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Abstract

Background: Both denosumab and bisphosphonates have been demonstrated effective for glucocorticoid-induced
osteoporosis. However, evidence-based medicine is still lacking to prove the clinical results between denosumab and
bisphosphonates. This meta-analysis aims to compare the efficacy and safety between denosumab and oral bisphos-
phonates for the treatment of glucocorticoid-induced osteoporosis through evidence-based medicine.

Methods: MEDLINE, EMBASE, and the Cochrane library databases were searched up to June 2022 for randomized
controlled trials that compared denosumab and oral bisphosphonates in the treatment of glucocorticoid-induced
osteoporosis. The following outcomes were extracted for comparison: percentage change in bone mineral density
from baseline at the lumbar spine, total hip, femoral neck, and ultra-distal radius; percentage change from baseline in
serum concentration of bone turnover markers; and incidence of treatment-emergent adverse events.

Results: Four randomized controlled trials involving 714 patients were included. The pooled results showed that
denosumab was superior to bisphosphonates in improving bone mineral density in lumbar spine (mean differ-

ence (MD) 1.70; 95% confidence interval (Cl) 1.11-2.30; P <0.001) and ultra-distal radius (MD 0.87; 95% C| 0.29-1.45;

P =0.003), and in suppressing C-terminal telopeptide of type 1 collagen (MD -34.83; 95% Cl -67.37--2.28; P =0.04) and
procollagen type 1 N-terminal propeptide (MD -14.29; 95% Cl -23.65- -4.94; P =0.003) at 12 months. No significant
differences were found in percentage change in total hip or femoral neck bone mineral density at 12 months, or in the
incidence of treatment-emergent adverse events or osteoporosis-related fracture.

Conclusions: Compared with bisphosphonates, denosumab is superior in improving bone mineral density in lumbar
spine and ultra-distal radius for glucocorticoid-induced osteoporosis. Further studies are needed to prove the efficacy
of denosumab.

Keywords: Denosumab, Diphosphonates, Glucocorticoids, Osteoporosis, Bone density, Meta-analysis

Introduction

Glucocorticoids are widely used for common medi-
cal conditions including rheumatoid arthritis, asthma
and chronic obstructive pulmonary disease. Gluco-
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30-50% of patients [2, 4]. To prevent development of
glucocorticoid-induced osteoporosis (GIO) in patients
with long-term steroid use is of great significance.

Bisphosphonates are currently the most commonly
used drugs for the treatment of GIO [5-7]. Oral bis-
phosphonates have been proved effective to suppress
loss of bone mineral density (BMD) in patients with
GIO by suppressing osteolysis [8—11]. However, some
patients are unable to use bisphosphonates because
of side effects including renal impairments and acute-
phase reactions. And bisphosphonates have therapy
plateaus after 3 to 4years in increasing BMD [12]. As
an alternative, denosumab has been found to be effec-
tive in GIO patients. Denosumab was given subcuta-
neously 60mg every 6 months. Denosumab has been
proved to increase BMD effectively without therapy
plateaus, and was associated with less renal impair-
ments and acute-phase reactions [13-15].

Several studies have been conducted to compare
the efficacy and safety between denosumab and bis-
phosphonates [16, 17]. However, limited information
is available about the efficacy of denosumab for GIO.
Evidence-based medicine is still lacking to prove the
clinical results between denosumab and bisphospho-
nates for GIO. Therefore, we performed a system-
atic review and meta-analysis to compare the efficacy
and safety between denosumab and oarl bisphospho-
nates for patients with GIO. A better understanding
of advantages and disadvantages of denosumab and
bisphosphonates for GIO may be gotten form this
meta-analysis.

Materials and methods

Inclusion criteria

Studies included in the meta-analysis met the following
criteria: (1) target population: patients with GIO, (2)
intervention: denosumab versus bisphosphonates, (3)
methodological criteria: randomized controlled trials
(RCTs). Review articles, case series, and case reports
were excluded. Studies that could not provide raw data
on the mean or risk ratio were exluced.

Search strategy

Databases include MEDLINE, EMBASE, Web of Sci-
ence, and the Cochrane Collaboration Library up to
June 2022 were searched for relevant studies. We used
the search terms “denosumab’, “bisphosphonates’,
“osteoporosis”, “glucocorticoid”, and “randomized con-
trolled trial” with combinations of the operators “NOT,
“AND’, and “OR” Two authors (L.J. and J.D.) screened
the studies independently.
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Quality assessment

Quality of the included studies was assessed by two
authors (L.J. and J.W.) independently. Disagree-
ments between them were resolved after discussion
with another author (L.L.). For the included RCTs,
the 12 criteria and instructions recommended by the
Cochrane Back Review Group [18] were used for qual-
ity assessment.

Data extraction

Data was extracted from the included studies by two
authors (L.J. and ].D.) independently. General charac-
teristics of each study were collected: year of publica-
tion, author, sample size, study design, and duration of
follow-up. The following outcomes were extracted from
studies for comparison: percentage change in BMD
from baseline at the lumbar spine, total hip, femoral
neck, ultra-distal radius; percentage change from base-
line in serum concentration of bone turnover markers
including C-terminal telopeptide of type 1 collagen
(CTX) and procollagen type 1N-terminal propeptide
(PINP); and incidence of treatment-emergent adverse
events (AEs), infection and osteoporosis-related frac-
ture. Treatment adverse events (AEs) refer to any
unfortunate medical event that occurs during the
course of drug treatment and is not necessarily causally
related to drug treatment. In this study, adverse events
include back pain, arthralgia, hypertension, infection,
headache, atypical femoral fracture, osteonecrosis of
the jaw, malignancy, and so on.

Statistical analysis

The meta-analysis was performed using Review Manager
version 5.3 (Cochrane Collaboration). Continuous out-
comes were presented in terms of mean difference (MD)
and 95% confidence interval (CI); and dichotomous out-
comes were presented in terms of risk ratio (RR) and 95%
CI. Statistical heterogeneity among studies was assessed
using the X2 test. P <0.10 or I? >50% indicated substan-
tial heterogeneity. A fixed-effect model was used for data
with low statistical heterogeneity; otherwise, a random-
effects model was used. P <0.05 indicated statistically
significant difference.

Results

Literature search

The database search resulted in 132 articles that could
potentially be included in the meta-analysis. One hundred
twenty-eight articles were excluded after reviewing title,
abstract, or full text. Finally, four RCTs [12, 16, 17, 19] were
included in the study. Detailed steps of literature search are
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shown in Fig.1. The kappa score of the reviewers extracting
the data was 0.78.

Baseline characteristics

Four RCTs comparing the efficacy and safety of deno-
sumab and bisphosphonates met the inclusion criteria.
Sample sizes of the included four RCTs ranged from
28 to 505. Seven hundred fourteen patients including
357 in denosumab group and 357 in bisphosphonates
group were included in the study. Patients in the two
groups received denosumab 60 mg subcutaneously every
6months, or oral bisphosphonates respectively. All the
patients were given elemental calcium and calcitriol or
vitamin D. Baseline characteristics of the two groups are
shown in Table 1.

Quality assessment

All the included four studies used randomized design.
The Cochrane assessment tool was used for quality
assessment of the included studies. The final risk of bias
of the included four studies was low based on quality
assessment results. (Fig. 2).

Clinical outcomes

Percentage changes in lumbar spine BMD at 6 and
12 months were presented in three [12, 16, 17] and four
[12, 16, 17, 19] studies respectively. It proved that deno-
sumab was superior to bisphosphonates in increasing
lumbar spine BMD at 6 (MD 1.30; 95% CI 0.67-1.93;
P <0.001) and 12months (MD 1.70; 95% CI 1.11-2.30;
P <0.001) (Fig. 3).
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Fig. 2 Quality assessment of the 4 studies included
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Percentage changes in femoral neck BMD at 6 and
12 months were recorded in two [16, 17] and four studies
[12, 16, 17, 19] respectively. Pooled results showed there
were no significant differences between two treatments at
6 months (MD -0.24; 95% CI -1.39-0.92; P =0.69), or at
12 months (MD 0.28; 95% CI -0.95-1.50; P = 0.66) (Fig. 4).

Percentage changes of BMD in total hip and ultra-distal
radius at 12months were provided in three [12, 17, 19]
and two studies [12, 16] respectively. The results showed
the two treatments were similar in increasing total hip
BMD (MD 0.47; 95% CI -1.05-2.00; P =0.54), but deno-
sumab was superior in increasing ultra-distal radius
BMD than bisphosphonates (MD 0.87; 95% CI 0.29-1.45;
P =0.003) (Fig. 4).

With respect to changes in marker of bone turno-
ver, the percentage changes in serum CTX at 6 and
12months were recorded in two [12, 17] and three
studies [12, 17, 19] respectively. Pooled results showed
denosumab was more potent than bisphosphonates
in suppressing CTX at 6 months (MD -14.83; 95% CI
-25.78- -3.87; P =0.008), and at 12 months (MD -34.83;
95% CI -67.37--2.28; P =0.04). The percentage changes
in serum PINP at 6 and 12months were presented in
three [12, 16, 17] and four studies [12, 16, 17, 19] respec-
tively. Denosumab was associated with significant lower
PINP level at 6 months (MD -14.84; 95% CI -24.17-
-5.50; P =0.002) and at 12months (MD -14.29; 95% CI
-23.65- -4.94; P =0.003) (Fig. 5).

All the four studies [12, 16, 17, 19] recorded incidence
of treatment-emergent AEs. The AEs included frac-
ture, infection, skin rash, arthralgia, hypertension and
so on. Pooled result showed no significant differences
between two treatments in the incidence of AEs (RR
1.42; 95% CI 0.80-2.54; P =0.23), infection (RR 1.37;

A lumbar spine 6 mon Denosumab Bisphosphonates Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% Cl Year 1V, Fixed, 95% CI
Mok 2015 3.08 3.0245 21 0.57 2.6121 21 135% 2.51[0.80,4.22] 2015 -
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Total (95% ClI) 259 262 100.0% 1.30[0.67, 1.93] 2
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Fig. 3 Forest plots of percentage changes in lumbar spine BMD at 6 months (A) and 12 months (B) in denosumab versus bisphosphonates
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Fig. 4 Forest plots of percentage changes of BMD in total hip at 12 months (A), femoral neck at 6 months (B) and 12 months (C), and ultra-distal
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95% CI 0.59-3.19; P =0.46) or osteoporosis-related
fracture (RR 1.00; 95% CI 0.65-1.53; P =0.99) (Fig. 6).

Discussion

Both bisphosphonates and denosumab have been
proved effective in rapidly decreasing bone resorp-
tion and increasing BMD. Bisphosphonates bind to the
bone mineral, are taken up by the osteoclasts in the
process of bone resorption, and inhibit the osteoclasts’
activity [20]. Denosumab is a human monoclonal anti-
body, binding to receptor activator of nuclear factor
kappa-B ligand (RANKL) [21-23]. It neutralizes the
function of RANKL which promotes osteoclastogene-
sis [20, 24]. As an alternative to bisphosphonates, den-
osumab has been found to be effective in the treatment
of postmenopausal women with osteoporosis [25-28].

With respect to osteoporosis induced by glucocor-
ticoid, several studies have been performed to com-
pare the efficacy and safety between denosumab and
bisphosphonates.

Based on the meta-analysis, denosumab is superior in
improving lumbar spine BMD compared with bispho-
sphonates. However, there were no significant differ-
ences in total hip and femoral neck BMD improvement
between two groups. It is clear denosumab is effective at
improving BMD in trabecular bone [29]. The proportion
of trabecular bone in the vertebrae is higher than that
in the total hip or femoral neck, which may explain the
different BMD improvements in lumbar spine, total hip
and femoral neck after receiving denosumab treatment.
Besides, in the comparisons of femoral neck and total hip
BMD improvement at 12months between two groups,
there were substantial heterogeneity (I* =66%, 1> =87%,
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Fig. 5 Forest plots of percentage change in serum CTX at 6months (A) and 12 months (B), and P1NP at 6 months (C) and 12 months (D) in

respectively). Hence, more high-quality studies should be
added for further evaluation in the future.

While denosumab has been proved effective in improv-
ing BMD in GIO patients, its discontinuation can lead to
rapid bone loss and increased risk of so-called rebound-
associated vertebral fractures [30]. So it’s important for
patients to either continue denosumab, or receive other
anti-resorptive drugs such as bisphosphonate to prevent
the complication.

Regarding to incidence of treatment-emergent AEs,
pooled result showed no significant differences between
denosumab and bisphosphonates. One thing to note is
that the follow-up period of the four included studies is
relatively short, which may influence the final result. In
previous studies comparing denosumab with zoledronic
acid in advanced cancer with bone metastasis with long
follow-up period, denosumab was associated with lower

incidence of acute phase reaction, and renal toxicity, but
higher incidence of hypocalcemia [31-34].

Based on this meta-analysis, there was no significant
difference in fracture incidence between two treatment
groups. However, it should be noted that the total num-
ber of fracture reported in the RCTs was low, and the
RCTs were not powered to detect difference in fracture
incidence between two groups.

There are several limitations of our study. First,
the number of included studies is small. Second, all
included studies were short in duration. Third, the
patients included in the study had various backgrounds
such as dosage of steroids, different types of bisphos-
phonates, and underlying diseases, which lead to sig-
nificant heterogeneity. Fourth, influence of the study by
Saag et al. [12] on the overall result of the meta-analysis
is great, which may lead to bias.
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A AEs Denosumab Bisphosphonates Risk Ratio Risk Ratio
r I Even Total Even Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
Mok 2015 18 21 5 21 23.4% 3.60 [1.64,7.89] 2015 =
Iseri 2018 4 14 0 14  3.8% 9.00[0.53, 152.93] 2018 ]
Saag 2019 324 394 300 385 40.7% 1.06 [0.98, 1.13] 2019
Mok 2021 21 69 25 70 32.1% 0.85[0.53, 1.37] 2021
Total (95% ClI) 498 490 100.0% 1.42 [0.80, 2.54]
Total events 367 330

Heterogeneity: Tau? = 0.21; Chi? = 12.89, df = 3 (P = 0.005); I?=77%

Test for overall effect: Z = 1.20 (P = 0.23) 0.005 0. ! 10 200

Denosumab Bisphosphonates

B infection Denosumab  Bisphosphonates Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
Mok 2015 7 21 1 21 13.9% 7.00[0.94, 52.04] 2015 =
Iseri 2018 0 0 0 0 Not estimable 2018

Saag 2019 23 394 25 385 52.0% 0.90 [0.52, 1.56] 2019

Mok 2021 8 69 6 70 34.1% 1.35[0.50, 3.70] 2021

Total (95% Cl) 484 476 100.0% 1.37 [0.59, 3.19]

Total events 38 32

0.002 0.1 1 10 500
Denosumab Bisphosphonates

Heterogeneity: Tau? = 0.28; Chi? = 4.02, df =2 (P = 0.13); I? = 50%
Test for overall effect: Z = 0.74 (P = 0.46)

C fracture Denosumab Bisphosphonates Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI

Mok 2015 0 21 0 21 Not estimable 2015

Iseri 2018 1 14 0 14 1.3% 3.00[0.13, 67.91] 2018 -

Saag 2019 35 398 36 397 93.5% 0.97 [0.62, 1.51] 2019 .

Mok 2021 2 69 2 70 5.2% 1.01[0.15, 7.00] 2021 - 1

Total (95% CI) 502 502 100.0% 1.00 [0.65, 1.53] 2

Total events 38 38 .

Heterogeneity: Chi? = 0.49, df =2 (P = 0.78); I? = 0%

Test for overall effect: Z=0.01 (P = 0.99) 0.002 01 1 10 500

Denosumab  Bisphosphonates
Fig. 6 Forest plots of incidence of treatment-emergent AEs (A), infection (B), and osteoporosis-related fracture (C) in denosumab versus
bisphosphonates

In conclusion, for patients with GIO, denosumab is  Funding
superior in improving BMD in lumbar spine and ultra-  "°"®
distal radius, and in suppressing CTX and PINP than availability of data and materials
bisphosphonates. Future studies with Iarger sample size  The data and materials contributing to this article may be made available
and longer fOllOW-up period are advised to perform for upon request by sending an e-mail to the corresponding author.

further evaluation of denosumab. .
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