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Background: To evaluate the efficacy of different pharmacological interventions, with emphasis on
monoclonal antibodies (McAbs) for the treatment of postmenopausal osteoporotic women.

Methods: A scarch of PubMed, Google Scholar, Embase, and the Cochrane Library, as well as China
National Knowledge Infrastructure (CNKI) was performed. Data were collected and pooled using Bayesian
network meta-analysis (NMA), which conducts both direct and indirect comparisons. The primary outcome
was the percentage change in bone mineral density (BMD) in the lumbar spine from baseline to 1 year
of treatment. All drugs were ranked based on the surface under the cumulative ranking area (SUCRA).
Furthermore, the heterogeneity, consistency, and publication bias of the enrolled literature were assessed.
Results: There were 14 randomized controlled trials (RCTS) consisting of 4,881 participants included to
compare 11 interventions. Compared with that of a placebo, all the 10 selected therapies showed significant
efficacy through changes in BMD ranging from 6.0% to 19.0% (all P<0.01). As the SUCRA values indicated,
the therapeutic performance of antibody drugs was better than that of the conventional chemical agents, and
blosozumab was the best choice (SUCRA 99.2%) to improve lumbar spine BMD.

Conclusions: Novel McAb treatments achieved better therapeutic effects in the treatment of
postmenopausal osteoporosis (PMO), especially blosozumab. Further trials are needed to investigate and

optimize the delivery strategy of McAbs.
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Introduction all postmenopausal women with estrogen withdrawal

. . o have osteoporosis in the United States and Europe. The
Because of its prevalence worldwide, osteoporosis is 1 ; o f )
considered a serious public health concern that usually prevalence of osteoporosis in men over 50 years of age in
decreases the quality of life because of fracture-induced

disability (1). Currently, it is estimated that more than

China (6.0%) is not significantly different from that in other
parts of the world (5.1% in the USA, 6.6% in Canada, and

200 million people suffer from this disease worldwide.
Although osteoporosis can strike at any age, it is most
common among older people. Approximately 30% of
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7.3% in Korea). However, the morbidity of osteoporosis
in women in China varies considerably from those in the
western countries (32.1% vs. 16.5% in the USA and 15.8%
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in Canada) (2).

Osteoporosis is a preventable and treatable disease.
Several prospective studies have suggested that improved
bone mineral density (BMD) is associated with a reduction
in the fracture rate (3,4). Among the people not suffering
from osteoporosis, the low bone mass proportion was
49.9% in males and 67.6% in females over 50 years old.
Hence, improving BMD and reducing fractures are the
primary therapeutic goals (5).

There are two main categories of conventional therapies
applied to prevent or treat postmenopausal osteoporosis
(PMO). One is anti-resorptive chemical agents containing
estrogen or selective estrogen receptor modulators
(bazedoxifene, raloxifene), calcitonin, bisphosphonates
(alendronate, ibandronate, risedronate, and zoledronate),
and odanacatib. The other category consists of the drugs
that have anabolic effects on bones, such as strontium
ranelate, teriparatide, and other similar drugs (6). With
advances in biotechnology, the development of ever more
sophisticated treatments employing novel mechanisms
of action is rendered possible. As a molecular targeted
therapy, fully humanized monoclonal antibodies (McAbs)
against RANKL (denosumab) or sclerostin (romosozumab
or blosozumab) have been put through large-scale clinical
trials in succession, resulting in improvements of BMD and
reductions in fracture risk (7-9).

With numerous choices, the best healthcare method
for postmenopausal women with osteoporosis is still
controversial. Though there are several courses of treatment
for osteoporosis, including combinations of drugs, the
proper selection of different therapies is a topic that remains
open for debate. Unfortunately, there is still no synthesized
evidence regarding how to improve therapeutic efficacy and
reduce the physical burden resulting from drugs, especially
whether novel McAb drugs are superior to the traditional
chemical agents in women with PMO (10-12).

Previously, randomized controlled trials (RCTs) and
traditional pairwise meta-analyses have been performed
to determine the most effective therapy. However, the
conclusions remain controversial, especially for the selection
of McADb drugs. Because network meta-analysis (NMA)
enables the ranking of all possible regimens, although
without direct comparisons, we performed a systematic
review and NMA to identify the efficacy of McAbs with
other therapeutic agents for the treatment of osteoporosis
(13,14). We presented our study according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting checklist. The influence of
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11 interventions (1, denosumab; 2, denosumab + placebo; 3,
denosumab + teriparatide; 4, romosozumab; 5, blosozumab;
6, alendronate; 7, teriparatide; 8, zoledronic acid; 9,
ibandronate; 10, risedronate; and 11, placebo) on the percent
change in BMD from baseline to 12 months of treatment
during which the lumbar spine was comprehensively
assessed. We present the following article in accordance with
the PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1294).

Methods
Literature search

This study was conducted according to the PRISMA
protocols (15-19). We systematically searched PubMed,
Google Scholar, Embase, and Cochrane Library, as well as
China National Knowledge Infrastructure (CNKI), a key
national research and information publishing institution
in China, for articles up to August 31, 2020, with the
restriction of language to English and Chinese. To fully
identify studies covering relevant participants, the literature
search involved the querying of the terms “Denosumab”,
“Romosozumab”, “Blosozumab”, “Osteoporosis”, and
“Randomized controlled trial (RCT)” conducted in humans.
Additionally, reference lists of the identified RCTs were
manually scanned to identify the related research in order
to increase the recall and accuracy ratio. The electronic
search procedure followed the PRISMA guidelines and used
the PRISMA Extension for NMA.

Study eligibility

We collected all RCTs on the comparison of therapeutic
effects containing McAb drugs for the treatment of PMO.
Inclusion criteria of studies included those with (I) a study
population of postmenopausal women with osteoporosis or
low BMD, (II) a study design including therapeutic RCT,
(III) the information on the interventions included McAbs
(denosumab, romosozumab, or blosozumab), (IV) wherein
all participants were required to take at least 1,000 mg
of elemental calcium and 400 IU of vitamin D daily as a
basic treatment, and the dosing regimen of each McAb
was identical (denosumab 60 mg; romosozumab 210 mg;
blosozumab 270 mg). Studies without consistent doses or
treatment courses, as well as the extraction of outcome data,
were excluded. In this NMA, the available primary endpoint
was the percent change in BMD of the lumbar spine at
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1,053 records identified through database search

Y

876 duplicates or reviews removed

A

177 title/abstract screened

71 Studies on molecular mechanism
38 Not RCTs
40 Not concerning postmenopausal women

\4

A

28 full-text articles assessed for eligibility

> 6 Inconsistent with dose and duration

5 No information regarding BMD reported
3 Unable to extract outcome data

Y

14 RCTs included in the multiple treatment meta-analysis
9 refer to Denosumab

4 refer to Romosozumab

1 refer to Blosozumab

Figure 1 Study flow and selection diagram.

12 months. Percent change from baseline in BMD for the
lumbar spine was synthetically assessed. Two investigators
(X.L. and Q.].) independently determined whether the trials
met the inclusion criteria, with discrepancies resolved by

consensus.

Data extraction and quality assessment

We assessed the risk of bias in contributing studies with
standard criteria. Two authors (FZ. and Q.].) extracted data
and evaluated quality, respectively, with a discussion with
the third reviewer (X.L.) to resolve any discrepancies. The
collected information included participant demographic
information (age, sex) and study characteristics (authors,
publication year, sample size, duration of intervention, and
outcome). Regarding the lack of standard deviation (SD),
the estimation method via sample size and confidence
interval (CI) was adopted to deduce SD. Additionally, the
quality of evidence was assessed using the Cochrane Risk of
Bias (ROB) Tool, including the following seven items: (I)
random sequence generation, (II) allocation concealment,

(III) blinding of participants and personnel, (IV) blinding
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of outcome assessment, (V) incomplete outcome data, (VI)
selective reporting, and (VII) other sources of bias.

Data syntbesis and statistical analysis

The NMA was performed using R software 3.5.2 with the
“Gemtc” package, which recalls JAGS in R for Markov
chain Monte Carlo (MCMC) sampling. The mean + SD was
utilized to compare different agents with respect to various
clinical outcomes. We conducted a conventional meta-
analysis for treatments that were directly compared in RCTs
by the Bayesian random-effects model. Convergence was
checked using the Brooks-Gelman-Rubin diagnostic and
trace plots. A comparison-adjusted funnel plot was used to
detect the presence of publication bias in the NMA. Ranking
probabilities of all treatments used the surface under the
cumulative ranking area (SUCRA). Inconsistencies between
direct and indirect evidence in the network were evaluated
using global and local inconsistency tests.

Results
Study selection and characteristics

Of the 1,053 citations screened, 14 studies (20-33) involving
4,881 subjects were recruited in our meta-analysis and
the selection details are shown in Figure 1. The baseline
characteristics and J Cochrane ROB evaluation of the
included studies are presented in Table 1 and Figure SI. In
14 studies, nine trials investigated the efficacy of denosumab
relative to other medications; four studies provided data on
romosozumab elevation; and one study provided results on
blosozumab. No direct comparison between these McAb
agents was conducted.

Model construction and publication bias

A network plot of treatment comparisons on the percent
change in BMD is shown in Figure 2. The nodes represent
the interventions and their sizes represent the number
of participants. Edges represent the availability of direct
comparisons between pairs of interventions, whereas the
width represents the number of studies comparing the pair
of interventions.

For each analysis, we generated 5,000 simulations for
each of the two sets of different initial values and discarded
the first 2,000 simulations as the burn-in period. A total
of 25,000 instances of iterations were increased to acquire
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Table 1 Characteristics of included studies and respective Jadad scoring

Jiang et al. Comparison of McAbs and conventional drugs in PMO

Intervention-1

Intervention-2

© Athor Year Treatment Samz\lg size fng;:]y?:&' Treatment Sam Z\IE size AmgeZE]y?;g)’
1 Bolognese 2013 Denosumab 232 73.0 (4.8) Placebo 209 73.0 (5.4)
2 Kendler 2010 Denosumab 243 66.9 (7.8) Alendronate 238 68.2 (7.7)
3 Koh 2016 Denosumab 58 67.0 (4.86) Denosumab + 61 66.0 (4.77)
placebo
4 McClung 2006 Denosumab 41 63.1 (8.1) Alendronate 45 62.8 (8.2)
Placebo 40 63.7 (9.1)
5 McClung 2017 Denosumab 157 72.8 (4.7) Placebo 128 72.3 (5.4)
6 Miller 2016 Denosumab 613 68.5 (7.1) Zoledronic acid 612 69.5 (7.7)
7 Recknor 2013 Denosumab 398 67.2 (8.1) Ibandronate 372 66.2 (7.8)
8 Roux 2014 Denosumab 422 67.8 (7.0) Risedronate 402 67.7 (6.8)
9 Leder 2013 Denosumab 33 66.3 (8.3) Denosumab + 29 65.9 (9.0)
teriparatide
Teriparatide 30 65.5 (7.9)
10 Genant 2017 Romosozumab 24 64.3 (4.7) Teriparatide 30 65.8 (5.7)
Placebo 27 66.1 (5.8)
11 Ishibashi 2017 Romosozumab 59 68.3 (5.9) Placebo 59 67.8 (7.2)
12 Keaveny 2017 Romosozumab 24 64.3 (4.7) Teriparatide 28 65.8 (5.7)
Placebo 27 66.1 (5.8)
13 McClung 2014 Romosozumab 49 66.3 (6.5) Teriparatide 46 66.8 (5.7)
Alendronate a7 67.1(5.8)
Placebo 47 67.0 (6.5)
14 Recker 2015 Blosozumab 25 66.1 (7.7) Placebo 26 66.0 (9.2)

satisfactory convergence, as shown in the trace-density
plots, as well as diagnostics plots, through which the
potential scale reduction factor (PSRF) was obtained as
1.01 (Figures S2,S3). The publication bias is revealed by the
funnel plot in Figure S4 and there was no apparent evidence

of asymmetry.

Efficacy outcome-percentage change of BVMD

The effects on the percent change in BMD were generated
on the direct meta-analysis forest plots. Because no specific
evidence among McAb drugs had been reported, this
result was statistically drawn by network estimation via
the pairwise comparisons between conventional drugs

© Annals of Palliative Medicine. All rights reserved.

versus McAbs. The analysis suggested that romosozumab
and blosozumab were significantly superior to other
conventional interventions (Figure 34,B), except for
denosumab (Figure 3C).

In Figure S5, we illustrated the inconsistency in the
seven triangular loops formed by the three treatments
compared with each other using the method of moments.
The upper 95% CI (truncated) of IF close to 0 indicated
that the network was generally consistent where the
direct and indirect effect sizes in the loop highly
overlapped.

Probability sorting data after n.adapt =5,000 and n.iter
=20,000 iterations is shown in Tuble 2, which consists
of rows and columns equal to the total number of
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Figure 2 Evidence network of eligible comparisons of NMA.
The width of lines indicates the number of trials, whereas the area
of circles represents the cumulative number of patients for each

intervention. NMA, network meta-analysis.
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interventions (11 in this study). It could be directly inferred
that blosozumab was likely the best, whereas the placebo
was the worst. However, the specific ranking requires needs
further analysis. And Figure 4 is a probability sorting graph
expressed by a histogram, which allowed the researchers
to predict the best and worst intervention more quickly.
Indeed, a similar order could be concluded as a comparison
to that derived from the data table.

A cumulative ranking plot and SUCRA could aid
researchers in decision making. Table 3 is the cumulative
probability data, based on which the cumulative ranking
plot of interventions was produced and SUCRA calculated.
Figure 5 was the cumulative ranking probability diagram and
the corresponding SUCRA value of each agent (underneath)
through which the curative effect of interventions could
be ranked. Blosozumab and romosozumab ranked first
and second (SUCRA of 99.2% and 94.8%, respectively),
followed by denosumab combined with teriparatide
(SUCRA of 83.0%). Placebo was ranked as the least
effective treatment (SUCRA of 7.1%).

B Mean Difference (95% Crl)
Compared with 5

1 —_— -13. (-20., -6.4)
10 _— -16. (-23., -7.3)
11 —_— -19. (-25., -13)
2 —_— -16. (-24.,-7.8)
3 —_— -9.1 (-16., -1.1)
4 ———7F -5.2(-12,2.2)
6 —_— -14.(-20., -6.9)
7 —_— -11.(-17.,-3.7)
8 _ -15. (-28.,-7.3)
9 —_— | -15.(-23.,-7.1)

[
-30 03

Figure 3 Forest plots for lumbar spine BMD compared between McAbs and conventional drugs. (A) Comparison of efficacy between

romosozumab and other interventions; (B) comparison of efficacy between blosozumab and other interventions; (C) comparison of efficacy

between denosumab and other interventions. BMD, bone mineral density; McAbs, monoclonal antibodies.
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Table 2 Probability sorting data for 11 interventions
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Interventions

Ranks
1 10 11 2 3 4 5 6 7 8 9
1 0.00000 0.00075 0.00000 0.00067 0.00860 0.06247  0.92570  0.00002  0.00017  0.00078  0.00085
2 0.00005 0.00213  0.00000 0.00160 0.04103 0.89363 0.05442 0.00032 0.00273 0.00217  0.00192
3 0.00190  0.00840 0.00000 0.00723 0.80882  0.03892  0.01150  0.00415 0.10012  0.00945  0.00952
4 0.01942  0.01818 0.00000 0.01392  0.09077 0.00362 0.00393 0.01732  0.79202  0.01995  0.02088
5 0.56585 0.04702  0.00008 0.03465 0.02303 0.00085 0.00142  0.15640 0.06482  0.05253  0.05335
6 0.27367 0.06418 0.00040 0.04595 0.01050 0.00028 0.00120  0.43505 0.02208 0.07270  0.07398
7 0.10362  0.16387  0.00207 0.10358  0.00712  0.00015  0.00078 0.21080 0.01070  0.19598  0.20133
8 0.02975  0.22147  0.00857  0.15430 0.00532  0.00005 0.00048 0.11215 0.00512 0.23512  0.22768
9 0.00515  0.24412 0.03015 0.21710 0.00315  0.00002  0.00025 0.04903 0.00183 0.22668  0.22252
10 0.00060 0.19547 0.11327 0.36045 0.00132 0.00002 0.00022 0.01417  0.00038 0.15608  0.15803
11 0.00000 0.03442  0.84547 0.06055 0.00035 0.00000 0.00010  0.00060  0.00003 0.02855  0.02993
risedronate, and placebo) and sequential or combined
therapy (denosumab + placebo or denosumab + teriparatide)
087 on increasing BMD of the lumbar vertebra. Overall, the
high quality of the articles we chose, having neither major
publication bias nor large inconsistencies, which could
0.6 have contributed to the reliability of our research. As
shown in our assessment, blosozumab was the best agent
for the treatment of PMO based on the SUCRA, whereas
0.4 the placebo had the lowest effectiveness among the 11
treatments.
From a clinical point of view, osteoporosis-related
oz fractures most commonly occur in the hip, backbone (spine),
' and wrist. Back pain caused by a vertebral compression
fracture in the spine is a typical sign and symptom in
I h I i the initial stages of bone loss. As is well known, BMD

0.0-
1 10 11 2 3 4 5 6 7 8 9

Figure 4 Probability ranking histogram of 11 interventions.

Discussion

In this NMA, we investigated the efficacy of McAbs and
conventional interventions in postmenopausal women with
osteoporosis. Through a systematic search, we found 14
RCT recruiting 4,881 participants and observed the effect
of monotherapy (denosumab, romosozumab, blosozumab,

alendronate, teriparatide, zoledronic acid, ibandronate,

© Annals of Palliative Medicine. All rights reserved.

is the most intuitive and reliable indicator reflecting the
therapeutic effect of osteoporosis (34). Thus, we chose the
percent change of lumbar spine BMD from baseline as
our primary endpoint. No apparent relationship between
tested drugs and adverse events was observed, except such
complaints as the incidence of injection-site reactions or
dyspepsia, which did not lead to discontinuation of the
study drug or withdrawal from the study.

The resulting network model portrayed a picture
of comparable outcomes in BMD change to select the
optimum choice for PMO. Molecular targeting drugs
initially became a hot topic in the field of cancer therapy,
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Table 3 Cumulative ranking data for 11 interventions
Cumulative Interventions
ranks 1 10 11 2 3 4 5 6 7 8 9
1 0.00000 0.00075 0.00000 0.00067 0.00860 0.06247 0.92570 0.00002 0.00017 0.00078 0.00085
2 0.00005 0.00288 0.00000 0.00227 0.04963 0.95610 0.98012 0.00033 0.00290 0.00295 0.00277
3 0.00195 0.01128 0.00000 0.00950 0.85845 0.99502 0.99162 0.00448 0.10302 0.01240 0.01228
4 0.02137 0.02947 0.00000 0.02342 0.94922 0.99863 0.99555 0.02180 0.89503 0.03235 0.03317
5 0.58722 0.07648 0.00008 0.05807 0.97225 0.99948 0.99697 0.17820 0.95985 0.08488 0.08652
6 0.86088 0.14067 0.00048 0.10402 0.98275 0.99977 0.99817 0.61325 0.98193 0.15758 0.16050
7 0.96450 0.30453 0.00255 0.20760 0.98987 0.99992 0.99895 0.82405 0.99263 0.35357 0.36183
8 0.99425 0.52600 0.01112 0.36190 0.99518 0.99997 0.99943 0.93620 0.99775 0.58868 0.58952
9 0.99940 0.77012 0.04127 0.57900 0.99833 0.99998 0.99968 0.98523 0.99958 0.81537 0.81203
10 1.00000 0.96558 0.15453 0.93945 0.99965 1.00000 0.99990 0.99940 0.99997 0.97145 0.97007
11 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000

and gradually expanded to other areas of chronic diseases.
Fortunately, McAbs could enhance drug efficiency
by identifying targets, reduce the frequency of drug
delivery, and improve patient compliance. In particular,
McAb drugs were administered by subcutaneous (SC)
injections delivering 60 mg of denosumab every 6 months,
210 mg of romosozumab every 3 months, and 270 mg of
blosozumab every 2 weeks. However, most conventional
anti-osteoporosis drugs, such as a bisphosphonate, need to
be taken daily or weekly. As shown in our study, regarding
the optimal selection for postmenopausal osteoporotic
women, the list was led by blosozumab, romosozumab,
and denosumab combined with teriparatide, and strongly
indicated the advantages of targeted antibody drugs.

The development of McAb agents is entirely based on
a thorough understanding of the molecular mechanisms
of bone formation and resorption. RANKL and sclerostin
are key modulators in osteoclast and osteoblasts activity,
respectively (35-37). Binding to RANKL (denosumab) or
sclerostin (romosozumab or blosozumab) could specifically
block bone resorption or promote bone formation (38,39).
Excitedly, the efficacy and safety evaluation of these
McAbs was already accomplished in the phase III clinical
trial. Additionally, denosumab (Trade name “Prolia”) has
already won final FDA approval, whereas romosozumab
and blosozumab are under approval applications with the
FDA (40,41).

It is indisputable that the placebo was the most

© Annals of Palliative Medicine. All rights reserved.

ineffective, but unexpectedly denosumab alone did not
outperform other interventions, except for its combination
with teriparatide, showing a significant improvement in
BMD change in postmenopausal osteoporotic women.
Currently, the application of denosumab has come to full
maturity and is in universal clinical practice (42,43). Thus,
modified drug dosage or interval and drug combination may
be the potential strategies in the future.

To our knowledge, this study has at least two advantages.
First, our study is an early NMA with respect to the efficacy
of McAb therapies for PMO. Second, we chose high-
quality research that was highly consistent in the project
design methodology and outcome evaluation, without
serious inconsistencies and small sample bias that could
interfere in achieving reliable results. However, there
are some limitations in our NMA. To avoid confounding
factors and achieve comparability among studies, the
selections of drug dosage and duration are quite consistent.
Therefore, taking into consideration other endpoints, such
as total hip or femoral neck, and additional indicators, such
as serum biomarkers (PINP and B-CTX) (44), a more
comprehensive study and evaluation must be conducted,
and long-term effects of McAbs should be confirmed in
the future. Furthermore, as a newly developed agent, the
number of RCTs on blosozumab is still limited. However,
its clinical application is highly promising. Finally, for
clinical practice, the findings should be interpreted carefully
and be translated with caution.
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Figure 5 Cumulative ranking probability diagram and the corresponding SUCRA value of each agent. SUCRA, surface under the

cumulative ranking area.

Conclusions

This NMA demonstrated that McAbs outperformed the
conventional chemical drugs. Blosozumab was considered
the preferred agent for improving lumbar spine BMD. We
paved the way for clinical intervention strategies concerning
novel targeted drugs. Nevertheless, more high-quality
RCTs are necessary for more comprehensive evaluations
and treatments to further our conclusions.
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Figure S2 Trace-density graphs with different iteration instances.
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Figure S5 Inconsistency test results using the method of moments.
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