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FIGURE 1. Meta-analysis of the percent change in bone mineral density (BMD) values of the (A) lumbar spine; (B) total hip; and (C) distal

third radius.

were searched until Qctober 30, 2014 using combinatians of the
following search terms: ostcoporosis, postmennpause, postme-
nopausal, women, denosumab. Reference lists of relevant stu-
dies were hand-searched.

Study Selection Criteria and Data Extraction

Inclusion critena were: randomized controlled trials (RCTs)
2-amm prospeclive stodies; panicipanis were postmenopausal
women with osieoporosis; the study group was weated with
denosumab and the control group with placebo, Subjects were
excluded if they had evidence of hyperparathyroidism, vitamin D
deficiency, and if they had ever taken parenteral bisphosphonates
or teriparatide. Retrospective, cohon study, and crossover study,
letters, comments, editorials, case reporis, proceedings, wud
persenal caommunications were excluded. Studies with no quan-
Litalive primary outcome were also excluded. Studies were ident-
ified by the search strategy by 2 indepemdent reviewers, and a third
eviewer was consulted when disagreement arose.

2 | www.md-journal.com

The name of the first awthor, year of publication, study
design, number of participants in each group and age and sex,
treatment protocol, BMD and BTM evaluation, length of fol-
low-up, and adverse events were extracted from studies meeting
the inclusion criteria. Two independent reviewers performed the
data extraction, and a third reviewer was consulted for any
uncerlainties.

Quality Assessment

The methodological quality of each study was assessed
using the risk-of-bias assessment tool ouilined in the Cochrane
Handblq::rk for Systematic Reviews of Interventions (version
5.1.0).

Outcome Measures and Data Analysis
The primary outcomie measure was the BMD pervenl change
from baseline hetween patients who received denosumab and

Copyright © 2015 Wolters Kiwwer Health, ic. 41 rights reserved.
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placebo. The secondary outcomes were the percent change in
BTMs from baseline, and adverse events. If the median and
interquartile range (IQR) was reported in a study, it was assumed
that the median of the outcome variable was equal 1o the mean
response and the width of the IQR was approximately 1.35
standard deviations. A x’-based tesi of homogencity was per-
formed using Cochran's Q statistic and £. /2 reflects the percen-
tage of the total variability i effect estimates among trials that is
duc to helerogeneity rathey than chance. Random-effects models
of gnalysis were used if heterogeneity was delected (7% > 50%%),
ana fixed-effects models were used if no heterogeneity was noted.
Differences in means with 95% confidence intecvals (Cls) were
calculated for continuous outcomes, whereas odds ratios (ORs}
with 95% Cls were calculated for dicholomous outcomes. A 2-
sided value of P < (0.05 was considered to indicate statistical
significanee. Sensitivity analysis was carried out using the [eave-
anc-out approach. If there were <35 studies, publication bias wus
not assessed because > 5 studies ave required to detect funnel plot
asymmerry,'® Comprehensive meta-analysis statistical software,
version 2.0 (Biostat, Englewood, NI} was used to perform
all analyses.

RESULTS

A diagram of study selection is presented in Suppiemental
Figure 1, http:/links Iww.com/MD/A466. A total of 82 studics
were identified in the literamre review afler duplicates were
removed. After nonrelevant studics were excluded, 34 full-text
articles were examined. After further excluding studies that did
not meet the inclusion criteria, 4 RCTs were included in the
meta-analysis %% The 4 RCTs included a total of 5806
patients; 4251 received denosumab and 4255 placebo (Table 1).
The mean age of paiients treated with denosumab ranged from
59.4 to 72.3 years, and for the patients treated with placebo
ranged from 58.9 years to 72.3 years.

BMD Change

Al 4 studies™™'"® provided numerical data regarding
the percent change in BMD of the Jumbar spine from baseline
between patients who teceived denosumab and placebo, and
were included in the meta-analysis. There was evidence of
heterogeneity among the 4 studies (Q statistic =43.47,
F=93.10%, P<0.001); thercfore, a random-effects model
of analysis was used. The pooled differcnce in means
{7.58%, 95% Cl: 6.08%-9.08%, P<0.00}) indicated that
patients who received denosumab had significantly increased
BMD of the lumbar spine compared with patients who recejved
placebo (Figure 1 A).

The ¢ studies also provided total hip BMD data, and were
included in the analysis. Therc was eyidence of heterogeneity
among the 4 studies (Q statistic=32.48, P =90.76%,
P < 0.001); thercfore, a random-effects model of analysis
was used, The pooled difference in means (4.86%, 95% CI:
3.82%-5.89%, P < 0.001) indicated that patients who received
denosumab had significanity increased BMD of the total hip
compared with patients who received placebo (Figure 1B}

Three studies™ “2 provided numerical data for the percent
change in BMD of the distal third of the radius from baseline
between patients who receivad denosurnab and placebo, A
random-cffects mode] of anabysis was used because of hetero-
geneity among the 3 sludies (Q statistic = 12.19, P =83.6%,
P =0.002). The pooled difference in means (2.92%, 95% ClL:
1.68%—4.17%, P < 0.001) indicated that patients who received
denosumab had a significantly increased BMD value of the
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FIGURE 2. Meta-analysis of bone turnover markers {4} CTX and (B) PTNP.
distal third of the radius compared with those that received Sensitivity Analysis

placebo (Figure 1C}.

Change of BTMs

All 4 studies®*'%® provided mumerical data for the
percent change in CTX, and were included in the meta-analysis.
There was evidence of heterogeneity among the 4 studies (Q
glatistic = 26.27, I* = 88.58%, P < 0.001); therefore, a random-
effects model of analysis was used. The pooled difference in
means uf vre, 2 random-effects mode) of analysis was used, The
po66.16% (95% CL—77.12% to —55.18%, P < 0.001) indi-
cated that patients who received denosumab had a significant
decrease of CTX as compared with those who received placebo
{Figure 2A},

Three studies provided numerical data for the per-
cenl change in PINP. A random-effects model of analysis was
used because of heterogeneily among the 3 studies (Q
slatistic = 60.06, > =96.67%, P < 0.001). The pooled differ-
ence in means of —64.65% (93% CI: —82.13% to —7.16%,
P < 0.001) indicated that patients who received denosumab had
a significant decrease in PINP as eompared with those who
received placebo (Figure 2B).

10,19,20

Adverse Events

All 4 studies were included in the meta-analysis of adverse
event rates. A fixed-effeets inodel of analysis was used as there
was homogeneity ameong the 4 studies (Q slatistic =3.885,
F =22.78%, P=0.274). The result indicated that the adverse
event rates during the period of freatment were similar between
the groups (pooled OR = 1.04, $5% CI: 0.89-1.22, P=0.625,
Figure 3}).

4 | www.md-journal.com

Sensitivity analysis wag perfonned using tbe leave-one-oul
approach {Table 2}. The direction and magnitude of combined
estimaies did not vary markedly with the removal of the studies,
indicating that the meta-analysis had good reliability and the
data were not overly influenced by any individual study.

Quality Assessment

Results of the quality assessment are shown in Fipure 4.
All 4 studies were double-biind, randomized, and placebo-
controlled trials. Huwever, the allocation conceaiment was
not clear. All of the studies had incompleie owicome data
and selective reporting. Only | study'® included an intention-
to-treat analysis, and others were unclear. Overall, the results
indicated that the studies had a low risk of bias and were of
good quality.

DISCUSSION

The results of this meta-analysis including 4 RCTs indicate
that treatment of postmenopausal women with denosumab is
associated with increased BMD of the distal third of the radivs,
jumbar spine, and total hip and a significant decrease of the
BTMs CTX and PINP as compared with those that received
placebo. Adverse event rales during treatment period were
similar between groups. These results indicate that denosumab
can cifectivcly prevent the resorption of bone snd increase
BMD when used in conjunction with caleium and vitamin D).

Osteoporosis has been referred to as the silent diseasc
because bone loss typically occurs without symptoms, and the
first indication that the condition is present is the occurrenee of a
fracture." Osteoporotic fractures are associated with chronic

Copyright © 20115 Wolters Kluwer Health, Inc. Al rights reserved.
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FIGURE 3. Meta-analysis of adverse evenls.

pain, disability, and an incressed risk of death, thus placing a
significant burden on the health care systems of countries
worldwide.' Denosumab was approved by the US Food and
Drug administration in 2010 for the treatment of women with
osteoporosis at high risk of fracture.'® The drug is administered
every 6 months by SC injection, thus improving cotnpliance as
compared with daily medications, Its mechanism of action is
inhibition of RANKL, end it has been shown to decrease bone

resorption, increase BMD, and reduce the risk of fracture in
postmenapausal women with osteoporosis.” ™'

The largest study to date examining denosumab was the
FREEDOM frial.'® The study included 7868 women between 60
and 90 years of age with BMD T scores of <~2.5 but not
<—4.0. Women were randomized to receive denosumab 60 mg
every 6 months or placebo for 36 months. Denosumab reduced
the cumulative incidence of new radiographic vertebral

TABLE 2. Sensitivity Analysis

Statistics With Study Removed

Study Polnt Lower Limit Upper Limit Z Value Fr
A, Lumbar spine
Nakemura (2012)° 7.99 647 9.51 10.29 0.000
Bone {2011) 7.59 5,65 9,53 7.65 0.000
FREEDOM trial (2009} 7.05 6.40 7.69 2131 0,000
Bone (2008) 7.73 5.93 9.54 8.40 0.000
B. Total hip
Nakamura (2012)° 5.24 427 6.2 10.63 0.000
Bone (2011) 4,79 319 6,40 5.85 0.000
FREEDOM trial (200%) 4.45 3Tt 520 11.69 0.000
Bone (2008) 4,95 3.6 6.14 8.15 0.000
C. Dista] third of radius
Nakamura (2012 3,58 3,05 4.12 13.11 .000
Bone (2011) 247 0.37 458 2.30 0.021
Bone (2008) 2.56 0.26 4,86 218 0,029
D. CTX
Nakamura (2012)° —60.16 -70.53 —49.79 —11.37 0.000
Bone (2011) -70,26 —§2.79 —57.74 —10.99 0.000
FREEDOM trial (2005) —65.74 —85.68 —45.80 —6.46 0,000
Bone (2008) -69.27 —43.64 —54.90 —945 0.000
E. PINP
Bone (2011} —68.81 ~$9.38 —~48.24 -6.56 0.000
FREEDOM irial (2009) —-57.10 —62.48 ~51.73 —20.81 0.000
Bone (2008) —67.85 —90.38 —43.33 —5.90 0.000
F. Adverse events
Nakamura (2012)° 1.04 0.59 1.22 0.54 0,591
Bone (2011} 1.00 0.85 1.18 —0.02 0.986
FREEDOM trial (2009) 1.35 0.84 2.17 1.26 0.209
Bone {2008) 1.04 0.89 1.23 0.54 0.592

CTX = gerum P-isomerized carboxy-terminal cross-linking telopeptide of type I collagen, PYNP =serum procollagen type I amino-terminal

propeptide.

Capyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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from different mechanisms, for example, compression versus
traumatic.”™"® Calcium supplementation is generally given
with denosumab, and given thai a large percentage of patients
experience constipation and gastrointestinal upset with the
recommended dose of calcium, it remains to be determined
whether 8 lower dose of calcium would still achieve the same
resul{ with respeet to increase in BMD and decreased risk of
fracture. H also remains to be studicd whether denosumab is
associated with an improved quality of life,

There arc a number of limitations of this analysis that
should be considered. Although all of the studies included were
RCTs of high quality, there were only 4 studies meeting our
criteria sugpesting that further studies examining the long-temn
effects of denosumab are necessary. Fracture rates of patients
treated with denosumab as compared with control patients were
not examined. There were not enough data ta examine the effect
of denosumab on other impertant BTMs such as tarirate-resist-
ant acid phosphatase 5b (TRAP-5b), bone alkaline phosphatasc
(BALP), and osteocalcio. Denosumab and vitamin D levels
were not examined.

In summary, denosumab increases BMD and decreases
serum markers of bone turnover in postmenopausal women with
osteoporosis, and is not associated with significant side effects.
Although not examined in the curtent study, ather study has
indicated that it decreases the risk of fractures in this population.
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