such as teriparatide, abaloparatide, or romosozumab can act more rapidly by increasing BMD and
reducing vertebral and nonvertebral fractures. Therefore, they may serve as a “rescue drug” to rapidly reduce fracture risk
for patients at very high risk for fracture.'?

Romosozumab: Sequencing of Treatment Considerations and Treat to
Target

In the treat-to-target approach, the goal is to identify a treatment target representing an acceptable proxy for fracture risk
and initiate treatment with a medication likely to reach the target. Treatment is continued if the patient is on a path to
achieving the target, and treatment is changed if the target is not attainable with initial therapy. In a treat-to-target
approach, careful therapy selection is critical, and the sequence of various osteoporosis medications may be clinically
relevant as they may have different effects on T-score and BMD.*** Data from the ARCH trial showed that total hip
T-score achieved with alendronate or romosozumab treatment (6—24 months) correlated with subsequent fracture risk.*
These findings support using the T-score, or BMD, as a proxy for fracture risk in a treat-to-target approach for
osteoporosis. Future studies may identify yet other proxies for fracture risk and thus provide additional treat-to-target
goals.

As discussed in prior sections, romosozumab followed by antiresorptive treatments maintains bone density gains or
even yields further increases.””~° The fracture risk reduction persisted or improved after the transition from an
osteoanabolic agent to an antiresorptive agent.”>** The ARCH and FRAME enrolled patients with a significant wash-
out period if they had been taking bisphosphonates. However, anabolic responsiveness may differ when osteoanabolics
are used after an antiresorptive, such as a bisphosphonate or denosumab. Data suggests that the anabolic effect of
osteoanabolics, when used after antiresorptive medication, may be blunted and variable based on the antiresorptive used
before the course of osteoanabolic agents.*'**> For example, when teriparatide was used after denosumab or alendronate,
there was transient (12-24 months) BMD loss in the hip, while the gain in BMD in the spine was attenuated.*****

The STRUCTURE study provided valuable information regarding the effects of romosozumab after antiresorptive
treatment (Table 1). In the STRUCTURE study, 436 postmenopausal women aged 55-90 years, who had received oral
bisphosphonates for more than three years and alendronate during the year before screening, were randomized to receive
either romosozumab or teriparatide. In both romosozumab and teriparatide groups, there was improved spine BMD after
12 months of treatment, although gain in BMD in the spine was more significant in the romosozumab group. However,
for hip BMD, at 12 months, BMD gain and hip strength (based on finite element analysis) decreased in the group
randomized to teriparatide compared to a 2.9% increase in total hip BMD, with associated increased hip bone strength in
the romosozumab group.*> Because data has suggested that more significant increases in BMD are associated with an
enhanced reduction in fracture risk,*® these data suggest that romosozumab may be a better treatment option than
teriparatide for patients who are at high risk for fracture (low hip T-score) when transitioning from bisphosphonate to
osteoanabolic agent.*’

To evaluate the effect of treatment sequence on the anabolic effect of romosozumab, Cosman et al*® compared
reviewed data from studies where romosozumab was administered before an antiresorptive agent (FRAME and
ARCH)*?° and compared them to studies where romosozumab was administered after antiresorptive therapy
(STRUCTURE, phase 2 extension).*>** When romosozumab was administered before antiresorptive treatment, one
year of romosozumab treatment led to an increase in total hip BMD of 6.0-6.2% and a gain in lumbar spine BMD of
13.1-13.7%. When one year of romosozumab treatment was preceded by alendronate, total hip BMD increased by 2.9%,
while lumbar spine BMD increased by 9.8%. When romosozumab treatment was preceded by denosumab, total hip BMD
increased by 0.9%, while lumbar spine BMD increased by only 5.3%. Overall, these studies demonstrate that over two
years, one year of romosozumab, followed by one year of denosumab or alendronate, led to more significant improve-
ment in BMD improvement as compared to 1 year of denosumab followed by one year of romosozumab. There were
more considerable BMD gains with romosozumab use before antiresorptive rather than romosozumab use following
antiresorptive therapy. Since more significant increases in BMD are associated with a more efficacious reduction in
fracture risk, romosozumab followed by antiresorptive may thus result in more substantial fracture risk reduction
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efficacy.”® Nevertheless, if indicated, osteoanabolics, especially romosozumab, can be used after antiresorptive medica-
tions as they do provide bone density gain and fracture risk protection.*’

Comparison of Romosozumab with Other Medications for Osteoporosis
Treatment: Head-to-Head Studies

Fracture Reduction Superiority of Romosozumab as Compared to Alendronate

Most osteoporosis treatment trials use a placebo as a comparator. The ARCH study is one of the few head-to-head trials
showing the fracture benefit of one osteoporosis drug over another. The ARCH study showed that at 12 months, the
romosozumab group showed a 37% risk reduction of vertebral compression fractures and a 28% risk reduction of clinical
fractures compared to the alendronate group. The superior fracture protection benefit was maintained after the transition
from romosozumab in year 1 to alendronate in year 2, where the romosozumab-alendronate group vertebral fracture
relative risk reduction was 37%. The clinical fracture relative risk reduction was similarly beneficial at 28% compared to
2 years of alendronate treatment.

BMD Improvement Comparisons as Compared to Alendronate and Teriparatide

In comparing romosozumab with alendronate (ARCH trial), more significant gains in BMD at the hip and spine after one
year of romosozumab were seen compared to 1 year of alendronate. Similar findings were noted in two phase 2 studies of
romosozumab. In these phase 2 studies, romosozumab was compared to teriparatide and alendronate. There were more
significant increases in BMD in patients who received romosozumab than alendronate.’*>" In the aforementioned phase 2
studies, one year of romosozumab was associated with greater BMD increases at the hip and spine compared to
teriparatide.”® There are emerging data that more significant bone density gains are associated with greater fracture
risk reduction.*® These data might suggest that romosozumab may provide a unique benefit to high-risk patients in the
treatment of osteoporosis.

Cost Considerations

Health economic considerations also play an essential role in determining the agent of choice for the treatment of
osteoporosis. At this point, in the United States, economic analyses do not strongly support the use of romosozumab
compared to antiresorptive medications in all patients with osteoporosis.'> Osteoanabolic agents, such as romosozumab,
are branded medications and cost significantly more than generic antiresorptive medications, such as alendronate. A
study from the National Institute for Health Research in the United Kingdom showed that incremental cost-effectiveness
ratios (ICER) of osteoanabolics, such as romosozumab, generally were more than the commonly used willingness to pay
thresholds of £20,000-30,000 per quality-adjusted life-year (QALY).'® In patients with a very high-risk fracture in
Sweden, sequential treatment with romosozumab followed by alendronate was found to have an ICER of €33,732,
compared to alendronate alone. At a Swedish reference willingness-to-pay per QALY of €60,000, romosozumab to
alendronate had a 97.9% probability of being cost-effective against alendronate alone. The authors concluded that
romosozumab followed by alendronate might be a cost-effective option in the treatment of severe osteoporosis with high
risk of fracture in postmenopausal women.’” In Canada, cost analysis in postmenopausal women with very high risk of
fracture has found that romosozumab transitioned to 4 years of alendronate is likely to be cost effective at any decision-
maker threshold, including the commonly quoted 50,000 per QALY gained in Canada as compared to 5 years of
alendronate alone, or 5 years of risedronate alone.”® Romosozumab transitioned to bisphosphonates may be a cost-
effective treatment for postmenopausal women with history of osteoporotic fracture who are at very high risk for

fracture.” >

Summary

Romosozumab is one of the most potent bone anabolic agents available to date, and it holds significant potential to
increase our ability to treat osteoporosis. Romosozumab should be avoided in patients who had stroke or myocardial
infarction in the preceding year, although further studies are required to clarify increased cardiovascular risk attributable
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to romosozumab. Romosozumab has demonstrated potent osteoanabolic effect and improves bone architecture.
Romosozumab when used in initially followed by currently available antiresorptive agents demonstrates significant
fracture reduction potential. Romosozumab may be most beneficial in patients at very high risk or who are at imminent
risk for fracture (due to a recent fragility fracture). Recent studies have provided invaluable information into how to use
romosozumab in combination with other osteoporosis medications. Future studies are needed to provide information
regarding safe and optimal use romosozumab to most benefit patients with osteoporosis.
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