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Introduction

In April 2019, the Food and Drug Administration (FDA) 
approved romosozumab (Evenity; Amgen Inc), the first 
sclerostin inhibitor, for the treatment of osteoporosis in 
postmenopausal women at high risk of fracture. Osteoporosis 
affects more than 10 million Americans and leads to more 
than 2 million osteoporosis-related fractures each year.1 In 
individuals over the age of 65 years, osteoporosis affects 
women more than men, with 25% of women afflicted in 
comparison with 5% of men.2

Bone remodeling occurs as a result of continuous osteo-
clast-controlled bone resorption and osteoblast-controlled 
bone formation. As individuals age, an imbalance in the 
bone remodeling process occurs, favoring bone resorption 
over bone formation.3 Sclerostin, a glycoprotein produced 
primarily by osteocytes, significantly inhibits bone forma-
tion and indirectly stimulates bone resorption. The impetus 
behind inhibiting sclerostin resulted from evidence in 2 
rare genetic disorders, sclerosteosis and van Buchem’s dis-
ease, where patients lacking sclerostin suffered from 

complications associated with bone thickening.3 Targeting 
sclerostin inhibition is an innovative pathway to stimulate 
bone formation.

Data Selection

Relevant articles were identified through a comprehensive 
search of PubMed (1966-August 2020) and International 
Pharmaceutical Abstracts (1970-August 2020) using the key 
terms romosozumab, sclerostin inhibitor, Evenity, and 
AMG785. All relevant English-language articles of studies 
assessing pharmacokinetics, efficacy, or safety of romoso-
zumab were selected. In addition, a review of bibliographies 
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of retrieved articles was performed to identify additional ref-
erences. The manufacturer product labeling, Evenity website, 
and ClinicalTrials.gov also served as resources.

Pharmacology

Romosozumab, a sclerostin inhibitor, is a monomeric gly-
coprotein secreted by osteocytes.4,5 Sclerostin binds to 
osteoblasts via the low-density lipoprotein receptor protein 
5 and 6 and frizzled co-receptor, thereby inhibiting the Wnt 
signaling pathway. Accordingly, sclerostin decreases osteo-
blastic formation and has a pivotal role in skeletal develop-
ment (Figure 1).4,6,7 Romosozumab binds to sclerostin and 
prevents inhibition of the Wnt signaling pathway, thereby 
promoting osteogenesis and, to a lesser extent, reducing 
bone resorption. The result is an increase in bone mass in 
both cortical and trabecular bone.4 Markers of bone forma-
tion return to baseline within 12 months of discontinuation 
of romosozumab.

Pharmacokinetics

Romosozumab is a humanized immunoglobulin G2 mono-
clonal antibody (romosozumab-aqqg) and is adminis-
tered monthly via subcutaneous (SQ) injection.4 An 
overview of the pharmacokinetic parameters of romoso-
zumab is provided in Table 1. Administration of a single 

210 mg dose results in a peak plasma concentration (Cmax) 
of 22.2 ± 5.8 µg/mL and a mean area under the plasma 
drug concentration-time curve of 389 µg*day/mL.4,8 
Steady state concentrations are achieved by month 3. 
Romosozumab exhibits nonlinear pharmacokinetics. As 
the dose is increased, clearance of romosozumab 
decreases and exposure to the drug increases at a greater 
rate relative to the given dose.

During clinical trials, the formation of anti-romoso-
zumab-aqqg antibodies in clinical trials led to decreased 
romosozumab-aqqg concentrations. No apparent effects 
on pharmacokinetic or safety were observed. Increased 
body weight is associated with a decreased exposure to 
romosozumab-aqqg. However, decreased exposure had 

Figure 1.  Mechanism of romosozumab. Effects of Wnt signaling and role in bone turnover. Abbreviations: P1NP, procollagen type 1 
N-propeptide; OC, osteocalcin; BSAP, bone-specific alkaline phosphatase; sCTx, serum C-telopeptide.
Reprinted from Padhi et al.6 Reprinted with permissions of Oxford University Press.

Table 1.  Pharmacokinetic Parameters of Romosozumab-aqqg 
After Subcutaneous Administration.4,8

Absorption Tmax of 5 days (range 2 to 7 days)
Distribution Estimated volume of distribution at steady 

state is 3.92 L
Metabolism Not characterized. Expected to be 

catabolized into amino acids and smaller 
peptides similar to the metabolic pathway 
for human immunoglobulin G.

Elimination Estimated systemic clearance of 0.38 mL/kg/h
t1/2 of 12.8 days after 3 monthly doses
Exhibits nonlinear pharmacokinetics
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minimal impact on bone mineral density (BMD). Dose 
adjustments are not required based on body weight.4

Clinical Trials

Two pivotal phase I studies evaluated the pharmacokinet-
ics, pharmacodynamics, safety, and tolerability of romo-
sozumab6,8 (Table 2). The first in-human trial, evaluated 
72 healthy men and postmenopausal women.8 Subjects 
were randomized to receive a single dose of romoso-
zumab SQ (0.1 mg, 0.3 mg, 1 mg, 5 mg, or 10 mg/kg), 
intravenously (1 mg or 5 mg/kg), or placebo. Single dose 
by either route of administration resulted in increased 
bone formation markers in a dose-dependent fashion 
(procollagen type 1 N-propeptide [P1NP], bone-specific 
alkaline phosphatase [BAP], and osteocalcin). A decrease 
was observed in serum C-telopeptide (sCTx), a bone 
resorption marker. The largest increase in BMD occurred 
with the SQ dose of 10 mg/kg at the lumbar spine (5.3%, 
P < .01) and at the total hip (2.8%, P < .01), compared 
with placebo.8

A subsequent double-blind, placebo-controlled, study 
randomized 32 postmenopausal women and 16 healthy men 
with low bone mass for a 12-week treatment period, fol-
lowed by a 12-week treatment-free period.6 Postmenopausal 
women received SQ doses of 1 or 2 mg/kg once every 2 
weeks; 2 or 3 mg/kg once every 4 weeks; or placebo. Men 
received 1 mg/kg once every 2 weeks; 3 mg/kg once every 
4 weeks; or placebo. Multiple doses increased bone forma-
tion markers (P1NP, osteocalcin, BAP) and decreased sCTx 
levels. Increases in BMD at the total hip (~2% to 3%) were 
noted for women in the 2 mg/kg every 2 weeks and the 3 
mg/kg every 4 weeks groups. Increases persisted through 
follow-up at 24 weeks.

A phase II trial evaluated the safety and efficacy of romo-
sozumab in 419 postmenopausal women aged 55 to 85 years, 
over a 12-month period.9 Women with a T-score of −2.0 at 
the lumbar spine, femoral neck, or total hip and −3.5 or more 
at each of the 3 sites, were randomized to receive romoso-
zumab monthly (70 mg, 140 mg, or 210 mg SQ), romoso-
zumab every 3 months (140 or 210 mg SQ), placebo SQ, or 
open-label comparators (oral alendronate 70 mg weekly or 
teriparatide 20 µg SQ daily). Percent change of BMD from 
baseline was the primary endpoint. Increases in BMD at the 
lumbar spine were observed in romosozumab subjects (all 
doses pooled), compared with placebo (P < .001). The larg-
est gain occurred in the 210 mg monthly cohort. At 12 
months, BMD was significantly increased from baseline by 
11.3%, 4.1%, and 3.7%, at the lumbar spine, total hip, and 
femoral neck, respectively. These increments were signifi-
cantly larger than those observed with alendronate or teripa-
ratide (P < .001 for all comparisons).

Changes in BMD with romosozumab was also evaluated 
in postmenopausal Japanese women with osteoporosis.10 
Women with a T-score <−2.5 were randomized to 

romosozumab (70 mg, 140 mg, 210 mg) SQ once monthly 
for 12 months, or placebo. All romosozumab doses increased 
BMD compared with placebo (P < .01). Similar to the pre-
vious trial, the 210 mg dose produced the largest gain from 
baseline (16.9%, P < .001), when compared with the 70 and 
140 mg dose (8.4%, 13.3%, respectively; P < .001). All 
doses increased bone formation marker P1NP and decreased 
bone resorption marker sCTx at week 1, compared with pla-
cebo (P < .001). The mean age in this study was 67.7 years 
with average T-scores of −2.7, −1.9, and −2.3 at the lumbar 
spine, total hip, and femoral neck, respectively. Adverse 
events were comparable between the groups.

FRAME (Fracture Study in Postmenopausal Women 
with Osteoporosis) was the first published Phase III trial to 
evaluate efficacy of romosozumab in vertebral and nonver-
tebral fracture risk reduction.11 Postmenopausal women (n 
= 7180) with a T-score of −2.5 to −3.5 at total hip or femo-
ral neck were randomized to receive monthly SQ injections 
of romosozumab 210 mg or placebo for 12 months. After 1 
year, subjects in each group received the antiresorptive 
treatment denosumab 60 mg SQ every 6 months for 12 
months. Women with a history of hip fracture, metabolic 
bone disease, osteonecrosis of the jaw, low 25-hydroxyvi-
tamin D levels (<20 ng/mL), or current hypocalcemia or 
hypercalcemia were excluded from the trial. Subjects with 
a baseline 25-hydroxyvitamin D of <40 ng/mL were given 
a loading dose of 50 000 to 60 000 IU of vitamin D at trial 
initiation. All subjects received daily calcium (500-1000 
mg) accompanied by vitamin D3 or D2 (600-800 IU).

Primary endpoints in the FRAME trial included the cumu-
lative incidence of new vertebral fractures at 12 and 24 
months. Secondary endpoints were the incidence of clinical 
fracture (composite of symptomatic vertebral fracture and 
nonvertebral fracture), nonvertebral fracture, new or worsen-
ing vertebral fracture, hip fracture, major osteoporotic frac-
ture, and multiple new or worsening vertebral fractures at 12 
and 24 months. Romosozumab use revealed a 73% risk reduc-
tion in new vertebral fracture, compared with placebo (0.5% 
incidence in romosozumab vs 1.8% in placebo; risk ratio [RR] 
= 0.27; 95% confidence interval [CI] = 0.16-0.47). A nonsig-
nificant difference was reported for nonvertebral fractures at 
12 months (1.6% in romosozumab vs 2.1% in placebo; hazard 
ratio = 0.75; 95% CI = 0.53-1.05; P = .10).

Denosumab was added to both groups at 12 months to 
maintain the gains observed in BMD. The 24-month inci-
dence of new vertebral fractures was 75% lower in the romo-
sozumab group (RR = 0.25; 95% CI = 0.16-0.40; P < .001). 
An extension to the FRAME study assessed an additional 
year of SQ denosumab administered every 6 months.12 
Significant fracture risk reduction was sustained through 36 
months, as well as increases in BMD. Adverse events and 
serious adverse events were similar between the 2 groups.

Women with a previous fragility fracture were evaluated 
in the Active-Controlled Fracture Study in Postmenopausal 
Women with Osteoporosis at High Risk (ARCH).13 Saag 
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and colleagues compared romosozumab as initial therapy 
transitioning to alendronate, versus alendronate treatment 
alone. Over 4000 women (mean age 74.3 years) were ran-
domized to receive monthly SQ romosozumab (210 mg) or 
weekly alendronate (70 mg) for 12 months. After 1 year, all 
subjects received weekly oral alendronate (70 mg) for an 
additional year. The exclusion criteria was similar to the 
FRAME study, with the added exclusion of glomerular fil-
tration rate below 35 mL/min. Subjects also received cal-
cium and vitamin D as described in the FRAME study. The 
primary end points included incidence of new vertebral 
fracture at 24 months and incidence of clinical fracture 
(nonvertebral and symptomatic vertebral fracture). BMD at 
12 and 24 months was a secondary end point.

Results of the ARCH trial showed a 48% lower risk of 
new vertebral fracture in the romosozumab/alendronate 
group, compared with the alendronate/alendronate group 
(6.2% [127 of 2046 subjects] vs 11.9% [243 of 2047 sub-
jects]; RR = 0.52; 95% CI = 0.40-0.66; P < .001) and a 
19% reduction in nonvertebral fractures (hazard ratio = 0.81; 
95% CI = 0.66-0.99; P = .04). In addition, hip fractures 
occurred in 41 of 2046 subjects in romosozumab/alendronate 
group compared with 66 of 2047 subjects in the alendronate/
alendronate group, a 38% risk reduction (hazard ratio = 
0.62; 95% CI = 0.42-0.92; P = .02). Serious cardiovascular 
(CV) adverse events observed in the first year of the trial 
included 50 subjects (2.5%) in the romosozumab group and 
38 (1.9%) in the alendronate-treated group.

Romosozumab was compared with teriparatide in a 
smaller international multicenter study in women previ-
ously treated with a bisphosphonate for at least 3 years.14 
Postmenopausal women with osteoporosis were randomly 
assigned romosozumab 210 mg SQ monthly (n = 218) or 
teriparatide 20 µg SQ once daily (n = 218). The primary 
endpoint was change in BMD. Change from baseline at 
total hip was a 2.6% increase in the romosozumab arm and 
a 0.6% decrease in the teriparatide group: a between group 
of difference 3.2% (95% CI = 2.7-3.8; P < .001). Changes 
in BMD at the femoral neck and lumbar spine were also 
significantly greater in the romosozumab group at 6 and 12 
months. Frequency of adverse events were similar between 
the treatment groups. The authors concluded transitioning 
from a bisphosphonate to romosozumab led to gains in hip 
BMD, which were not seen with teriparatide.

Safety

Adverse events occurring in >5% of subjects in clinical tri-
als with romosozumab include arthralgia and headache.4 
Injection site reactions have been reported in approximately 
5% of subjects; however, this adverse event did not appear 
to recur with subsequent injections.3,4

In 2017, the FDA denied approving romosozumab 
requesting additional information on CV risk.15 This deci-
sion was based, at least in part, on results of the ARCH trial 

that showed an imbalance between groups in CV-related 
adverse events.13 In order to gain FDA approval, Amgen 
Pharmaceuticals included a boxed warning in the product 
labeling outlining the potential risk of myocardial infarc-
tion (MI), stroke, and CV death associated with romoso-
zumab use.4 The boxed warning includes the following 
recommendations: romosozumab should not be used in 
patients who have had an MI or stroke in the past year, and 
in patients with CV risk factors, the benefits versus risks 
should be evaluated on a per patient basis.4 In addition, a 
pharmacovigilance plan that includes postmarketing moni-
toring for drug safety and periodic safety reports to the 
FDA must be completed by the manufacturer.16

Other serious adverse events, including osteonecrosis of 
the jaw (ONJ) and atypical femur fractures, are of concern 
in medications that decrease bone resorption. In the FRAME 
trial, there were 2 reported cases of ONJ (one in the romo-
sozumab group and one in the romosozumab followed by 
denosumab group).11 In the ARCH trial, there were no cases 
of ONJ reported in the first year of treatment. However, 2 
cases were reported in the second 12-month period (one in 
the alendronate/alendronate group and one in the romoso-
zumab/alendronate group).13 As a precaution, the product 
labeling suggests patients being initiated on romosozumab 
should receive a routine oral examination prior to drug ini-
tiation.4 Atypical femur fracture was reported in one subject 
in the FRAME trial who received romosozumab, while 
there were 6 reported cases in the ARCH trial (4 in the alen-
dronate/alendronate group and 2 in the romosozumab/alen-
dronate group).11,13

Drug Interactions

While there are no drug interactions listed in the official 
product labeling, there is a potential, theoretical interaction 
between romosozumab and other medications that cause 
hypocalcemia.4 Therefore, caution should be exercised if 
romosozumab is used concomitantly in patients who take 
medications associated with hypocalcemia. If the combina-
tion cannot be avoided, serum calcium levels should be 
monitored and patients should be educated about the signs 
and symptoms of hypocalcemia.

Dosing and Administration

Romosozumab is administered at a dose of 210 mg SQ 
monthly for 12 months.4 Each prefilled syringe of romoso-
zumab contains 105 mg; thus, 2 syringes are administered 
at each dosing interval to achieve a total dose of 210 mg. 
Romosozumab is administered via injection by a health 
care professional into the abdomen, thigh, or upper arm; 
injection sites should be rotated to minimize patient dis-
comfort. In the event of a missed dose, romosozumab 
should be administered as soon as possible and the new 
monthly dosing schedule should be based on the date of 
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the most recent injection.4 Use of romosozumab should be 
limited to 12 months as the anabolic effects diminish after 
that time.4 Romosozumab should be kept in the refrigera-
tor; however, the medication should be allowed to reach 
room temperature (approximately 30 minutes) before 
administration. Patients should be counseled regarding 
appropriate calcium and vitamin D intake in order to pre-
vent hypocalcemia.

The dose of romosozumab does not require adjustment 
in patients with renal impairment. Patients with severe 
impairment and/or those who are on dialysis may be at 
greater risk for hypocalcemia and should be monitored 
closely. In addition, these patients should receive adequate 
calcium and vitamin D supplementation.4

Place in Therapy

Fractures due to osteoporosis lead to reduced mobility, pain, 
and decreased independence and quality of life. The risk of 
a subsequent fracture is approximately doubled after a first 
fracture.17 Treatment of osteoporosis targets either inhibi-
tion of bone resorption (bisphosphonates, denosumab, 
estrogen, raloxifene) or stimulation of bone formation 
(teriparatide, abaloparatide), in combination with calcium 
and vitamin D. Romosozumab is the first agent to inhibit 
bone resorption and stimulate bone formation.18

Following the approval of romosozumab, the Endocrine 
Society updated recommendations to include the addition 
of romosozumab (Figure 2).18 Bisphosphonate therapy is 

Figure 2.  Treatment algorithm for management of postmenopausal osteoporosis. Categories have been defined based on the 
fracture risk assessment tool (FRAX). Low risk includes a bone mineral density (BMD) T-score at the hip and spine above −1.0 and 
a 10-year hip fracture risk <3%, a 10-year risk of major osteoporotic fracture <20%, and no prior hip or spine fracture. Moderate 
risk includes a BMD T-score at the hip and spine both above −2.5, and a 10-year hip fracture risk <3%, or risk of major osteoporotic 
fracture <20%, and no prior hip or spine fracture. High risk includes a BMD T-score at the hip and spine above −2.5 or below, or a 
10-year hip fracture risk >3%, or risk of major osteoporotic fracture >20%, or a prior hip or spine fracture. Very high risk includes a 
BMD T-score at the hip and spine above −2.5 or below, and multiple spine fractures. Reprinted from Shoback et al.18 Reprinted with 
permission of Oxford University Press.



Miller et al	 51

still recommended as initial treatment for osteoporosis in 
most women; these agents are low cost and have estab-
lished clinical experience. Switching to an agent in a dif-
ferent class is often based on patient preference, tolerability, 
or failure of therapy (defined as loss of BMD >5% in lum-
bar spine and femoral neck, or 4% in total hip).19 An over-
view of currently available options is provided in Table 3. 
Denosumab may be used as an alternative initial treatment 
in patients who cannot tolerate bisphosphonates or comply 
with dosing recommendations. The anabolic agents teripa-
ratide, abaloparatide, and now romosozumab are recom-
mended for those at very high risk as defined by multiple 
vertebral fractures and a BMD T-score at the hip or spine 
of −2.5 or below. In clinical trials, BMD significantly 
increased with romosozumab compared with teriparatide 
suggesting romosozumab may be a more potent agent in its 
effect on BMD.18 The list price of romosozumab ($1825 
per month) may be a barrier to widespread use; however, 
the manufacturer is offering a discount program. Patients 
enrolled in Medicare Part B may receive financial assis-
tance after a deductible is met.20

Romosozumab is the first anabolic agent in its class to 
complete Phase III trials. Two other sclerostin inhibitors  
are currently being investigated, including blosozumab 
(LY251546) and setrusumab (BPS804).22,23 Romosozumab 
is approved for postmenopausal women with osteoporosis 
at very high risk of fracture defined as history of osteopo-
rotic fracture, multiple risk factors for fracture, or patients 
who have failed or are intolerant to other therapies.4 
Romosozumab has been studied in men, but is not approved 

to treat osteoporosis in that population.24 Postmenopausal 
women should receive treatment with romosozumab 210 
mg SQ once a month for 1 year, followed by antiresportive 
therapy to maintain or further increase BMD. Major adverse 
cardiac events noted in the ARCH trial were not observed in 
the FRAME study. The overall rate of events was small; 
however, the boxed warning exists and warrants caution in 
patients at risk of MI, stroke, or CV death.

Conclusion

Romosozumab is an anti-sclerostin human monoclonal 
antibody that stimulates bone formation and inhibits bone 
resorption. Romosozumab is one of the most potent ana-
bolic agents, representing a novel treatment option for 
osteoporosis. Clinical trials highlight efficacy in decreas-
ing vertebral and hip fractures, as well as substantially 
increasing BMD in the hip and spine. This agent should be 
reserved for postmenopausal women who are at very high 
risk of fractures, and are not at high risk of cardiovascular 
disease or stroke.
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Table 3.  Overview of Available Treatment Options for Postmenopausal Osteoporosis.21

Class/drug Adverse events Relative annual costa (US)

Oral bisphosphonates
  Alendronate
  Ibandronate
  Risedronate

>10%: bone pain, hypertension, hypocalcemia, 
hypophosphatemia

Rare: jaw osteonecrosis, atypical thigh fracture, 
dysphagia

$ to $$$

Intravenous bisphosphonates
  Zoledronic acid
  Ibandronate

>10%: anemia, bone pain, confusion, constipation, 
dehydration

Rare: jaw osteonecrosis, atypical thigh fracture

$ to $$

Conjugated estrogen/SERM
  Conjugated estrogen/bazedoxifene

>10%: amenorrhea, breakthrough bleeding, mastalgia $$$

SERM
  Raloxifene

>10%: peripheral edema, hot flashes $$

Calcitonin nasal spray >10%: antibody formation, rhinitis, nausea $$
Parathyroid hormone analogs
  Abaloparatide*
  Teriparatide^

>10%: dizziness, hyperuricemia hypercalciuria*, 
nausea^, abdominal pain, fatigue, headache, leg 
cramps^

$$$$

RANKL inhibitor
  Denosumab

>10%: anemia, bone pain, dyspnea, hypocalcemia, 
hypophosphatemia, peripheral edema

$$$

Sclerostin inhibitor
  Romosozumab

>10%: antibody formation, arthralgia $$$

aCost key: $ (<$500); $$ ($500 to $1200); $$$ ($1500 to $3000); $$$$ ($20 000+).
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