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Abstract 
Current therapeutic approaches for osteoporosis predominantly involve antiresorptive agents, but the emergence of bone anabolic therapy, such 
as romosozumab, presents a promising alternative. Romosozumab, a monoclonal antibody targeting sclerostin, exhibits both bone anabolic and 
antiresorptive effects, offering the potential to enhance bone mineral density and mitigate fracture risk. Evidence from several studies 
demonstrating the efficacy of romosozumab is now established in improving bone mineral density and reducing fracture rates in 
postmenopausal women and men. This review critically evaluates the role of romosozumab in osteoporosis management, emphasizing 
findings from real-world studies to facilitate its practical application in clinical settings. Adverse effects, comparative effectiveness with other 
osteoporotic agents, and challenges in sequential therapy are also discussed, providing insights for informed decision-making by physicians, 
particularly in the context of pre-treatment considerations. Additionally, the review examines global prescribing guidelines and highlights 
challenges associated with romosozumab utilization in special patient subgroups, aiming to optimize its clinical use.
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Abbreviations: BMD, bone mineral density; CKD, chronic kidney disease; FRAME, Fracture Study in Postmenopausal Women with Osteoporosis; RA, 
rheumatoid arthritis.
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The increasing prevalence of osteoporosis poses a significant bur-
den among the aging population. The incidence of osteoporotic 
fractures is significant, with 50% of women and 22% of men old-
er than age 50 years experiencing an osteoporotic fracture in their 
lifetime [1, 2]. Apart from associated morbidity and mortality, 
there are also substantial financial burdens on both individuals 
and society [3]. Osteoporosis is often underdiagnosed and under-
treated. Even on recognition, usually following a minimal trauma 
fracture, undertreatment remains widespread. Traditional first- 
line therapies include antiresorptive or RANKL inhibitors (deno-
sumab) that reduce the risk of minimal trauma fractures. Bone 
anabolic agents are also available (eg, teriparatide, abalopara-
tide) but are used primarily in patients who have experienced 
treatment failure with antiresorptive agents. Large randomized 
controlled trials have shown the effectiveness of zolendronic 
acid, alendronate, and denosumab in reducing vertebral and non-
vertebral fractures in addition to gains in bone mineral density 
(BMD) [4-6]. Counselling patients about osteoporosis being a 
lifelong disease requiring ongoing therapy is necessary. In the 
past decade, bone anabolic therapy has emerged as a strategy 
to increase BMD and decrease fracture risk but cost and accessi-
bility have limited its role as a first-line therapy.

Multiple molecular pathways regulate bone formation and 
resorption. Bone remodelling is governed by the coupling of 
osteoblast and osteoclast activity. Factors such as menopause, 
alcohol use, and low caloric intake disrupt this balance. 

Signalling through Wnt pathways via beta-catenin is central 
to the differentiation and proliferation of osteoblasts [7]. 
Mature osteoblasts generate osteoid, which, when mineralized, 
are termed osteocytes and are the dominant source of sclerostin 
[8]. Sclerostin, an antagonist of the Wnt-β-catenin pathway, 
binds to the Wnt LRP 5/6 coreceptors, leading to phosphoryl-
ation and ultimately degradation of β-catenin, thus inhibiting 
bone formation [9]. Romosozumab is a monoclonal antibody 
that binds to sclerostin and exhibits both bone anabolic and 
antiresorptive effects through these mechanisms [10]. The ac-
tion of romosozumab-induced bone formation is dominant 
for the first few months, followed by sustained inhibition of 
bone resorption for the entire duration of the treatment [11].

Romosozumab is prescribed as 2 injections per month 
(105 mg each) for a total 12-month course. Following Food 
and Drug Administration approval in 2019, it has been ap-
proved for use in 37 countries including Australia, Japan, 
the United States, and within the United Kingdom. In 
Australia, it has been available for use for osteoporosis 
treatment since early 2020. Currently, the Australian 
Pharmaceutical Benefits Scheme only subsidizes romosozu-
mab treatment for high-risk patients whose osteoporosis 
has been refractory to antiresorptive treatment demonstrated 
by a further fracture on treatment. However, evidence pre-
dominantly suggests superior BMD gains when romosozumab 
is given to treatment-naïve patients before antiresorptive 
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drugs, which is incongruous with regulations for subsidization 
in Australia [12]. Here, if used as first-line treatment for high- 
risk patients, the outlay to patients without a subsidy is signifi-
cantly more costly than antiresorptive therapies. In the United 
States, romosozumab is indicated in postmenopausal women 
with a history of osteoporotic fracture, multiple risk factors 
for fracture or have failed, or are intolerant to, other available 
osteoporosis therapy. In the United Kingdom, the NICE 
guidelines recommend romosozumab as a treatment option 
only for postmenopausal women who have experienced a ma-
jor osteoporotic fracture within the past 24 months.

The role of romosozumab in the clinical management of 
osteoporosis is examined here with an emphasis on real-world 
outcomes, potential adverse effects, and the influence of other 
osteoporotic agents when used either before or after romoso-
zumab treatment. Additionally, emerging evidence on the ef-
fectiveness of romosozumab in specific patient subgroups is 
investigated, including individuals with rheumatoid arthritis, 
nonweightbearing conditions, and end-stage kidney disease.

Summary of Current Literature
Clinical Trials Summary
Several studies have evaluated the efficacy of romosozumab in 
a clinical trial setting (Table 1, Fig. 1). First, The Fracture 
Study in Postmenopausal Women with Osteoporosis 
(FRAME) was a randomized double-blinded trial that en-
rolled 7180 postmenopausal women with a T-score of −2.5 
to −3.5 at the total hip or femoral neck [10]. Patients were re-
quired to be ambulatory, aged 55 to 90 years, and have a 
T-score of −2.5 to −3.5 SD to be eligible to participate. 
Exclusion criteria included previous hip fracture, severe or 
more than 2 moderate vertebral fractures, metabolic bone dis-
ease or conditions affecting bone metabolism, osteonecrosis of 
the jaw, 25-hydroxyvitamin D level <20 ng/mL, abnormal se-
rum calcium, or recent use of drugs affecting bone metabol-
ism. Patients either received romosozumab or placebo 
monthly for 12 months followed by open-label denosumab 
for a further 12 months. Of those enrolled, 6026 patients com-
pleted all 24 months of the trial.

Also examining postmenopausal women, the ARCH study 
was a blinded phase III trial enrolling 4093 postmenopausal 
osteoporotic women with a fragility fracture, assigning them 
to either receive romosozumab or oral alendronate for 12 
months followed by open-label alendronate in both groups 
[13]. Patients were required to be ambulatory, aged 55 to 90 
years, and have one of the following: BMD T-score −2.5 or 
less at total hip or femoral neck, either 1 or more moderate 
or severe vertebral fractures or 2 or more mild vertebral frac-
tures; or BMD T-score −2.0 or less at the total hip or femoral 
neck and either 2 or more moderate or severe vertebral 
fractures or a fracture of the proximal femur sustained 3 to 
24 months before randomization. Exclusion criteria were 
the same as that of the FRAME trial with the additional exclu-
sion criteria of contraindications to alendronate including 
estimated glomerular filtration ratio <35 mL/min/1.73 m2.

Further analysis of this cohort was provided by the 
STRUCTURE trial, an open-label, active-controlled study 
that randomly assigned 436 women with postmenopausal 
osteoporosis who had taken an oral bisphosphonate for at 
least 3 years before screening and alendronate the year before 
screening to receive either romosozumab or teriparatide for 
12 months [14]. Patients were ambulatory and aged 55 to 

90 years with a BMD T-score of −2.5 or lower at the total 
hip, femoral neck, or lumbar spine. Those who had recently 
used other agents affecting bone metabolism, had low serum 
25-hydroxyvitamin D concentration, or a history of other 
conditions affecting bone mass were excluded.

Despite men having lower rates of fractures compared with 
women, their outcomes postfracture are worse with higher 
mortality [19]. Analyzing romosozumab efficacy in a male co-
hort was performed by the BRIDGE study. Here, a phase III 
placebo-controlled double-blind study evaluated the safety 
and efficacy of romosozumab [15]. A total of 245 male subjects 
with osteoporosis received either romosozumab or placebo 
monthly for 12 months. Men were aged 44 to 90 years with 
BMD −2.5 or less, or −1.5 or less with a history of fragility frac-
ture, and were required to have at least 1 hip evaluable for BMD 
measurement. Patients with T-scores of −3.5 or less at the total 
hip or femoral neck, history of hip fracture, metabolic or bone 
diseases, substantial laboratory abnormalities, or current use of 
medications affecting bone metabolism were excluded.

BMD Outcomes
The FRAME trial demonstrated a greater increase in BMD at 
both 6 and 12 months in comparison to placebo by 13.3 per-
centage points at the lumbar spine, 6.9 percentage points at 
the total hip. and 5.9 percentage points at the femoral neck 
(P < .001 for all comparisons) with ongoing BMD increases 
in the romosozumab group after transitioning to denosumab 
[10]. Similarly, the ARCH trial demonstrated romosozumab 
to rapidly increase BMD with greater gains in patients who 
had received romosozumab before alendronate in comparison 
to those who received alendronate alone. Additionally, the 
gains in the romosozumab-to-alendronate group at month 
12 were maintained at month 36 after transition to alendro-
nate. In the STRUCTURE trial, results showed that romoso-
zumab resulted in BMD gains at the hip not observed in the 
teriparatide group (2.6% increase from baseline BMD in the 
romosozumab group and −0.6% in the teriparatide group) 
[14]. However, it is important to note that BMD results 
were measured at months 6 and 12. This is relevant because 
BMD gains in patients on teriparatide are typically seen at 
18 to 24 months, later than this study’s endpoint. Although 
data are more limited in men with osteoporosis, among the 
men in the BRIDGE trial, at 12 months it was found that 
the subjects in the romosozumab cohort had greater BMD 
gains at the lumbar spine, femoral neck, and total hip com-
pared to the placebo group with these differences observed 
as early as month 6 [15]. Analysis was also undertaken ac-
counting for subgroups of men. This accounted for differences 
in baseline testosterone level (<250 ng/dL,  ≥250 ng/dL), min-
imum baseline BMD T-scores (≤−2.5, >−2.5), age groups 
(<70,  ≥ 70 years), and baseline 10-year osteoporotic fracture 
risk (<median, ≥median). This concluded that romosozumab 
was effective for the treatment of osteoporosis in men, includ-
ing those with hypogonadism.

Transition of romosozumab into clinical practice has yielded 
real-world studies, which are essential to determine a more rep-
resentative clinical outcome outside the environment of a me-
ticulous clinical trial. Inose et al completed a multicenter 
retrospective study on real-world patients receiving romosozu-
mab for the treatment of osteoporosis aiming to investigate 
12-month BMD changes and identify predictive factors [17]. 
A total of 106 patients with a high fracture risk who had 
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Table 1. Summary of clinical trials of romosozumab

Trial Population and outcome Study design Results Adverse events

FRAME (2016) 
[10]

Fracture incidences among 
postmenopausal osteoporotic 
♀in ROMO-to-DMAB vs 
placebo-to-DMAB groups.

Randomized double-blinded 
trial. 

Patients either received 
ROMO or placebo 
monthly for 12 months 
followed by open-label 
DMAB for a further 12 
months.

Vertebral fractures: 73% lower 
risk in ROMO group (0.5%) 
than placebo group (1.8%) 
(P < .001). 

Nonvertebral fractures: 1.6% in 
romosozumab group, 2.1% in 
placebo group (hazard ratio, 
0.75; 95% CI, 0.53-1.05;  
P = .10).

Overall adverse events and 
serious adverse events were 
balanced between groups. 

Two events of osteonecrosis of 
the jaw in ROMO group 
though one of these was in the 
context of a dental procedure 
and the other in the context of 
ill-fitting dentures. 

One event of atypical femoral 
fracture after first dose of 
ROMO.

ARCH (2017) [13] Fracture incidences in 
postmenopausal osteoporotic 
♀ in ROMO-to-ALN vs 
ALN-to-ALN groups.

Randomized double-blinded 
trial. 

Patients either received 
monthly ROMO or weekly 
oral ALN for 12 months 
followed by open-label 
ALN in both groups.

Vertebral fractures: 48% lower 
risk in ROMO-to-ALN 
(6.2%) than ALN-to-ALN 
group (11.9%) (P < .001). 

Nonvertebral fractures: 19% 
lower risk in 
ROMO-to-ALN group 
(8.7%) vs ALN-to-ALN 
group (10.6%) (hazard ratio 
0.81, P = .04).

Overall adverse events and 
serious adverse events were 
balanced between groups. 

Events observed in ALN 
open-label period: 4 events of 
atypical femoral fracture in 
ALN-to-ALN group and 2 
in ROMO-to-ALN group. 

Adjudicated serious 
cardiovascular adverse events 
were more frequent in 
ROMO group during the 
double-blind period.

STRUCTURE 
(2017) [14]

BMD outcomes in 
postmenopausal osteoporotic 
♀ aged 55-90 years after 1 
year of ROMO vs TPTD.

Randomized open-label 
active-controlled study. 

♀ who had taken oral 
bisphosphonate for at least 
3 years before screening and 
ALN the year before were 
assigned to receive either 
ROMO monthly or TPTD 
daily for 12 months.

Over the 12 months, mean 
percentage change from 
baseline in hip BMD was 
2.6% in the ROMO group 
and −0.6% in the TPTD 
group (P < .0001).

Overall balanced between 
treatment groups. 

Most frequently reported 
adverse events were 
nasopharyngitis (13% of 
ROMO group vs 10% of 
TPTD group) and 
hypercalcemia (<1% of the 
ROMO group vs 10% of the 
TPTD group). 

No serious adverse events were 
concluded to be 
treatment-related.

BRIDGE (2018) 
[15]

Safety and efficacy of ROMO 
in osteoporotic ♂.

Randomized 
placebo-controlled 
double-blind study. 

♂ received either ROMO or 
placebo monthly for 12 
months with a further 3 
month follow-up to 
evaluate development of 
antibodies against ROMO.

BMD: greater mean increase in 
ROMO group vs placebo 
group in lumbar spine (12.1% 
vs 1.2%, P < .001), total hip 
(2.5% vs −0.5%; P < .001) 
and femoral neck (2.2% vs 
−0.2%; P < .001) at 12 
months.

Overall incidence rate of 
treatment-emergent adverse 
events was 75.5% in the 
ROMO group and 80.2% in 
the placebo group. 

Incident fractures: 1.8% in 
ROMO group, 2.5% in 
placebo group. 

Positively adjudicated 
cardiovascular serious events 
(ROMO vs placebo): overall 
(4.9% vs 2.5%), ischemic 
events [1.8% vs 0%], heart 
failure events [1.8% vs 1.2%], 
cardiovascular death in each 
group [0.6% vs 1.2%].

VICTOR (2022) 
[16]

BMD outcomes in 
postmenopausal osteoporotic 
♀ with a severe risk of fracture 
in ROMO-to-IBN vs 
ROMO-to-DMAB groups.

Prospective randomized 
controlled trial. 

♀ received ROMO for 12 
months and were then 
randomly assigned to 
receive 12 months further of 
either IBN or DMAB.

The percentage (mean ± SE) 
BMD change from baseline 
at 18 and 24 months during 
sequential therapy were 
+12.8 ± 1.1% and +14.6 ±  
1.3% in the IBN group and 
+16.6 ± 1.6% and +18.0 ±  
1.3% in the DMAB group 
(all P < .001).

All events were generally minor 
with none resulting in 
treatment discontinuation. 
A total of 10 (16.1%) events 
occurred in the IBN group 
and 5 (8.1%) in the DMAB 
group. 

There was 1 (1.6%) new 
vertebral fracture in the 
DMAB group and no new 
fractures in the IBN group.

(continued)
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completed 12 months of romosozumab treatment were eval-
uated from 4 hospitals. The study revealed that the treatment 
led to increases BMD at both the lumbar spine and the total fe-
mur. However, the changes at the total femur were not signifi-
cant enough to be confidently attributed to romosozumab 
treatment. Additionally, administration of osteoporosis medica-
tions before romosozumab had a blunting effect on BMD gains 
with romosozumab, consistent with previous studies [20]. The 
bone turnover marker TRACP-5b value before romosozumab 
treatment was determined to be an independent predictor of 
lumbar spine BMD increase after 12 months of treatment, in 
which higher values before administration was associated 
with greater BMD gains after adjustment for age and sex.

Similarly, outcomes of romosozumab in real-world clinical 
practice were investigated by Kobayakawa et al through a pro-
spective multicenter observational cohort study in Japanese 

osteoporotic patients [18]. Of the 230 patients prescribed ro-
mosozumab during the study period, 204 completed 12 months 
of treatment. BMD changes were observed to be higher in the 
romosozumab group compared to the denosumab group, 
with 5.3% greater increases at the lumbar spine, 2.4% greater 
increases at the total hip, and 2.9% greater increases at the fem-
oral neck. Significant changes in bone turnover markers were 
also observed. Notably, patients switching from bisphospho-
nates and denosumab experienced significantly lower BMD in-
creases than those in the treatment-naïve group.

Fracture Risk
The FRAME trial found that romosozumab was associated 
with a significant reduction in new vertebral fractures com-
pared to placebo at 12 months as well as after sequential 

Table 1. Continued

Trial Population and outcome Study design Results Adverse events

Inose et al 
Real-World 
Multicentre 
Retrospective 
Study (2022) [17]

Real-world effect of 
romosozumab on BMD 
increase and identifying 
factors that impact this in 
patients with high risk of 
fractures who completed 12 
months of treatment

Multicenter descriptive 
retrospective study of 123 
patients who had completed 
12 months of romosozumab 
treatment

BMD: 14.6% increase at 
lumbar spine, 5.1% increase 
at femoral neck, 3.1% 
increase at total femur

N/A

Kobayakawa et al 
Real-World 
Prospective 
Cohort Study 
(2021) [18]

Real-world BMD outcomes 
after 12 months of treatment 
and the effect of prior 
osteoporosis treatment on 
this, changes in bone 
turnover markers, adverse 
events

Prospective multicenter 
cohort study of 230 patients 
who received 
romosozumab, 204 of 
which had completed 12 
months of treatment

BMD: at 6 and 12 months, an 
increase from baseline of 
7.4% and 12.2% for the 
lumbar spine, 1.8% and 5.8% 
for the total hip, and 2.9% 
and 6.0% for the femoral 
neck. Patients who switched 
from another osteoporosis 
drug had lower lumbar spine 
BMD gains.

64 adverse events with most 
being temporary, mild, and 
not requiring drug 
discontinuation. 

10 cases requiring 
discontinuation including 1 
of osteonecrosis of the jaw in 
a patient who had received 
antiresorptive treatment for 6 
months before romosozumab 
prescription and 1 case of 
cerebral infarction.

Abbreviations: ALN, alendronate; DMAB, denosumab; IBN, ibandronate; ROMO, romosozumab; TPTD, teriparatide.

Figure 1. Figure 1 incorporates a few studies examining BMD changes observed with romosozumab when used before/after other osteoporosis agents. 
Given differing study designs, the figure is included as a visual representation of different treatment sequences explored in the studies rather than as a 
direct comparison of outcomes.
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treatment with denosumab at 24 months [10]. The FRAME 
Extension Study followed 5743 of the originally enrolled 
women to 36 months, extending treatment with denosumab 
for an additional 12 months, concluding that fracture risk 
was significantly reduced and BMD gains were maintained 
in patients who received romosozumab rather than placebo 
in the first 12 months of the trial [21]. Romosozumab fol-
lowed by denosumab was therefore established to be an effect-
ive regimen for the treatment of osteoporosis although further 
research comparing differences between alternate sequential 
therapy after romosozumab is needed. Similarly, the ARCH 
study found that patients in the romosozumab-to-alendronate 
group had a 48% lower risk of new vertebral fractures over the 
24 months in comparison to the alendronate-to-alendronate 
group [13].

Adverse Events
Overall adverse events and serious adverse events in the 
FRAME trial, including hyperostosis, cardiovascular events, 
osteoarthritis, and cancer, appeared balanced between the ro-
mosozumab and placebo groups [10]. Serious adverse events 
possibly consistent with hypersensitivity in the romosozumab 
group occurred in 7 patients in the first year. Additionally, 2 
events consistent with osteonecrosis of the jaw occurred in 
the romosozumab group; however, in both cases, there were 
confounding factors potentially contributing to the event rais-
ing questions regarding causality. As with the FRAME trial, 
overall adverse events and serious adverse events in the 
ARCH study were balanced between the groups, although un-
like the FRAME trial, during the first 12 months, positively ad-
judicated serious cardiovascular events were more prevalent 
among patients receiving romosozumab than those receiving 
alendronate [13]. No adjudicated events of osteonecrosis of 
the jaw or atypical femoral fracture were observed in the 
12-month double-blind period. During the open-label alendro-
nate period, there was 1 event of osteonecrosis of the jaw in 
each treatment group and 6 total events of atypical femoral 
fracture (2 [<0.1%] in the romosozumab-to-alendronate group 
and 4 [0.2%] in the alendronate-to-alendronate group). In the 
BRIDGE study, romosozumab was also found to be relatively 
well-tolerated in men with adverse events and serious adverse 
events comparable between the 2 groups [15]. However, more 
subjects with positively adjudicated cardiovascular serious ad-
verse events were seen in the romosozumab group, although 
more patients in the romosozumab group had positive find-
ings in their cardiovascular disease history and less on cardio-
protective medications at baseline compared to the placebo 
group.

As observed in clinical trials, romosozumab was found to 
generally be well-tolerated by the population in Kobayakawa 
et al’s real-world study [18]. Sixty-four adverse events were ob-
served, with most being temporary, mild, and not requiring 
drug discontinuation. There were 10 cases requiring discon-
tinuation, of note 1 case of osteonecrosis of the jaw in a patient 
who had received antiresorptive treatment for 6 months before 
romosozumab prescription and 1 case of cerebral infarction.

Future Directions for Real-world Data
Taken together, real-world studies reflect significant BMD 
improvements but lack data on fracture outcomes, quality 
of life measures, and the potential risk of vascular events. 

The significant imbalance of vascular events identified in 
ARCH warrants in-depth investigation in future research. 
This study was the first time ischemic events were noted to 
be higher in the romosozumab cohort (cardiac ischemia: 
odds ratio, 2.65; 95% CI, 1.03-6.77) [13]. Since then, a large 
genome wide association study combined with mendelian ran-
domization investigated association between sclerostin levels 
and cardiovascular risk and provided some data to show 
that lower levels of sclerostin may increase vascular risk and 
coronary artery calcification [22], although some methodo-
logical concerns of this study have been raised [23]. Others 
have shown that sclerostin may have a cardioprotective role 
(inhibition of calcified plaques), which may be reduced with 
romosozumab use [24]. In the United States, romosozumab 
has a boxed warning that advises that it may increase the 
risk of myocardial infarction (heart attack), stroke, and 
cardiovascular death, specifying romosozumab should not 
be initiated in patients who have had a heart attack or stroke 
within the preceding year. In Australia, the Therapeutic 
Goods Administration updated the Product Information and 
Consumer Medicine Information in December 2023, stating 
that romosozumab is now contraindicated in patients with 
previous myocardial infarction or stroke, with no qualifica-
tion on timing. Although further research into this association 
and causation is needed, it is essential to exercise caution and 
closely monitor cardiovascular health in patients receiving 
romosozumab, especially in those with preexisting cardiovas-
cular risk factors [25]. The authors’ practice is to avoid romo-
sozumab in patients who are intermediate or high risk for 
vascular events without appropriate mitigation.

Sequence of Therapies
Ongoing pharmacological therapy for osteoporosis is often re-
quired because of the inability of osteoporosis drugs to fully 
restore bone health in many patients. Sequential therapies 
are therefore used, with the order of therapies influencing out-
comes. Prescribing recommendations and subsidy criteria have 
limited the use of romosozumab to individuals with severe 
osteoporosis, leading to a predominantly pretreated patient 
population. The efficacy of the drug in pretreated bone presents 
challenges, particularly because of the potential lingering ef-
fects of bisphosphonates, which are known to suppress bone 
formation even after the initiation of romosozumab [26]. 
Notably, the STRUCTURE trial investigated outcomes when 
romosozumab was administered following antiresorptive treat-
ment, eliminating the off-treatment requirement [14]. This ap-
proach resulted in only modest gains in hip BMD. Cosman et al 
explored the importance of treatment sequence in osteoporosis 
by reviewing the aforementioned clinical trials, concluding that 
larger BMD increases were observed in patients receiving ro-
mosozumab before, as opposed to after, an antiresorptive agent 
[12]. Updated guidelines have recommended romosozumab as 
first-line treatment in patients with multiple vertebral fractures 
or hip fracture and BMD in the osteoporotic range [27].

A retrospective study examining changes in bone turnover 
markers and BMD compared drug-naïve cases with cases 
where romosozumab was used after an antiresorptive agent 
[20]. In the drug-naïve group, the average change of bone 
markers reflected a high turnover of bone metabolism, which 
was lower in the dual therapy group. Additionally, in those 
who were treatment-naïve, statistically significant improve-
ments in BMD were observed at the lumbar spine. In contrast, 
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the group of patients switching to romosozumab from a pre-
vious antiresorptive agent did not undergo statistically signifi-
cant BMD gains.

In larger randomized controlled trials (ARCH, FRAME) 
with greater fracture reductions, patients were excluded if 
they did not meet off-treatment requirements (eg, no oral bi-
sphosphonate cumulative use >3 years, no dose received in 
3 months before randomization) but these patients were not 
truly treatment-naïve and as such need to be interpreted ac-
cordingly [28]. However, this may reflect a more real-world 
experience with heterogenous treatment histories.

Treatment using denosumab followed by romosozumab is 
the authors’ most common experience regarding choice of se-
quential therapy, likely because of the prevalence of denosu-
mab use. An extension of a romosozumab phase 2 
dose-finding study included a cohort of patients who received 
denosumab for 12 months followed by romosozumab for 12 
months [29]. These patients had BMD gains of 0.9% at the 
hip and 5.3% at the lumbar spine. Cessation of denosumab 
and the immediate loss of inhibition of bone resorption may 
yield a rebound effect that impacts the actions of romosozu-
mab, possibly accounting for a blunted response in BMD in 
those following this sequential therapy compared to naïve 
bone [18]. Addressing the possible reduction in BMD gains re-
sulting from previous denosumab treatment and minimizing 
the risk of increased bone turnover after discontinuing deno-
sumab before transitioning to romosozumab is crucial. 
There is a need for innovative and effective strategies to opti-
mize this specific therapeutic sequence.

Because of the restricted 12-month dosing period of romo-
sozumab and concern about potential reduction in BMD after 
cessation, a continuous treatment strategy is necessary for 
managing ongoing osteoporosis. The VICTOR study, a pro-
spective randomized controlled trial, aimed to assess the com-
parative efficacy of ibandronate and denosumab as sequential 
therapeutic options in patients with severe postmenopausal 
osteoporosis following romosozumab treatment [16]. 
Patients were randomly assigned to received either ibandro-
nate or denosumab for an additional 12 months after romoso-
zumab treatment. This concluded that BMD changes at the 
lumbar spine from 12 to 24 months were 2.5% in the ibandr-
onate group and 5.4% in the denosumab group with compar-
ably favorable trends of denosumab at the total hip and 
femoral neck. Several minor adverse events were reported in 
both groups, none of which resulted in drug discontinuation. 
This study supports denosumab as an option for sequential 
therapy, although the optimal timing for denosumab initi-
ation following romosozumab has yet to be determined.

At present, romosozumab is not generally used beyond a 
single course with current prescribing guidelines reflective of 
this. The efficacy and safety of a second romosozumab course 
is reported in a phase 2 dose-finding study of postmenopausal 
women [30]. Participants received romosozumab or placebo 
for 24 months followed by placebo or denosumab for 
12 months. All patients then received romosozumab for 
12 months. Participants who received a second course of ro-
mosozumab following placebo who experienced BMD loss 
on placebo, experienced gains at the lumbar spine, total hip, 
and femoral neck comparative to gains seen in the group’s first 
romosozumab treatment course. This suggests resetting of 
skeletal responsiveness to romosozumab after 1 year off ther-
apy. Participants who received a second course of romosozu-
mab following denosumab had a small increase in BMD at the 

lumbar spine but no improvement in BMD at the total hip. 
This is in contrast to BMD loss after sequential therapy with 
denosumab followed by teriparatide [31]. In the small group 
of participants, no new safety findings were reported in the se-
cond course of romosozumab with the adverse event profile 
comparable to that of a single course of treatment. Although 
further research with larger sample sizes is needed to better 
understand the efficacy and safety of subsequent romosozu-
mab treatment courses, current evidence suggests romosozu-
mab may have potential in osteoporosis management with 
treatment-cycling [32].

Special Populations
Other subgroups in which there is significant potential for the 
dual action of romosozumab to improve outcomes include 
groups with complex causes of low bone density. Limited lit-
erature exists for the role of romosozumab in patients with 
glucocorticoid-induced osteoporosis, patients after spinal in-
jury, lactation-induced osteoporosis, and patients with renal 
bone disease (chronic kidney disease [CKD]-mineral and 
bone disorder).

In a group of patients with rheumatoid arthritis receiving 
glucocorticoids, romosozumab was shown to have compar-
able effects to denosumab on BMD [33]. The effect of romo-
sozumab was more modest than expected possibly because of 
the impact of glucocorticoids directly inhibiting the prolifer-
ation of osteoblasts. Treatment with romosozumab in the 
rare condition of pregnancy and lactation-induced osteopor-
osis has been reported in 1 case study, in which its use after 
4 months of teriparatide was effective in increasing BMD 
without subsequent fracture [34].

Nonweightbearing Patients
An often understudied cohort are the nonweightbearing pa-
tients who have persistent refractory osteoporosis and high 
fracture rates [35]. Sclerostin release from osteocytes is inhib-
ited with weightbearing resulting in the net effect of bone for-
mation. Hence, when a patient is unable to bear weight, there 
is an elevated production of sclerostin, leading to diminished 
bone formation. The impact of romosozumab in this specific 
patient group remains understudied in humans but clinically 
it could be speculated that nonweightbearing regions with 
higher levels of sclerostin could benefit from romosozumab. 
Clinical trials in the spinal cord injury population examining 
this are ongoing in both subacute (NCT05101018) and 
chronic settings (NCT05180032).

Chronic Renal Disease
Bone complications are notorious in patients with chronic re-
nal disease, in which disturbances in mineral metabolism, sec-
ondary hyperparathyroidism, and CKD-mineral and bone 
disorder often lead to osteoporosis from impaired bone min-
eralization and increased fracture risk. The safety and efficacy 
of romosozumab in postmenopausal osteoporosis patients 
with mild-to-moderate CKD was explored in a post hoc ana-
lysis of the FRAME and ARCH trials [36]. This demonstrated 
that in stages 1 to 3 of CKD, romosozumab resulted in greater 
BMD increases in comparison to alendronate and placebo 
with a similar safety profile between different levels of renal 
function. The pharmacokinetics and pharmacodynamics in 
stage 4 renal impairment and end-stage renal disease requiring 
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hemodialysis were investigated with a single dose of romoso-
zumab 210 mg [37]. Serum romosozumab levels were higher 
in these patients and, in addition, the dose was well-tolerated 
and results supported its use without dose adjustment in these 
patients. Data are limited on the outcomes in these patients 
though has been evaluated in small case studies. Mukaddam 
et al describes off-label use in a 37 -year-old African American 
male with severe osteoporosis on hemodialysis after multiple 
rib fractures and T8 compression fracture. BMD was improved 
at all sites: by 47% at the lumbar spine, 41% at the femoral 
neck, and 28% at the total hip [38]. The treatment was toler-
ated well with no adverse events observed.

Rheumatoid arthritis (RA) is an autoimmune disease asso-
ciated with increased risk for osteoporotic fracture [39]. The 
effects of romosozumab on BMD in patients with RA and se-
vere osteoporosis were compared to that of denosumab at 
3 and 6 months in an open-label randomized study of 
50 patients [40]. Romosozumab resulted in significantly great-
er increases in BMD than denosumab but BMD gains were 
lower in the RA population possibly because of steroid use 
in this group. This hypothesis is supported by observed de-
creases in sclerostin levels in patients with early RA after treat-
ment with methylprednisolone [41].

Conclusions
Romosozumab is an effective first-line or subsequent treat-
ment for osteoporotic men and postmenopausal osteoporotic 
women. It offers a unique approach to osteoporosis manage-
ment, with its dual action as a bone anabolic and antiresorp-
tive agent. Clinical trials and real-world studies have provided 
insights into the practical implications of romosozumab ther-
apy, emphasizing the challenge of pretreatment and its impact 
on BMD gains. Future studies on its potential use in specific 
patient populations and its effects on fracture outcomes is 
warranted, as is further clarification on its role in vascular 
events. Ongoing real-world data are fundamental for deter-
mining the patient groups that will benefit most from this 
treatment and guiding prescribing guidelines that we have in-
corporated here through comprehensive review of the current 
literature. As we continue to gather data and refine our knowl-
edge, we can better harness the potential of romosozumab to 
reduce the burden of osteoporosis, especially in high-risk 
populations.
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