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Abstract

Osteoporosis is a chronic skeletal disease with an increasing prevalence. Romosozumab, as a monoclonal anti-sclerostin antibody
with a dual function, has been produced. In this meta-analysis, we aimed to examine the efficacy of Romosozumab in patients
with low bone mineral density. A systematic search was conducted in the most important electronic search engines like Cochrane
Library, PubMed, Web of Science, Scopus, Google Scholar, and ClinicalTrials.gov at the end of July 2019 to retrieve randomized
controlled trials (RCTs), which evaluated the effect of Romosozumab in patients with osteoporosis and/or low bone mineral
density. After evaluating the quality of articles with the Cochrane checklist, data related to the outcomes of bone mineral density
(BMD) of lumbar spine, femoral neck, and total hip, risk of clinical, vertebral and non-vertebral fractures, and risk of adverse
events were extracted. Quality of evidence was assessed according to the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach. Heterogeneity between studies was evaluated by 12 and Q statistics. The
meta-analysis was performed using CMA v.2.0 software. Of all the 671 initially retrieved articles, seven articles were entered into
the meta-analysis after removing duplicates and reviewing papers with inclusion and exclusion criteria. The results of the meta-
analysis showed that Romosozumab 210, 140, and 70 mg compared with Alendronate, Teriparatide, and placebo can increase the
bone mineral density in the lumbar spine, femoral neck, and total hip. The risk of adverse events like adjudicated cardiovascular
serious adverse events and adjudicated cardiovascular death was more in Romosozumab 210 mg in comparison with placebo.
However, this difference was not statistically significant. Treatment with anti-sclerostin antibodies can be a proper therapeutic
option in patients with osteoporosis and low bone mineral density. Based on the results of this meta-analysis, it seems that
Romosozumab, with its dual function, has a positive role in the treatment of osteoporosis and low bone mineral density.
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Introduction
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creases [3]. However, osteoporosis prevalence is more in
women, while the prevalence of osteoporotic fractures in
men is higher, about 30-40%. Hence, men experience higher
morbidity and mortality related to osteoporosis in comparison
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During the past three decades, substantial progress has
been made in the treatment of osteoporosis [8]. The aim of
the existing medications is to maintain and increase bone mass
and density and also to reduce the risk of bone fractures.
Medications for the treatment of this disease can be
classified into antiresorptive and anabolic medications.
Examples of antiresorptive medications are estrogen agonist/
antagonists (EAAs), estrogens, calcitonin, bisphosphonates,
and denosumab. Teriparatide is among the anabolic category
[9-12].

Romosozumab, a monoclonal anti-sclerostin antibody,
with a dual function, has been produced throughout the last
decade. Its rapid function in treatment is based on binding and
inhibiting the sclerostin protein, which is a negative osteogen-
ic regulator. Sclerostin can inhibit the Wnt signaling pathway
that has a key role in bone metabolism. Thus, two functions of
Romosozumab are increasing bone formation and reducing
bone resorption [13—15].

Due to its novelty, Romosozumab has rarely been studied
for its efficacy and safety. Two studies suggest that
Romosozumab, compared with placebo, can significantly in-
crease bone mineral density (BMD) in postmenopausal women
[16, 17]. Another study showed a decrease in fracture incidence
across groups that received Romosozumab compared with
those who received Alendronate [18]. Adverse events such as
osteoarthritis, cancer, and cardiovascular events have been re-
ported in randomized controlled trials (RCTs) due to the use of
Romosozumab [16-20]. Liu et al. conducted a meta-analysis in
which they had included six RCTs evaluating the effect of
Romosozuamb in postmenopausal women in osteoporosis
[21]. As the gap of osteoporosis treatment is worse in men than
women, it is essential that effectiveness in the male population
be also carefully examined [22, 23]. Lewiecki et al. study [20]
examined the effect of Romosozumab in the male population,
which was well tolerated.

Because of the differences in the results of studies,
decision making about the efficacy and safety of
Romosozumab should be based on structured evidence.
Meta-analysis, as a quantitative method, can gather infor-
mation of independent studies and play a key role in
evidence-based medicine [24]. In this meta-analysis, we
aimed at examining the efficacy and safety of
Romosozumab in patients with low bone mineral density.

Methods

This systematic review was conducted based on recommen-
dations in the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses [PRISMA] statement [25]. The
protocol was submitted in Iran University of Medical Sciences
by grant No [code: 31150-163-02-96].
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Study identification

Two authors searched the electronic databases, parallely, through
the keywords of BMD, osteoporosis, fractures, and
Romosozumab. Articles were searched in major databases,
i.e. PubMed, Cochrane Library, Web of Science, ClinicalTrials.
gov, and Scopus at the end of July, 2019. Conference abstracts
were also considered in our database searching.

Direct contacts to authors were initiated for cases in which
the provided information was incomplete or more clarification
was needed. Moreover, an identical search strategy was con-
ducted in other databases. Further, the key journals and the
reference lists of the included papers were also searched.

Study selection and data extraction

Atticles were eligible if they (1) included men or women with
osteoporosis or low bone mass and (2) were designed as RCTs
that examined the efficacy of monthly subcutaneous
Romosozumab injection with a dose of 210, 140, or 70 mg.
Studies were excluded if they (1) were conducted on animals,
(2) reported incomplete data on the means and standard deviation
of outcomes, (3) investigated the effect of transition to another
medication, or (4) were conducted or reported as qualitative stud-
ies, reviews, case reports, letter to editors, or ongoing clinical
trials without posted results. If two studies had been reported
from the same cohort, the largest and/or most recent study was
included. Two of the authors developed a list of included studies
independently and a third author was available for mediation.

Two of the authors independently extracted data from the
selected studies into a standardized Microsoft Excel spread-
sheet. Any disagreement was resolved by consensus or, if
required, discussion with a third author. The following infor-
mation was extracted from each study: (1) study characteris-
tics (e.g. sample size, demographics, and the country in which
the study was performed); (2) study setting; (3) mean of per-
centage change from baseline in the BMD outcomes with
confidence intervals or standard deviation; (4) risk of fracture
incidences; (5) number and percentage of adverse events in
each group; and (6) the follow-up duration. In case of studies
with different doses of Romosozumab and studies with differ-
ent control groups, each dose and/or control group was con-
sidered as a separate study.

Risk of bias in individual studies

The methodology of articles was evaluated using the Standard
Cochrane Collaboration risk of bias tool in Revman 5.3 soft-
ware [26]. Quality of evidence for included outcomes was
assessed according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) ap-
proach [27]. One of four grades of very low, low, moderate,
and high represents the results of the GRADE approach.
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Statistical methods

The primary outcome was the mean percentage change in the
BMD of the intervention group (Romosozumab) in comparison
with the control group (placebo, Alendronate, and
Teriparatide). According to the doses of medicine used in the
studies, the analysis was performed based on the drug dosage.
The standard deviation of the mean percentage of BMD in the
two groups was calculated relative to the baseline value using
extracted confidence intervals of the studies. In addition, mean
difference of percentage changes in BMD of intervention group
was calculated relative to the control group and combined with
meta-analysis. Random effect model was used for this purpose.

The secondary outcome was the risk of incidence of frac-
tures and adverse events. For this outcome, the number of
patients with adverse events and the total number of patients
in the intervention and control groups was extracted.
Afterwards, odds ratio was calculated for adverse effects and
then combined using the random effect model.

The heterogeneity of studies was evaluated using the 12 and
Q tests. In the case of heterogeneity, the random effect model
was used. Meta-analysis was undertaken using
Comprehensive Meta-Analysis (CMA) version 2 and R

version 3.5.1 meat package. P value <0.05 was considered
as a significant level [26, 28].

Results
Description of trials

Of'total 671 articles retrieved in systematic search, 283 dupli-
cate articles were excluded. Moreover, review of the titles and
abstracts of the 388 remaining articles resulted in the exclu-
sion of 366 further articles. After reading the full text of 22
articles, finally, seven of them, which encompassed 13 studies,
were eligible to be included in this meta-analysis (Fig. 1).
Baseline characteristics of the included studies are shown in
Table 1 (excluded articles are listed in Table S1).

Quality assessment

Figures 2 and 3 show the results of quality assessment based
on seven criteria of Cochrane risk of bias tool. All of the
included studies were randomized controlled trials. In one
study, blinding of outcome assessment was not clearly

Fig. 1 PRISMA flow diagram.
PRISMA Preferred Reporting =
Ttems for Systematic Reviews and = Records identified through Additional records identified
Meta-Analyses é database searching through other sources
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Fig. 2 Risk of bias summary: review author’s judgments about each risk
of bias item for each included study

reported, and this issue can impose detection bias [20]. In
another study, an open-label manner can cause selection and
performance bias [19]. The role of Amgen Inc. and UCB
Pharma pharmaceutical companies, as funders, probably im-
pose “other bias” in all included studies.

Meta-analysis

Seven original pepers were included in the meta-analysis,
which were considered as 13 separate studies due to subgroup
analysis of dosages of Romosozumab.

In all of the included studies, 6393 patients initially re-
ceived Romosozumab. Among patients who received
Romosozumab, 6165 patients were treated with
Romosozumab 210 mg, 114 patients were treated with
Romosozumab 140 mg, and 114 patients were treated with
Romosozumab 70 mg. The mean age of participants was
68.60 years, and mean age based on dosage was 69.26,
68.13, and 66.2 for Romosozumab 210, 140, and 70 mg, re-
spectively. Romosozumab was administered subcutaneously
in all patients. Dual-energy x-ray absorptiometry at different
stages was done to assess BMD. PINP and (3-CTX were
checked via fasting serum samples at the baseline in different
months.

BMD (lumbar spine)
Forest plot of BMD of the lumbar spine is shown in Fig. 4.
Romosozumab 210 mg vs. Alendronate

Two articles with 2095 patients in Romosozumab group and
2099 patients in Alendronate group were included. The het-
erogeneity of studies for the BMD of the lumbar spine in
Romosozumab 210 mg compared with Alendronate was sig-
nificant (I2 =72.62%, Q-value =3.65, P value =0.06). As
shown in Fig. 4, Romosozumab 210 mg can change BMD
8.13% more compared with Alendronate (95% CI: 6.07—
9.56).

Romosozumab 210 mg vs. Teriparatide

Two articles with 255 patients in Romosozumab group and
264 patients in Teriparatide group were included. The

Fig. 3 Risk of bias graph: review
authors’ judgments about each
risk of bias item presented as
percentages across all included
studies

Random sequence generation [selection hias)
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heterogeneity of studies for the BMD of the lumbar spine in
Romosozumab 210 mg compared with Teriparatide was not
significant (I2 = 0%, Q-value=0.05, P value=0.83). As
shown in Fig. 4, Romosozumab 210 mg can change BMD
4.34% more compared with Teriparatide (95% CI: 3.49-5.18).

Romosozumab 210 mg vs. placebo

Three articles with 148 patients in Romosozumab group and
146 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the lumbar spine in
Romosozumab 210 mg compared with placebo was signifi-
cant (I2 =92.0%, Q-value=16.18, P value<0.001). As
shown in Fig. 4, Romosozumab 210 mg can change BMD
12.39% more compared with placebo (95% CI: 8.75-16.02).

Romosozumab 140 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the lumbar spine in
Romosozumab 140 mg compared with placebo was signifi-
cant (12 =97.61%, Q-value=41.87, P value<0.001). As
shown in Fig. 4, Romosozumab 140 mg can change BMD
8.95% more compared with placebo (95% CI: 2.19-15.71).

Romosozumab 70 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the lumbar spine in
Romosozumab 70 mg compared with placebo was significant
(I2 =76.25%, Q-value=4.21, P value =0.04). As shown in
Fig. 4, Romosozumab 70 mg can change BMD 6.55% more
compared with placebo (95% CI: 4.59-8.51).

BMD (Total hip)

Forest plot of BMD of the total hip is shown in Fig. 5.

Romosozumab 210 mg vs. Alendronate

Two articles with 2096 patients in Romosozumab group and
2098 patients in Alendronate group were included. The het-
erogeneity of studies for the BMD of the total hip in
Romosozumab 210 mg compared with Alendronate was sig-
nificant (I2 =83.22%, Q-value =5.96, P value=0.01). As
shown in Fig. 5, Romosozumab 210 mg can change BMD
2.88% more compared with Alendronate (95% CI: 1.72—
4.05).

Romosozumab Placebo
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
Control.vs.Intervention = Alendronate vs Romo 210
McClung.et al(2014)d 49 11.30 3.7500 52 4.10 3.8600 L ] 7.20 [5.72; 8.68]
Saag.et al(2017) 2046 13.70 6.5800 2047 5.00 6.4600 [ - | 8.70 [8.30; 9.10]
Random effects model 2095 2099 > 8.13 [6.70; 9.56]
Heterogeneity: / = 73%, t° = 0.8175, p = 0.06
Control.vs.Intervention = Placebo vs Romo 140
Ishibashi.et al(2017)b 63 13.30 4.8600 63 0.90 3.4400 | 12.40 [10.93; 13.87]
McClung.et al(2014)b 51 540 3.8300 52 -0.10 3.8600 L 5.50 [4.01; 6.99]
Random effects model 114 115 e 8.95 [2.19; 15.71]
Heterogeneity: / = 98%, t° = 23.2365, p < 0.01
Control.vs.Intervention = Placebo vs Romo 210
McClung.et al(2014)a 52 11.30 3.8600 52 -0.10 3.8600 L 3 11.40 [9.92;12.88]
Ishibashi.et al(2017)a 63 16.90 5.8700 63 0.90 3.4400 i 16.00 [14.32; 17.68]
NCT02791516.etal(2019) 33 9.50 5.1700 31 -0.10 4.4500 - 9.60 [7.24;11.96]
Random effects model 148 146 ~— 12.39 [8.75; 16.02]
Heterogeneity: P= 92%, ?= 9.4097, p <0.01
Control.vs.Intervention = Placebo vs Romo 70
McClung.et al(2014)c 51 540 3.8300 52 -0.10 3.8600 3 5.50 [4.01; 6.99]
Ishibashi.et al(2017)c 63 8.40 34400 63 0.90 3.4400 [ | 7.50 [6.30; 8.70]
Random effects model 114 115 - 6.55 [4.59; 8.51]
Heterogeneity: / = 76%, t° = 1.5251, p = 0.04
Control.vs.Intervention = Teriparatide vs Romo 210
Langdanhl.et al(2017) 206 9.80 54900 209 5.40 5.1600 ] 440 [3.37; 543]
McClung.et al(2014)e 49 11.30 3.7500 55 7.10 3.9700 L ] 420 [2.72; 5.68]
Random effects model 255 264 * 4.34 [3.49; 5.18]
Heterogeneity: /2 = 0%, r2 =0,p=0.83 | l | , | |

-15-10 -5 0 5 10 15

Fig. 4 Forest plot of BMD of lumbar spine, subgroup analyses stratified by Romosozumab dose, and control groups

@ Springer



Clin Rheumatol (2020) 39:3261-3276 3267
Romosozumab Placebo
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl
Control.vs.Intervention = Alendronate vs Romo 210
McClung.et al(2014)d 50 4.10 2.3400 51 1.90 2.3700 - 2.20 [1.28;3.12]
Saag.et al(2017) 2046 6.20 4.7300 2047 2.80 4.7300 ] 3.40 [3.11;3.69]
Random effects model 2096 2098 ——— 2.88 [1.72; 4.05]

Heterogeneity: F= 83%, P= 0.5992, p=0.01

Control.vs.Intervention = Placebo vs Romo 140
Ishibashi.et al(2017)b 63 3.20 25100 63
McClung.et al(2014)b 51
Random effects model 114 115
Heterogeneity: F= 0%, P= 0, p=0.36

Control.vs.Intervention = Placebo vs Romo 210

Heterogeneity: /* = 10%, ©> = 0.0175, p = 0.29

0.60 2.6300
1.30 2.3700 52 -0.70 2.3900

2,60 [1.70;3.50]
2.00 [1.08;2.92]
2.31 [1.66; 2.95]

‘o

McClung.et al(2014)a 52 410 2.3900 50 -0.70 2.3400 —— 4.80 [3.88;5.72]

Ishibashi.et al(2017)a 63 4.70 3.0400 63 0.60 2.6300 —M— 410 [3.11;5.09]

NCT02791516.etal(2019) 34 2.90 2.8700 31 0.30 2.2200 —a— 2.60 [1.36;3.84]

Random effects model 149 144 ~a 390 [2.71; 5.09]

Heterogeneity: /° = 74%, 1> = 0.8193, p = 0.02

Control.vs.Intervention = Placebo vs Romo 70

McClung.et al(2014)c 51 1.30 25500 52 -0.70 2.3900 —- 2.00 [1.05;2.95]

Ishibashi.et al(2017)c 63 2.10 2.8300 63 0.60 2.6300 - 1.50 [0.55; 2.45]

Random effects model 114 115 - 1.75 [1.07; 2.42]

Heterogeneity: P= 0%, = 0, p=0.47

Control.vs.Intervention = Teriparatide vs Romo 210

Langdahl.et al(2017) 206 2.90 3.3000 209 -0.50 3.3200 . 3 3.40 [2.76; 4.04]

McClung.et al(2014)e 50 4.10 2.3400 52 1.30 2.3900 —- 2.80 [1.88;3.72]

Random effects model 256 261 -> 3.19 [2.64; 3.75]
|

[ I
4 -2 0 2 4

Fig. 5 Forest plot of BMD of total hip, subgroup analyses stratified by Romosozumab dose, and control groups

Romosozumab 210 mg vs. Teriparatide

Two articles with 256 patients in Romosozumab group and 261
patients in Teriparatide group were included. The heterogeneity
of studies for the BMD of the total hip in Romosozumab
210 mg compared with Teriparatide was not significant (12 =
10.0%, Q-value=1.11, P value=0.29). As shown in Fig. 5,
Romosozumab 210 mg can change BMD 3.19 % more com-
pared with Teriparatide (95% CI: 2.64-3.75).

Romosozumab 210 mg vs. placebo

Three articles with 149 patients in Romosozumab group and
144 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the total hip in Romosozumab
210 mg compared with placebo was not significant (I2 =
74.0%, Q-value = 1.03, P value=0.02). As shown in Fig. 5,
Romosozumab 210 mg can change BMD 3.90% more com-
pared with placebo (95% CI: 2.71-5.09).

Romosozumab 140 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The

heterogeneity of studies for the BMD of the total hip in
Romosozumab 140 mg compared with placebo was not sig-
nificant (12 = 0%, Q-value = 0.84, P value =0.36). As shown
in Fig. 5, Romosozumab 140 mg can change BMD 2.31%
more compared with placebo (95% CI: 1.66-2.95).

Romosozumab 70 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the total hip in Romosozumab
70 mg compared with placebo was not significant (12 = 0%,
Q-value =0.53, P value=0.47). As shown in Fig. 5,
Romosozumab 70 mg can change BMD 1.75% more com-
pared with placebo (95% CI: 1.08-2.42).

BMD (femoral neck)

Forest plot of BMD of the femoral neck is shown in Fig. 6.

Romosozumab 210 mg vs. Alendronate

Two articles with 2096 patients in Romosozumab group and
2098 patients in Alendronte group were included. The
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heterogeneity of studies for the BMD of the femoral neck in
Romosozumab 210 mg compared with Alendronate was not
significant (12 =5.93%, Q-value=1.06, P value =0.30). As
shown in Fig. 6, Romosozumab 210 mg can change BMD
3.12% more compared with Alendronate (95% CI: 2.7-3.55).

Romosozumab 210 mg vs. Teriparatide

Two articles with 256 patients in Romosozumab group and
264 patients in Teriparatide group were included. The hetero-
geneity of studies for the BMD of the femoral neck in
Romosozumab 210 mg compared with Teriparatide was not
significant (12 =4.36%, Q-value=1.05, P value=0.31). As
shown in Fig. 6, Romosozumab 210 mg can change BMD
3.15 % more compared with Teriparatide (95% CI: 2.42—
3.88).

Romosozumab 210 mg vs. placebo

Three articles with 146 patients in Romosozumab group and
144 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the femoral neck in
Romosozumab 210 mg compared with placebo was not

significant (12 = 64.0%, Q-value=1.78, P value =0.06). As
shown in Fig. 6, Romosozumab 210 mg can change BMD
3.61% more compared with placebo (95% CI: 2.18-5.04).

Romosozumab 140 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the femoral neck in
Romosozumab 140 mg compared with placebo was not sig-
nificant (I2 =32.24%, Q-value =1.84, P value=0.22). As
shown in Fig. 6, Romosozumab 140 mg can change BMD
2.06% more compared with placebo (95% CI: 0.98-3.14).

Romosozumab 70 mg vs. placebo

Two articles with 114 patients in Romosozumab group and
115 patients in placebo group were included. The heterogene-
ity of studies for the BMD of the femoral neck in
Romosozumab 70 mg compared with placebo was significant
(I2 =59.33%, Q-value =2.46, P value=0.12). As shown in
Fig. 6, Romosozumab 70 mg can change BMD 1.03% more
compared with placebo (95% CI: —0.24- 2.29).

Romosozumab Placebo
Study Total Mean SD Total Mean sD Mean Difference MD 95%-ClI
Control.vs.Intervention = Alendronate vs Romo 210
McClung.et al(2014)d 50 3.70 3.2500 51 1.20 3.2800 —— 2.50 [1.23;3.77]
Saag.et al(2017) 2046 4.90 6.3500 2047 1.70 6.2300 3.20 [2.81;3.59]
Random effects model 2096 2098 A d 3.12 [ 2.70; 3.55]
Heterogeneity: /* = 6%, t° = 0.0146, p = 0.30
Control.vs.Intervention = Placebo vs Romo 140
Ishibashi.et al(2017)b 63 2.90 3.4400 63 0.30 3.6400 —— 2.60 [1.36; 3.84]
McClung.et al(2014)b 51 1.80 3.2800 52 0.30 3.3100 —— 1.50 [0.23;2.77]
Random effects model 114 115 - 2.06 [0.98; 3.14]

Heterogeneity: /* = 32%, t° = 0.1951, p = 0.22

Control.vs.Intervention = Placebo vs Romo 210

McClung.et al(2014)a 50 3.70 3.2500 50 -1.10 3.2500 —l— 4.80 [3.53;6.07]

Ishibashi.et al(2017)a 63 3.80 44500 63 0.30 3.6400 —M—  3.50 [2.08;4.92]

NCT02791516.etal(2019) 33 3.00 3.4400 31 0.80 3.8900 —a— 2.20 [0.40;4.00]

Random effects model 146 144 ~m— 361 [2.18; 5.04]

Heterogeneity: /* = 64%, t° = 1.0158, p = 0.06

Control.vs.Intervention = Placebo vs Romo 70

McClung.et al(2014)c 51 0.60 3.4600 52 0.30 3.3100 —;— 0.30 [-1.01;1.61]

Ishibashi.et al(2017)c 63 1.90 1.4200 63 0.30 3.6400 - 1.60 [0.64; 2.56]

Random effects model 114 115 T 1.03 [-0.24; 2.29]

Heterogeneity: /2 =59%, rz =0.5011, p=0.12

Control.vs.Intervention = Teriparatide vs Romo 210

Langdahl.et al(2017) 206 3.20 4.3900 209 -0.20 4.4300 - 3.40 [2.55;4.25]

McClung.et al(2014)e 50 3.70 3.2500 55 1.10 3.4100 —— 2.60 [1.33;3.87]

Random effects model 256 264 - 3.15 [ 2.42; 3.88]
T

Heterogeneity: /* = 5%, t° = 0.0149, p = 0.31

| B I
6 4 -2 0 2 4 6

Fig. 6 Forest plot of BMD of femoral neck, subgroup analyses stratified by Romosozumab dose, and control groups
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Risk of fracture

Risk of clinical, vertebral, and non-vertebral fracture was in-
vestigated in two studies comparing Romosozumab 210 mg
with Alendronate and placebo [16, 18]. One study reported the
incidence of fractures as an adverse effect [20]. Considering
that the control group was different in these two studies, we
could not conduct analysis in this outcome. We only system-
atically report the results.

In Cosman et al. study, the risk of new vertebral fracture, in
Romosozumab 210 mg was 73% lower than the placebo
group (RR=0.27; 95%CI: 0.16-0.47). Risks of clinical frac-
ture and non-vertebral fractures were 36 and 25% lower in
Romosozumab 210 mg than that of placebo group, respective-
ly [16].

In Saag et al. study, the risk of new vertebral fracture in
Romosozumab 210 mg was lower than in Alendronate group
RR =0.63; 95%CI: 0.47-0.85). Risk of clinical fractures and
non-vertebral fractures was also lower in Romosozumab
group than in placebo by 28 and 26%, respectively [18].

In Lewiecki et al. study, the incidence of fractures was
reported as an adverse effect, which included combination of
vertebral and non-vertebral fractures. Incidence of fractures
was 1.8 and 2.5% in Romosozumab 210 mg and placebo
group, respectively [20].

Markers of bone turnover

The bone-formation marker P1NP and the bone-resorption
marker B-CTX

In the Cosman et al. and Lewieki et al. study, the maximum
decrease and increase in the levels of PINP and 3-CTX after
the first dose of the Romosozumab in these measurements
were significantly more than the placebo group [16, 20].

Ishibashi et al. showed that, in all Romosozumab doses,
PINP had a rapid increase depending on the Romosozumab
dose. The decrease in 3-CTX was significantly more in
Romosozumab groups than in placebo, and the maximum
decrease was in week 1 [17].

In Langdhal et al. study, the increase of PINP levels in the
Romosozumab group was more than the increase in the
Teriparatide group on day 14. During the 12 months, the
PINP levels decreased to the baseline measurements in the
Romosozumab group. The maximum decrease in the levels
of 3-CTX was on day 14 in the Romosozumab group and
after 3 months returned to the baseline measurements.
Finally PINP and 3-CTX concentrations in the Teriparatide
group were significantly more than Romosozumab group
[19].

In McClung et al. study, the levels of PINP increased after
initial administration of Romosozumab, and the largest

increase was after one month. The levels of 3-CTX returned
below the baseline measurements at month 12 [29].

In Saag et al. study, increase in the levels of PINP and
decrease in levels of the 3-CTX within 12 months were sig-
nificant in Romosozumab group [18].

Safety
Death

Romosozumab 210 mg vs. placebo Three articles with 3801
patients in Romosozumab group and 3720 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=1.07, P value=
0.58). Odds of death among patients who received placebo
was 0.15 times lower than Romosozumab 210 mg (OR =
0.85; 95%CI: 0.5-1.45) (online resource Fig. S1).

Romosozumab 70 mg vs. placebo Two articles with 114 pa-
tients in Romosozumab group and 115 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 70 mg compared with placebo
was not significant (I12 = 0%, Q-value=0.05, P value=
0.82). Odds of death among patients who received placebo
was 0.75 times lower than Romosozumab 70 mg (OR =
0.25; 95%CI: 0.03-2.26) (online resource Fig. S1).

Adjudicated cardiovascular serious events

Romosozumab 210 mg vs. placebo Two articles with 3752
patients in Romosozumab group and 3673 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=0.62, P value=
0.43). Odds of adjudicated cardiovascular serious events
among patients who received placebo was 0.11 times lower
than in Romosozumab 210 mg group (OR =0.89; 95% CI:
0.59-1.34) (online resource Fig. S2).

Adjudicated cardiovascular death

Romosozumab 210 mg vs. placebo Two articles with 3744
patients in Romosozumab group and 3657 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=0.01, P value=
0.92). Odds of adjudicated cardiovascular death among pa-
tients who received placebo was 0.11 times lower than in
Romosozumab 210 mg group (OR =0.89; 95% CI: 0.46—
1.74) (online resource Fig. S3).
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Osteoarthritis

Romosozumab 210 mg vs. placebo Three articles with 3815
patients in Romosozumab group and 3736 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was significant (I12 =61.94%, Q-value=5.25, P value=
0.07). Odds of osteoarthritis among patients who received
placebo was 0.26 times lower than Romosozumab 210 mg
(OR =0.74; 95% CI: 0.25-2.2) (online resource Fig. S4).

Hypersensitivity

Romosozumab 210 mg vs. placebo Two articles with 3652
patients in Romosozumab group and 3654 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value =0.49, P value =
0.48). Odds of hypersensitivity among patients who received
placebo was 0.02 times more than in Romosozumab 210 mg
group (OR =1.02; 95% CI: 0.85-1.23) (online resource Fig.
S5).

Cancer

Romosozumab 210 mg vs. placebo Three articles with 3815
patients in Romosozumab group and 3736 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=0.62, P value=
0.73). Odds of cancer among patients who received placebo
was 0.16 times more than in Romosozumab 210 mg group
(OR =1.16; 95% CI: 0.82-1.63) (online resource Fig. S6).

Injection-site reaction

Romosozumab 210 mg vs. Alendronate Two articles with
2098 patients in Romosozumab group and 2098 patients in
Alendronte group were included. In this outcome, the hetero-
geneity of studies for Romosozumab 210 mg compared with
Alendronate was not significant (12 = 0%, Q-value=0.23, P
value = 0.63). Odds of injection-site reaction among patients
who received Alendronate was 0.43 times lower than
Romosozumab 210 mg (OR=0.57; 95% CI: 0.41-0.8)
(online resource Fig. S7).

Romosozumab 210 mg vs. placebo Four articles with 3864
patients in Romosozumab group and 3783 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=0.13, P value=
0.99). Odds of injection-site reaction among patients who re-
ceived placebo was 0.45 times lower than Romosozumab

@ Springer

210 mg (OR =0.55; 95% CI: 0.43-0.69) (online resource
Fig. S7).

Romosozumab 210 mg vs. Teriparatide Two articles with 270
patients in Romosozumab group and 273 patients in
Teriparatide group were included. In this outcome, the hetero-
geneity of studies for Romosozumab 210 mg compared with
Teriparatide was not significant (I2 = 0%, Q-value=0.01, P
value = 0.94). Odds of injection-site reaction among patients
who received Teriparatide was 0.67 times lower than
Romosozumab 210 mg (OR =0.33; 95% CI: 0.14-0.79)
(online resource Fig. S7).

Adverse event leading to discontinuation of study drug

Romosozumab 210 mg vs. placebo Three articles with 3815
patients in Romosozumab group and 3736 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was not significant (I12 =0%, Q-value=1.44, P value=
0.49). Odds of adverse event leading to discontinuation of
study drug among patients who received placebo was 0.08
times more than in Romosozumab 210 mg (OR = 1.08; 95%
CI: 0.72-1.6) (online resource Fig. S8).

Any adverse event

Romosozumab 210 mg vs. Alendronate Two articles with
2098 patients in Romosozumab group and 2098 patients in
Alendronte group were included. In this outcome, the hetero-
geneity of studies for Romosozumab 210 mg compared with
Alendronate was not significant (I2 =0%, Q-value=0.3, P
value =0.58). Odds of any adverse event among patients
who received placebo was 0.12 times more than in
Romosozumab 210 mg (OR=1.12; 95% CI: 0.97-1.29)
(online resource Fig. S9).

Romosozumab 210 mg vs. Teriparatide Two articles with 270
patients in Romosozumab group and 273 patients in
Teriparatide group were included. In this outcome, the hetero-
geneity of studies for Romosozumab 210 mg compared with
Teriparatide was not significant (12 = 0%, Q-value =0.49, P
value = 0.48). Odds of any adverse event among patients who
received Teriparatide was 0.35 times lower than
Romosozumab 210 mg (OR =0.65; 95% CI: 0.45-0.95)
(online resource Fig. S9).

Romosozumab 210 mg vs. placebo Four articles with 3864
patients in Romosozumab group and 3783 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 210 mg compared with placebo
was significant (I12 =74.38%, Q-value=11.71, P value=
0.01). Odds of any adverse event among patients who
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received placebo was 0.33 times lower than Romosozumab
210 mg (OR =0.77; 95% CI: 0.43—1.36) (online resource Fig.
S9).

Romosozumab 140 mg vs. placebo Two articles with 114
patients in Romosozumab group and 115 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 140 mg compared with placebo
was significant (I2 =82.97%, Q-value =5.87, P value =
0.02). Odds of Adverse event leading to discontinuation of
study drug among patients who received placebo was 0.55
times lower than Romosozumab 140 mg (OR =0.45; 95%
CI: 0.43-1.36) (online resource Fig. S9).

Romosozumab 70 mg vs. placebo Two articles with 114 pa-
tients in Romosozumab group and 115 patients in placebo
group were included. In this outcome, the heterogeneity of
studies for Romosozumab 70 mg compared with placebo
was significant (I2 =88.58%, Q-value =8.76, P value <
0.001). Odds of adverse event leading to discontinuation of
study drug among patients who received placebo was 0.79
times lower than Romosozumab 70 mg (OR =0.21; 95% CI:
0.02—1.94) (online resource Fig. S9).

GRADE of evidence

Based on the results of the GRADE approach, the quality of
evidence of outcome measures (BMD of lumbar spine, total
hip, femoral neck and risk of adverse events) were rated as
high, moderate and low. The results are summarized in
Tables 2 and 3.

Sensitivity analysis

All of the included studies were in patients with osteoporosis
except McClung et al., which was in patients with low bone
mass. In McClung et al. study, the baseline BMD of total hip
and femoral neck for Romosozumab 210, 140, and 70 mg,
Alendronte, Teriparatide, and placebo were normal (—1.45,
—-1.67, —1.69, — 1.55, —1.32, and 1.39 for total hip and —
1.87, —2.03, —2.06, —1.91, —1.79, and — 1.80 for femoral
neck, respectively). However, the low bone mass in lumbar
spine had maximum baseline T score for Romosozumab 210,
140, and 70 mg, Alendronte, Teriparatide, and placebo (—
2.33,—-2.27,-2.35,-2.08, —2.29, and — 2.27, respectively).
Also, they did not use FRAX for treatment of patients with
low bone mass [29]. In order to investigate this heterogeneity
in the results, the mentioned study was excluded from meta-
analysis, and the changes in primary outcomes of
Romosozumab 210 mg compared with placebo were investi-
gated in osteoporosis patients. Based on the results of meta-
analysis, in the Romosozumab 210 mg group, the mean
change of BMD were 1.67, 2.97, and 1.28% of lumbar spine,

femoral neck, and total hip, which were respectively more
than in placebo group. The results of meta-analysis without
considering McClung et al. study is shown in Table 4. For
other groups, it was not possible to conduct meta-analysis
after removing the mentioned study.

Discussion

The inhibition of bone formation is done by sclerostin anti-
body, which is produced by osteocytes. Romosozumab, a
monoclonal anti-sclerostin antibody, can neutralize the
sclerostin function and increase bone mineral density [30].
According to the mechanism of Romosozumab, there may
be hope for those patients who need to increase bone produc-
tion as well as those who have gotten no results by using
bisphosphonates; therefore, this medication can be a good
alternative. To investigate the effect of this drug, there are
several outcomes that should be considered. Based on clinical
trials in this area, Romosozumab can increase BMD and there-
by decrease fracture incidence [16-18, 29, 31]. Since BMD
should be monitored for a long time, at least 1 to 2 years,
researchers must notice bone turnover markers like serum
procollagen type I N-terminal propeptide (P1NP) and bone
resorption marker collagen type 1 3-carboxy-telopeptide ({3-
CTX), which affect more quickly than BMD [32, 33].
Investigating Romosozumab efficacy and safety has been con-
ducted in several clinical trials in both animals and humans
[16, 34-37].

In this study, we reviewed the changes in BMD of patients
with osteoporosis and low bone density treated with
Romosozumab in five studies [16, 17, 29, 31, 38]. The results
of the meta-analysis showed that different doses of
Romosozumab can significantly increase the BMD in lumbar
spine, total hip, and femoral neck compared with Alendronate,
Teriparatide, and placebo. On the other hand, Romosozumab
resulted in a significant increase in BMD and such increase
was more obvious at the dose of 210 mg rather than 140 and
70 mg. The overall results showed that Romosozumab 210 mg
was more effective in increasing BMD of all three skeletal loca-
tions. Quality of evidence was high in outcomes of BMD lumbar
spine, total hip, and femoral neck for Romosozumab 210 mg
compared with Teriparatide that means the true effect of
Romosozumab 210 mg compared with Teriparatide is likely to
be similar to our estimates [39]. The results of RCT studies were
similar to ours. Moreover, they found that Romosozumab at a
dose of 210 mg was more effective than doses of 140 and 70 mg
in increasing BMD [17, 29].

Based on the results of previous clinical trials on the effi-
cacy of Romosozumab in increasing BMD and the effect on
the risk of fracture incidence, this drug gets the FDA’s approv-
al for osteoporosis treatment in postmenopausal women.
However, based on the FDA’s reports, this medication may
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Table 4  Sensitivity analysis results after removing McClung study

Comparison Outcome Number MD (95% CI) Z- P value I-
value squared
Placebo vs. Romo 210 Femoral 2 2.97(1.72-4.22) 4.67 <0.001 0.00
Placebo vs. Romo 210 Lumber 2.67(1.8-3.55) 5.98 <0.001 90.59
Placebo vs. Romo 210 Total hip 2 1.28(0.97-1.6) 8.06 <0.001 42.16

have a negative effect on patients, such as serious cardiovas-
cular events [23, 40]. In the present meta-analysis, adjudicated
cardiovascular serious adverse events and adjudicated cardio-
vascular were lower in Romosozumab 210 mg compared with
the placebo. However, analysis of other Romosozumab doses
and control groups was not applicable due to the small number
of studies and insufficient data.

Osteoarthritis was another complication investigated in the
present meta-analysis. Romosozumab may cause osteoarthri-
tis, especially in patients with homozygous genetic deficiency
of sclerostin [41]. Although in our meta-analysis the risk of
osteoarthritis was more in Romosozumab 210 mg than the
placebo, we should take into consideration that this difference
was not statistically significant.

The effect of Romosozumab on the incidence of fractures
was investigated in two clinical trials [16, 18]. The result of
one study demonstrated that uptake of Romosozumab
210 mg, compared with placebo, resulted in fewer clinical
fractures [16]. Another clinical trial showed similar results
by comparing Romosozumab 210 mg with Alendronate
[18]. The efficacy of Alendronate, compared with
Denosumab, was investigated in a meta-analysis according
to which there was no significant difference between the two
drugs in decreasing fracture incidence [42]. Because the con-
trol groups in two included studies were different, we could
not conduct analysis on the risk of clinical, new vertebral, and
non-vertebral fractures [16, 18].

A meta-analysis by Liu et al. [21] examined the efficacy
and safety of Romosozumab in women with osteoporosis by
including six RCTs [16-19, 34]. We excluded Genant et al.
study [34] because of the difference in the kind of BMD out-
comes, which considered volumetric BMD, areal BMD, and
bone mineral content (BMC). On the other hand, our search
strategy was based on a longer period of time (the end of
July 2019(; therefore, we included Lewiecki et al.’s study
and a new RCT from clinicalTrials.gov [20, 38]. The
differences in the present study and Liu’s were, first, the
included population. In the present meta-analysis, we
included both men and women. Another strength of our
research was considering all doses of Romosozumab (210,
140, and 70 mg) with all control groups (Alendronte,
Teriparatide, and placebo), and analysis was performed with
respect to all doses of Romosozumab as well as control
groups. In the Liu’s study, just doses of 210 and 70
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Romosozumab were considered; however, ultimately,
contrary to our study, these different doses of Romosozumab
were not analyzed separately in comparison with the control
groups. For safety analysis, we have analyzed and reported all
possible side effects, while, in the mentioned study, just
incidence of adverse effects was reported.

Bone biomarkers, PINP and 3-CTX, were studied in several
studies [16, 17, 29]. All the included studies in the present meta-
analysis showed consistent results and approved dual effect of
Romosozumab in osteoporosis and low bone mineral density
[16, 17, 29, 31]. However, in this outcome, there was no suffi-
cient data on different phases of biomarkers measurements;
therefore, it wasn’t possible to conduct the meta-analysis.

This study had some limitations. Since Romosozumab was
relatively a new medicine at the time of the study, clinical
studies on this medication were limited. To confirm the results
of efficacy and safety, there will be a need for further studies
that compare Romosozumab with common medications for
osteoporosis with longer follow-ups. Only one of the included
studies in our meta-analysis had examined the effect of this
drug on men. However, it was not included for meta-analysis
of safety outcomes due to insufficient data in BMD outcomes
[20]. Therefore, researchers should be careful about using the
safety results of this study in the male population based on the
inclusion criteria of the present study for considering both
patients with osteoporosis and low bone mass. One of the
studies included in our meta-analysis had investigated the ef-
fects of Romosozumab in patients with low bone mass. The
eligibility criterion for the mentioned study was patients with
T score between —2 and — 3.5. Thus, further studies are re-
quired in both populations [29]. Based on National
Osteoporosis Foundation (NOF) guidelines, it is better to treat
patients based on fracture risk assessment tool (FRAX). The
FRAX uses several clinical risk factors with or without BMD
to predict 10-year probability of hip fracture and major osteo-
porotic fractures [43, 44]. Furthermore, using this tool in arti-
cles will make reports more consistent and easier to compare.

According to available data at this time, we think that
Romosozumab should be considered for patients that have
not had adequate response to other osteoporotic drugs. We
have to be cautious about prescribing Romosozumab in pa-
tients with moderate to severe osteoarthritis because, theoret-
ically, inhibitions of WNT signaling pathways can accelerate
osteoarthritis. But, like other drugs, which were first used in
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refractory patients and then became one of the first choices
(for example Rituximab in ANCA associated vasculitis), we
have to do more clinical trials so that the Romosozumab in
newly diagnosed osteoporotic patients is prescribed with lon-
ger follow up and less bias (for example, we refer to McClung
et al. study [29] that did not use FRAX and also treated
osteopenic patients).

Conclusion

Treatment with anti-sclerostin antibodies can be a proper ther-
apeutic option in patients with low bone mineral density.
However, due to the limited number of studies in this area
and concerns about safety issues, specifically, cardiovascular
events, its widespread use requires more investigation and
longer follow-up durations.
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