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Abstract

Review Article

Introduction

Osteoporosis is known to be associated with a severe loss of 
both bone mineral density (BMD) and protein, along with 
alteration in bone structure, thus resulting in not only the 
loss of bone strength but also increased risk of fractures as 
well. It is the most common bone-related disorder among 
the elderly, particularly in postmenopausal women.[1] About 
30% of women are osteoporotic in Europe and the United 
States, and a similar rate has been found in India as well.[2,3] 
As of 2015, nearly 46 million Indian women were having 
osteoporosis.[4] Primary osteoporosis develops because of 
aging or postmenopausal estrogen deficiency, while secondary 
osteoporosis is multifactorial involving lifestyle changes, 
endocrine disorders, genetic diseases, or drugs. The condition 
is usually diagnosed accidentally as it remains silent until 
the patient encounters a fracture with or without preceding 
trauma, mostly involving vertebrae, proximal femur, and 
distal forearm. Dual X-ray absorptiometry assesses BMD and 
is indicated for confirming the diagnosis of osteoporosis.[5] 

Osteoporosis is confirmed with a T-score of <−2.5 standard 
deviation (SD), and a T-score (−1 and −2.5 SD) indicates 
osteopenia.[5] The concept behind the management of 
osteoporosis is to inhibit osteoclast-mediated bone resorption 
and stimulate osteoblast-mediated bone formation. While the 
majority of the drugs available for osteoporosis act primarily by 
inhibiting bone resorption, bone formation is rather suppressed 
as a secondary phenomenon. The currently available drugs 
for the management of osteoporosis are bisphosphonates, 
denosumab, teriparatide, strontium ranelate, raloxifene, and 
calcitonin.[6] However, with these drugs which mainly act as 
antiresorptive, the bone remodeling may be slowed down, 
but there is no significant decrease in the risk of developing 
fractures, thus creating an unmet need among the patients of 
osteoporosis who are on antiresorptive therapy.[7] Apart from 
that, it has been observed that the use of bisphosphonates in 
the Asian population was associated with the possibility of 
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developing atypical fractures, and with zoledronate, there 
is a risk of developing symptomatic hypocalcemia and 
hypophosphatemia.[8,9] Romosozumab is the most recent drug 
approved for this indication. Further, the article will only focus 
on the pharmacology of romosozumab.

Romosozumab (Evenity/AMG 785)
There is an unmet need for drugs that not only restore the 
bone structure but also decrease the risk of fracture among the 
patients of osteoporosis. To fulfill this requirement, drugs that 
can promote bone formation are desired. Romosozumab, the 
newest among antiosteoporotic agents developed by Amgen 
and UCB, seems to fulfill this unmet need. This monoclonal 
antibody (immunoglobulin G2) targets sclerostin, which is a 
crucial inhibitor of bone formation, and whose deficiency is 
known to result in sclerosteosis (usually manifesting as an 
abnormally high bone mass).[10] The mechanism by which 
this novel drug brings about its effect, i.e., inhibiting the 
bone loss and increasing the bone strength, is illustrated 
in Figure 1.[11] Apart from the depicted effects, it has been 
observed that romosozumab brings about an increase in the 
level of the marker for bone synthesis, i.e., procollagen type 1 
N-telopeptide (P1NP), as well as it also causes a reduction in 
type 1 collagen C-telopeptide (CTX) which is a bone resorption 
marker.[12] At a dose of 210 mg, the drug achieves a maximum 
serum concentration (Cmax) of 5.8 mcg/mL. The median time 
to reach the maximum level is 5 days, with the volume of 
distribution being 3.9 L. It follows nonlinear pharmacokinetics; 
hence, following a higher dose administration, there occurs a 
disproportionate increase in serum concentration. The mean 
clearance of romosozumab is 0.38 mL/h/kg, with a half-life of 
12.8 days. It gets metabolized by degrading into small peptides. 
The fallacy is that antibodies against romosozumab may lead 
to its decreased concentration[13] [Table 1].

Preclinical Studies

The antiosteoporotic activity of antibody against sclerostin 
(AMG 785) was assessed in different animal models of 
osteoporosis. These studies were conducted in ovariectomized 
rats for 12 months and cynomolgus monkeys for 6 months, and 

no major noxious effects were noted in rats and monkeys in 
doses up to 100 mg/kg.[14] Another study assessed the effect of 
transition from anti-sclerostin antibody to receptor activator of 
nuclear factor-κB ligand (RANKL) inhibitor in ovariectomized 
rats and demonstrated positive effects on bone formation and 
resorption, thus resulting in improved bone mass and strength 
which were sustained with the subsequent course of RANKL 
inhibitor osteoprotegerin.[15] Further lifetime carcinogenicity 
studies (up to 98 weeks) in rats did not show any carcinogenic 
potential of romosozumab in doses up to 19 times that of 
clinical exposure.[16] It has also not been found to affect fertility 
in rats (both males and females; <300 mg/kg); however, its 
mutagenic potential had not been assessed.[13]

Clinical Studies

Following preclinical studies, AMG 785 underwent different 
phases of human studies. A total of 17 clinical trials have 
been conducted, among which a majority of the trials are 
complete (with the submission of results). Out of these 17 
clinical trials conducted, 6 were Phase I trial,[17-22] 4 were Phase 
II,[23-26] and 7 were Phase III trials.[27-33] We will mainly focus 
on Phase III trials involving a maximum number of patients, 
simultaneously emphasizing the significant findings of Phase 
I and II trials, which may be of clinical interest and helpful in 
clinical practice. All the clinical trials have been enumerated 
in Annexure 1.

Phase I trials
Most of the Phase I trials were conducted between 2008 and 
2014 in the United States, involving 24–74 participants who 
were having osteopenia or osteoporosis and were observed 
for 85–169 days. It was evident in various Phase I studies of 
romosozumab that its use in healthy volunteers of either sex 
brought about rise and fall of bone formation and resorption 
markers respectively.[17,19] In the study involving patients of 
Stage 4 renal impairment and end-stage renal disease, 8 patients 
were enrolled in each group and observed for adverse events 
for 85 days. Two patients, one from each group, developed 
serious adverse events, i.e., anemia and mitral valve disease, 
respectively. Other than this, no serious adverse effect was 
reported.[21]

Phase II trials
These studies were conducted in various parts of the world 
involving 252–419 patients who were having postmenopausal 
osteoporosis or looked for fracture healing and were observed 
for 5–12 months. In a crucial Phase II trial, 419 postmenopausal 
women with low bone mineral density (BMD) were assessed for 
responses of romosozumab.[24] The patients were randomized 
and received either romosozumab 70, 140, or 210 mg monthly, 
or in doses of 140 mg or 210 mg every 3 months, or placebo. 
The remaining participants were randomly administered 
alendronate 70 mg weekly, teriparatide 20 mcg subcutaneously 
daily/zoledronic acid 5 mg annually. The primary outcome was 
to look for percentage difference from baseline to 12 months in 
BMD of the lumbar spine for individuals in the romosozumab 

Figure 1: Mechanism of action of romosozumab. LRP: Low-density 
lipoprotein receptor, Wnt: Wingless-related integration site
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and placebo groups. The result of this study substantiated the 
findings of a Phase I trial, i.e., romosozumab led to a rise in 
the bone formation markers from baseline within a month, 
followed by a return to baseline after 2–6 months depending 
on the dose administered, while on the other hand, it decreased 
the bone resorption marker after 1 week, which remained 
below baseline during the therapy.[12] Romosozumab caused 
an increase in BMD at the spine and proximal femur, and the 
maximum increase was noted with a dose of 210 mg per month. 
Another similar study was conducted in Japan involving 252 
osteoporotic postmenopausal women who were administered 
romosozumab in doses of 70 mg, 140 mg, and 210 mg monthly 
or placebo for 12 months. The primary aim was to look for the 
percentage change in BMD of the lumbar spine at 12 months. 
All these doses led to a remarkable improvement in BMD 
compared to the initial status and placebo group.[26] In another 
study (STARTT-Hip) involving 332 patients, who were looking 
for fracture healing from different parts of the world including 
India, romosozumab was given in four doses, i.e.,70 mg, 
140 mg, or 210 mg or placebo subcutaneously on day 1 and at 
2, 6, and 12 weeks. The primary aim was to assess functional 
healing over weeks 6–20 for the romosozumab and placebo 
groups. The results were not encouraging for fracture healing; 
hence, for this condition, the trial was discontinued.[23]

Phase III trials
Three significant trials have been discussed in detail.

Fracture study in postmenopausal women with 
osteoporosis[29]

The clinical trial Fracture study in postmenopausal women with 
osteoporosis was a randomized, double-blind trial involving 
7180 ambulatory postmenopausal women aged between 55 and 
90 years with a T score of –2.5 to –3.5 at the femoral neck, who 
monthly received either romosozumab 210 mg subcutaneously 
or placebo for 12 months, followed by an open-label therapy 
for another 12 months with denosumab 60 mg given every 6 
months for 12 months. The primary outcome was to observe 
for 12 months the incidence of vertebral fracture, which was 
later modified to the percentage of participants with a new 
vertebral fracture through months 12 and 24. At 12 months, 
the risk of new vertebral fractures was decreased by 73% 
(the incidence of vertebral fractures was 0.5% and 1.8% in 
the groups receiving romosozumab and placebo, respectively 
P<0.001). Most fractures in the romosozumab group occurred 

in the first 6 months of treatment. Clinical fractures were 
also reduced by 36% at 1 year in the romosozumab group 
relative to the placebo; fracture incidence was 2.5% and 1.6% 
in the placebo and romosozumab groups, respectively (P = 
0.008). The incidence of nonvertebral fractures was similar 
to the placebo group (P = 0.10). Moreover, at 2 years, the 
incidence of vertebral fractures was significantly less in the 
group, which initially received romosozumab (0.6%) than the 
placebo group (2.5%) (P < 0.001). BMD started increasing 
by 6 months, and at 1 year, the difference from baseline in 
BMD was more in the romosozumab group compared to the 
placebo (P < 0.001). The rise in BMD was noticed in the 
following order lumbar spine >total hip >femoral neck, i.e., 
13.3%, 6.9%, and 5.9%, respectively, compared to the placebo. 
BMD was found to significantly increase further between 12 
and 24 months after the transition into denosumab compared 
to placebo (P < 0.001). The level of P1NP increased initially; 
however, it returned to the starting value at 9 months. At 12 
months, bone resorption maker β-CTX level remained below 
compared to the placebo. The all-cause mortality rate was 
0.7% and 0.8%in the placebo and romosozumab groups, 
respectively. The incidence of adverse events was 8.3% and 
9.1% in the placebo and romosozumab groups, respectively, 
while the injection site reactions were more common in the 
romosozumab group than the placebo (5.2% vs. 2.9%). The 
most common adverse effects reported with romosozumab 
(>10% than placebo) were arthralgia and nasopharyngitis, and 
arthralgia was the most common cause of discontinuation of 
romosozumab. Serious adverse events reported during the trial 
were 9.6% and 8.7% in the romosozumab and placebo groups, 
respectively. Adjudicated serious cardiovascular events were 
relatively more common in romosozumab than placebo (1.2% 
vs. 1.1%). Other adverse events that were less common but are 
of clinical interest in the romosozumab group were atypical 
femoral fracture (one case), osteonecrosis of the jaw (two 
cases), and hypocalcemia (one case).

Active-Controlled Fracture Study in Postmenopausal 
Women with Osteoporosis at High Risk[31]

The clinical trial Active-Controlled Fracture Study in 
Postmenopausal Women with Osteoporosis at High Risk 
(ARCH) was a double-blind, randomized trial involving 
4093 postmenopausal women with osteoporosis and 
fragility fracture, which was conducted in 270 centers in 41 
countries. Women who were mobile and 55–90 years of age 
and fulfill ≥1 of the below-mentioned criteria, i.e., T-score 
of ≤ −2.5 at the femoral neck or complete hip, ≥1 moderate 
or severe vertebral fractures, ≥2 mild vertebral fractures, 
≤−2 at the femoral neck or total hip either ≥2 vertebral 
fractures (moderate/severe), or a proximal femur fracture 
encountered before randomization (3–24 months), were 
included in the trial. The primary endpoints were incidence 
of clinical fracture or new vertebral fracture in 24 months, 
later modified to the percentage of participants with a new 
vertebral fracture in 24 months, and percentage of patients 
with a clinical fracture at primary analysis after completing 

Table 1: Pharmacokinetic properties of romosozumab[13]

Pharmacokinetic parameters Romosozumab (210 mg)
Cmax (mcg/mL) 5.8
Tmax (days) 5
Vd (L) 3.9
Cl (ml/h/kg) 0.38
T1/2 (days) 12.8
Cmax: Maximum concentration achieved, Tmax: Time at which maximum 
concentration achieved, Vd: Volume of distribution, Cl: Clearance, 
T1/2: Half-life of drug in plasma
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month 24 visit. The patients were allotted randomly in a ratio 
of 1:1 and received romosozumab (210 mg once monthly 
subcutaneous) or weekly oral alendronate (70 mg) for 12 
months, followed by alendronate in both the groups. At 24 
months, the risk of new vertebral fractures was decreased 
by 48% (P < 0.001) in the romosozumab-to-alendronate 
group than in the alendronate-to-alendronate group. The 
incidence of clinical fractures was also reduced by 27% 
in the romosozumab-to-alendronate group (P < 0.001). 
Nonvertebral fractures and hip fractures were reduced by 19% 
and 38%, respectively, in the romosozumab-to-alendronate 
group (P = 0.04 and 0.02, respectively). The combination of 
romosozumab for the first 12 months, followed by subsequent 
administration of alendronate, led to a reduced risk of 
fracture as compared to alendronate alone in postmenopausal 
females with osteoporosis and with high risk for fracture. 
The occurrence of serious adverse events at the end of the 
double-blind period, i.e., 12 months, was 1.8% and 12.8% in 
the alendronate and romosozumab groups, respectively. The 
most usual adverse reactions noted were nasopharyngitis and 
back pain, while injection site reactions were more common 
in the romosozumab group (4.4% vs. 2.6%). The incidence 

of adjudicated cardiovascular adverse events was more in the 
romosozumab group as compared to the alendronate group 
(2.5% vs. 1.9%). The adverse cardiovascular events in the 
romosozumab and alendronate groups, respectively, were 
cardiac ischemic events (0.8% vs. 0.3%), cerebrovascular 
event (0.8% vs. 0.3%), death (0.8% vs. 0.6%), and heart 
failure (0.2% vs. 0.4%). At the end of the double-blind period, 
osteonecrosis of the jaw and atypical femoral fracture were 
not observed in either group, however, after the open-label 
period, these were observed in both the groups. The study 
ARCH has certainly seemed superior to the previous one as 
it involved an active comparator. Both the trials are compared 
in Table 2.

BRIDGE[32]

This Phase III double-blind, placebo-controlled trial assessed 
the efficacy of romosozumab in men with osteoporosis. A total 
of 245 men who were 55–90 years old with BMD, T-score 
≤−2.5 at lumbar spine, femoral neck, or total hip or T-score 
≤−1.5 with history of fragility fracture (vertebral/nonvertebral) 
were included in the study. The primary endpoint was 
the mean change in BMD from baseline to endpoint. The 
romosozumab group showed a greater increase in mean BMD 

Table 2: Characteristics of important Phase III clinical trials of romosozumab

Characteristics FRAME NCT01575834[29] ARCH NCT01631214[31]

Condition Postmenopausal women with T-score of 2.5-3.5 Postmenopausal osteoporosis
Age (years, mean±SD) RMZ: 70.9±7.0

PLA: 70.8±6.9
RMZ: 74.4±7.5
ALD: 74.2±7.5

Intervention RMZ: 210(mg) QM, SC / PLA for 12 months followed 
by denosumab 60(mg) SC Q6M for next 12 months

RMZ: 210 (mg) QM SC injections and ALD 70 (mg) once a 
week (oral) for 12 months, followed by alendronate for at least 
another 12 months in both groups

Number of 
participants

RMZ: 3589
PLA: 3591

RMZ: 2046
ALD: 2047

Time frame (months) 24 24
Endpoints Incidences of

New vertebral fractures
Clinical fractures
Nonvertebral fractures (at 12 months and at 24 months)

Cumulative incidences of
New vertebral fractures
Clinical fractures
Nonvertebral fractures (at 24 months)

Results At 12 months, incidences of
New vertebral fractures

RMZ: 0.5%
PLA: 1.8%

Clinical fractures
RMZ: 1.6%
PLA: 2.5%

Nonvertebral fractures
RMZ: 1.6%
PLA: 2.1%

At 24 months, incidences of
New vertebral fractures
RMZ: 6.2%
ALD: 11.9%
Clinical fractures
RMZ: 9.7%
ALD: 13%
Nonvertebral fractures
RMZ: 8.7%
ALD: 10.6%

Most common adverse 
events

Arthralgia
RMZ: 13%
PLA: 12%

Nasopharyngitis
RMZ: 12.8%
PLA: 12.2%

Back pain
RMZ: 9.1%
ALD: 11.3%
Nasopharyngitis
RMZ: 10.4%
ALD: 10.8%

ARCH: Active-controlled fracture study in postmenopausal women with osteoporosis at high risk. FRAME: Fracture study in postmenopausal women 
with osteoporosis. SC: Subcutaneous, QM: Once monthly, Q3M: Once in 3 months, Q6M: Once in 6 months, RMZ: Romosozumab, PLA: Placebo, 
ALD: Alendronate
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at 12 months as compared to the placebo at lumbar spine 
(12.1% vs. 1.2%, P < 0.001), femoral neck (2.2% vs. −2%, 
P < 0.001), and total hip (2.5% vs. −0.5%, P < 0.001). The 
significant increase in BMD was evident as early as 6 months 
at all three sites. Injection site reactions had more incidences 
in the romosozumab group (5.5% vs. 3.7%). The incidence of 
serious adverse events was more in the romosozumab group 
compared to the placebo (12.9% vs. 12.3%). Adjudicated 
serious cardiac adverse effects were higher in the romosozumab 
group compared to the placebo (4.9% vs. 2.5%) including 
cardiac ischemia (1.8% vs. 0%) and cerebrovascular events 
(1.8% vs. 1.2%). Hypocalcemia, atypical fracture of the femur, 
and osteonecrosis of the jaw were not reported.

Contraindications and Precautions

Romosozumab must not be given to patients with a history 
of myocardial infarction or stroke in the previous 12 months, 
and it must be stopped if the patient encounters any of such 
incidents during treatment.[34] The drug must be avoided in 
case of hypocalcemia or with a history of hypersensitivity. 
Atypical subtrochanteric fracture, diaphyseal femoral fracture, 
and osteonecrosis of the jaw have been reported in the clinical 
trials, and these adverse effects should always be kept in mind 
while prescribing this drug, as well as the patients should be 
educated about the same. On the one hand, the drug proves to 
be advantageous, as no dose adjustment is required if patients 
have renal impairment, and on the other hand, its use is still 
not recommended in pregnant or lactating women and the 
pediatric population.[13]

Conclusion

Romosozumab was approved on April 9, 2019, for the treatment 
of osteoporosis in postmenopausal women at a considerable 
fracture risk. Its availability in the market will fulfill the unmet 
need of those drugs which stimulate bone formation as well 
as retard bone resorption simultaneously. However, once the 
drug gets marketed, it will become due responsibility of the 
manufacturer as well as the vigilance program of respective 
countries, to keep this drug under surveillance for any 
undiscovered effects. Because of the adverse effect profile, 
which is yet to be discovered, and the black box warning issued 
to this drug, its use should be cautious and under supervision.

Take-Home Message

1.	 This novel anti-sclerostin monoclonal antibody, 
romosozumab, promotes bone formation which leads to 
a rapid and persistent increase in BMD.

2.	 Romosozumab prevents ver tebral, clinical, and 
nonvertebral fractures.

3.	 It is possibly superior to alendronate; however, more 
studies are required to strengthen the finding.

4.	 A black box warning issued regarding its use in cardiac 
patients gives a dent to its reputation.
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