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Abstract
INTRODUCTION Denosumab and romosozumab, the recently approved new drug, are effective and widely
known molecular-targeted drugs for postmenopausal osteoporosis treatment. However, no studies have
directly compared their therapeutic effects or safety in postmenopausal osteoporosis. We believe the
data evaluating the e�cacy of each drug might be strong ground for further osteoporosis treatment.

METHODS This retrospective observational registry study compared the e�cacy of 12-month
denosumab or romosozumab treatment in postmenopausal osteoporosis patients. The primary outcome
was the change in bone mineral density (BMD) at the lumbar spine. Secondary outcomes included BMD
changes at the total hip and femoral neck, changes in bone turnover markers, and adverse events.
Propensity score matching was employed to assemble patient groups with similar baseline
characteristics.

RESULTS Sixty-nine patients each received either denosumab or romosozumab for 12 months. The mean
12-month percentage change from baseline in lumbar spine BMD was 7.2% in the denosumab group and
12.5% in the romosozumab group, indicating a signi�cant difference between the groups. The percentage
changes in BMD at both the total hip and femoral neck were also signi�cantly higher at 12 months in the
romosozumab group than in the denosumab group. In denosumab patients, bone formation and bone
resorption markers were signi�cantly decreased at 6 and 12 months from baseline. In the romosozumab
group, the bone formation marker was signi�cantly increased at 6 months and then returned to baseline,
while the bone resorption marker was signi�cantly decreased at both time points. Adverse events were
few and predominantly minor in both groups.

CONCLUSION Romosozumab showed a higher potential for improving BMD than denosumab in this
clinical study of postmenopausal osteoporosis patient treatment.

Introduction
At over 80 years, the average life expectancy in Japan is one of the highest in the world. However, healthy
life expectancy remains in the early 70 s, indicating a period of approximately 10 years that may require
some kind of medical care. One reason for this gap is a decrease in activities of daily living due to
fragility fractures associated with osteoporosis1–3.

Approaches to osteoporosis treatment have become highly diversi�ed, with clinicians now being able to
offer tailor-made treatment options for each patient. As a new therapeutic goal, it is necessary to
formulate osteoporosis treatments that elevate T-score to > -2.5 within 5 years4, and so stronger
therapeutic regimens may be required for patients with severely low bone mineral density (BMD).

In recent clinical practice, denosumab5–7 and romosozumab8–10 have become well-known molecular-
targeted drugs with potent BMD-increasing effects. The drugs are considered especially important for
osteoporosis management. However, no studies have directly compared the e�cacy of denosumab and
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romosozumab in a clinical study. We therefore compared the clinical effects of denosumab and
romosozumab in patients with postmenopausal osteoporosis to help physicians make more appropriate
treatment proposals to a�icted patients.

Methods

Study population
From April 2015 to August 2020, this retrospective observational cohort study was conducted at our clinic
and 4 a�liated institutions. The subjects were postmenopausal osteoporosis patients who were
administered denosumab or romosozumab for 12 months.

Propensity score matching11 was performed for drug comparisons to reduce the differences in baseline
characteristics between the groups. Propensity scores were estimated using a non-parsimonious
multivariable logistic regression model. The variables considered for propensity score matching were age,
body mass index (BMI), lumbar spine BMD, prevalent vertebral fracture, and prior non-vertebral fracture
after 45 years of age. Denosumab (60 mg, s.c. once every 6 months) and romosozumab (210 mg, s.c.
once every month) were used to treat patients diagnosed as having postmenopausal osteoporosis [8, 10],
especially those with a high risk of fracture12. Patients were excluded if they had experienced a
cardiovascular event within the previous year or were hypocalcemic. The study protocol of this
investigation was reviewed by the ethics committee of Shinshu University School of Medicine and
Kobayakawa Orthopedic and Rheumatologic Clinic. Written informed consent was obtained from all
participants prior to enrollment. This study was conducted following the tenets outlined in the Declaration
of Helsinki.

Bone mineral density measurements
To evaluate the effects of 12-month osteoporosis therapy on BMD as the primary and secondary
outcomes of interest, dual-energy X-ray absorptiometry (DXA) was employed using a Prodigy Fuga device
(GE Healthcare, Madison, WI, USA). The minimum signi�cant change for this model was 2%13. Lumbar
vertebra DXA measured the lumbar 2–4 levels and excluded any vertebral body with a T-score of 1.0
higher than the vertebral body with the lowest T-score. DXA readings were taken at baseline and at 6 and
12 months of treatment.

Primary and secondary outcomes of interest
The primary outcome of interest was the percentage change from baseline in areal BMD by DXA at the
lumbar spine during 12 months of treatment (mean values at 6 and 12 months). The secondary
outcomes were the percentage changes in total hip and femoral neck BMD at 6 and 12 months as well as
the percentage changes in the serum bone turnover markers procollagen type 1 N-terminal propeptide 1
(P1NP) and tartrate-resistant acid phosphatase isoform 5b (TRACP-5b). A previous report demonstrated
that TRACP-5b levels were useful bone resorption markers that demonstrated higher clinical sensitivity
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Results

Study proportions
Between April 2015 and August 2020, 571 osteoporosis patients received denosumab or romosozumab
treatment for 12 months (Figure. 1). Seventy-seven male osteoporosis patients and 229 secondary
osteoporosis patients were excluded, leaving 265 patients who met the inclusion criteria of this study. Of
them, 131 received denosumab and 134 received romosozumab. Before propensity score matching, there
were signi�cant differences between the treatment groups for several baseline variables (Table 1). After
propensity score matching, 69 patients each had received denosumab or romosozumab. No remarkable
differences in patient background were detected between the groups (Table 2).

and signal-to-noise ratio as compared with serum CTX levels14. P1NP and TRACP-5b were measured by
the enzyme immunoassay and chemiluminescent enzyme immunoassay methods, respectively, at the
time of treatment introduction (baseline) and at 6 and 12 months afterwards.

Statistical analysis
Patient background parameters are expressed as the mean ± standard deviation. P1NP and TRACP-5b are
expressed as the median. Percentage changes from baseline to the 6- and 12-month time points for BMD,
P1NP, and TRACP-5b were assessed using the Wilcoxon signed-rank test. The Wilcoxon rank-sum test
was employed to evaluate the differences between the groups with regards to the percentage changes
from baseline for the primary and secondary outcomes. Differences between the study groups were
determined by ANOVA or Fisher’s exact test. A two-tailed P-value of < 0.05 was considered statistically
signi�cant for all analyses. All statistical testing was conducted using R version 3.6.0 (R Core Team,
2019; http://www.R-project.org/).
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Table 1
Demographic and clinical characteristics of subjects at baseline before extraction by propensity score

matching.

  Denosumab

(N = 134)

Romosozumab

(N = 131)

P-value

Age (years, mean ± SD) 73.1 ± 12.3 76.3 ± 8.7 0.017

BMI (kg/m2) 21.2 ± 3.2 21.6 ± 3.3 0.561

T-Score      

Lumbar Spine -2.11 ± 1.22 -2.89 ± 1.11 < 0.001

Total Hip -2.48 ± 0.69 -2.62 ± 0.81 0.247

Femoral Neck -2.94 ± 0.64 -3.19 ± 0.80 0.003

Prior vertebral fracture, n(%) 42 (31.3) 57 (43.5) 0.043

Prior non-vertebral fracture, n(%) 17 (12.7) 40 (30.5) 0.001

History of Prior Treatment, n(%)      

Naïve 90 (67.2) 84 (64.1) 0.608

Switch 44 (32.8) 47 (35.9)  

Concomitant use of active vitamin D,n(%) 22 (55.0) 62 (47.7) 0.472

T.PINP (µg/l, median) 56.8 [39.0, 75.1] 67.3 [41.3, 95.9] 0.062

TRACP.5b (mU/dl, median) 458.5 [365.0, 642.3] 522.0 [341.5, 665.0] 0.491

Serum Albumin (g/dL) 4.1 ± 0.3 4.2 ± 0.3 0.031

Serum-corrected Ca (mg/dL) 9.4 ± 0.5 9.3 ± 0.4 0.006

eGFR (mL/min/1.73 m2) 69.8 ± 21.3 67.6 ± 19.7 0.491

25OHD (ng/mL) 15.6 ± 7.0 16.3 ± 6.3 0.226

ucOC (ng/mL) 5.7 ± 4.1 7.1 ± 6.0 0.189

Data are expressed as the mean ± standard deviation (SD) or the number (%) of all patients who
completed 12 months of denosumab or romosozumab treatment. P1NP and TRACP-5b are expressed
as median values.

BMI, body mass index;  P1NP, procollagen type 1 N-terminal propeptide; TRACP-5b, tartrate-resistant
acid phosphatase isoform 5b; eGFR, estimated glomerular �ltration rate; 25OHD, 25-hydroxyvitamin D;
ucOC, undercarboxylated osteocalcin. Differences between the groups were determined by ANOVA or
Fisher’s exact test.
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Table 2
Demographic and clinical characteristics of subjects at baseline after extraction by propensity score

matching.

  Denosumab

(n = 69)

Romosozumab

(n = 69)

P-value

Age (years, mean ± SD) 74.20 ± 11.32 75.83 ± 9.70 0.367

BMI (kg/m2) 21.15 ± 3.39 22.09 ± 3.24 0.192

T-Score      

Lumbar Spine -2.50 ± 1.13 -2.62 ± 1.25 0.322

Total Hip -2.55 ± 0.73 -2.57 ± 0.84 0.93

Femoral Neck -3.12 ± 0.62 -3.12 ± 0.82 0.87

Prior vertebral fracture, n(%) 26 (37.7) 25 (36.2) 1

Prior non-vertebral fracture, n(%) 12 (17.4) 13 (18.8) 1

History of Prior Treatment, n(%)      

Naïve 42 (60.9) 49 (70.1) 0.281

Switch 27 (39.1) 20 (29.0)  

Concomitant use of active vitamin D, n(%) 12 (17.4) 35 (50.7) 0.612

T.PINP (µg/l, IQR) 56.8 [35.9, 84.3] 68.6[41.3, 99.8] 0.086

TRACP.5b (mU/dl, IQR) 454.0 [350.5, 621.5] 545.0 [353.0, 690.0] 0.296

Serum Albumin (g/dL) 4.12 ± 0.29 4.17 ± 0.34 0.104

Serum-corrected Ca (mg/dL) 9.35 ± 0.47 9.34 ± 0.37 0.761

eGFR (mL/min/1.73 m2) 70.36 ± 21.43 68.78 ± 21.9 0.472

25OHD (ng/mL) 15.00 ± 6.32 16.35 ± 6.17 0.241

ucOC (ng/mL) 6.37 ± 5.00 8.27 ± 7.30 0.28

Data are expressed as the mean ± standard deviation (SD) or the number (%) of subjects. P1NP and
TRACP-5b are expressed as median values.

BMI, body mass index;  P1NP, procollagen type 1 N-terminal propeptide; TRACP-5b, tartrate-resistant
acid phosphatase isoform 5b; eGFR, estimated glomerular �ltration rate; 25OHD, 25-hydroxyvitamin D;
ucOC, undercarboxylated osteocalcin. Differences between the groups were determined by ANOVA or
Fisher’s exact test.

Mean ± standard deviation age was 74.2 ± 11.3 years in the denosumab group and 75.8 ± 9.70 years in
the romosozumab group. Respective mean T-scores for the denosumab group and romosozumab group
were − 2.50 ± 1.13 and − 2.62 ± 1.25 for the lumbar spine, -2.55 ± 0.73 and − 2.57 ± 0.84 for the total hip,
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and − 3.12 ± 0.62 and − 3.12 ± 0.82 for the femoral neck. Twenty-six (37.7%) subjects had a prevalent
vertebral fracture in the denosumab group, as compared with 25 (36.2%) subjects in the romosozumab
group. Twelve (17.4%) and 13 (18.8%) subjects had a history of prior non-vertebral fracture in the
denosumab group and romosozumab group, respectively. Twenty-seven (39.1%) denosumab patients
and 20 (29.0%) romosozumab patients had some kind of osteoporosis treatment history and had been
switched to either denosumab or romosozumab without a set washout period. The number of subjects
who were treatment naïve was 42 (60.9%) in the denosumab group and 49 (71.0%) in the romosozumab
group.

Primary outcome
Sixty-nine patients each in the denosumab group and romosozumab group were included in the primary
outcome analysis. The respective percentage changes from baseline (mean ± standard error) in areal
BMD tested by DXA at the lumbar spine at 6 and 12 months were 6.0% ± 2.1 (P < 0.001 versus baseline)
and 7.2% ± 2.2 (P < 0.001 versus baseline) in the denosumab group and 7.4% ± 0.9 (P < 0.001 versus
baseline) and 12.5% ± 1.2 (P < 0.001 versus baseline) in the romosozumab group (Figure. 2a). The
percentage change in lumbar spine BMD was signi�cantly higher in the romosozumab group than in the
denosumab group at 6 and 12 months (both P < 0.001).

Secondary outcomes
The respective percentage changes in total hip BMD from baseline at 6 and 12 months were 2.4% and
3.6% in the denosumab group and 3.4% and 6.0% in the romosozumab group (Figure. 2b). Similar results
of 2.0% and 2.6% in the denosumab group and 3.0% and 5.5% in the romosozumab group were observed
for BMD at the femoral neck (Fig. 2c). All increases were signi�cant (P < 0.001) versus baseline values for
both drugs. There was no remarkable difference in percent increases between the denosumab group and
romosozumab group at 6 months (total hip: P = 0.394, femoral neck: P = 0.331), although signi�cant
differences were noted at 12 months (total hip: P < 0.01, femoral neck: P < 0.05). Those data supported a
possible advantage of romosozumab for elevating bone density over denosumab.

Next, as the other important factors for osteoporosis treatment, the changes in major serum bone
turnover markers, P1NP and TRACP by the action of these treatment drugs were focused. Serum P1NP
level was signi�cantly decreased at 6 months (-63.1%; P < 0.001) and 12 months (-68.2%; P < 0.001)
compared with baseline in the denosumab group. In the romosozumab group, P1NP was signi�cantly
higher at 6 months (5.9%; P < 0.01), and then normalized at 12 months (-5.6%; P = 0.7047) (Figure. 3a).
There were signi�cant differences between the groups at 6 months (P < 0.001) and 12 months (P < 0.001).
Serum TRACP-5b level in the denosumab group was signi�cantly decreased at 6 months (-56.0%; P < 
0.001) and 12 months (-60.5%; P < 0.001) versus baseline values (Figure. 3b). The romosozumab group
displayed a similar trend at 6 months (-32.1%; P < 0.001) and 12 months (-42.9%; P < 0.001). A signi�cant
difference was observed between the groups both time points (both P < 0.001).

Adverse events and new fractures
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The adverse events recorded during the 12 months of treatment are listed in Table 3. Although injection
site reactions occurred more frequently in the romosozumab group, they did not lead to drug
discontinuation. Injection site reactions often occurred at the time of �rst administration. Regarding new
bone fractures during treatment, 10.1% of patients experienced a thoracic or lumbar vertebral fracture in
the denosumab group versus only 2.9% in the romosozumab group.
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Table 3
Adverse events and new bone fractures during treatment.

  Denosumab

(N = 69)

Romosozumab

(N = 69)

All adverse events 11 (15.9) 25 (36.2)

Serious adverse events    

Breast cancer 0 1 (1.4)

Injection site reaction*    

Pain 0 10 (14.5)

Swelling 0 4 (5.8)

Redness 0 1 (1.4)

Itching 0 2 (2.9)

Other events of interest    

Anacatesthesia 0 1 (1.4)

Blindness 1 (1.4) 0

Numbness in limbs 1 (1.4) 0

Diarrhea 1 (1.4) 0

Blood pressure elevation 0 1 (1.4)

Facial �are 0 0

Fatigue 0 1 (1.4)

New fractures during the therapy    

Thoracic or lumbar spine 7 (10.1) 2 (2.9)

Proximal tibial fracture 0 1 (1.4)

Rib fracture 1 (1.4) 0

Distal �bular fracture 0 1 (1.4)

Data are expressed as the number of subjects (%).

*Injection site reactions included adverse events on the skin at the injection site lasting 2 days or
longer.

Discussion
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Using a propensity score-matching cohort design, the present study found that the increasing rates of
lumbar spine, total hip, and femoral neck BMD were signi�cantly higher with romosozumab than with
denosumab after a treatment period of 12 months, with few serious adverse effects for either drug.

Denosumab is a fully human monoclonal antibody to the receptor activator of nuclear factor-kappa B
ligand (RANKL) that blocks its binding to RANK, thus inhibiting the development and activity of
osteoclasts, decreasing bone resorption, and increasing bone density15. On the other hand, romosozumab
is a bone-forming agent that inhibits sclerostin to promote bone formation and suppress bone resorption
through a so-called “dual-effect”16,17. These molecular-targeted drugs are prominent in the �eld of
osteoporosis treatment.

Three factors are involved in the increase of BMD: 1) initial closure of the bone remodeling space, 2) a
subsequent increase in mineralization, and 3) the steady contribution of modeling-based bone
formation18,19. Especially in bone remodeling, the transition of bone metabolism markers affects the size
of the anabolic window due to the difference between the levels of bone formation markers and bone
resorption markers20. Denosumab strongly suppresses bone resorption, which in turn inhibits bone
formation as well. B one remodeling is considered to proceed under these conditions. In contrast,
romosozumab promotes bone formation and suppresses bone resorption, resulting in a larger anabolic
window and presumably a greater effect on increasing bone density. In this study, denosumab decreased
both the bone formation marker and the bone resorption marker, while the bone formation marker did not
decrease throughout 12 months and only the bone resorption marker was decreased for romosozumab.
Accordingly, we considered that a larger anabolic window was created. Romosozumab also had a greater
effect on bone modeling than on bone remodeling in a recent report21. Taken together, the considerable
effects of romosozumab on bone remodeling and modeling appear more effective to increase bone
density levels. Both our primary and secondary clinical results support this theory.

As limitations of this study, the following factors require further consideration: 1) the number of subjects
was limited, 2) there were no combination regimens with natural vitamin D or calcium preparations, 3) for
patients with a history of previous osteoporosis medication, no washout period of the previous drug was
set, thus creating a possibility of previous drug interference, and 4) as the observation period of this study
was short at 1 year, longer follow-up for adverse events and new fractures is needed.

In conclusion, this investigation used propensity score matching to directly compare the clinical effects of
denosumab and romosozumab in patients with postmenopausal osteoporosis. In terms of BMD of the
lumbar spine, total hip, and femoral neck, the 12-month gains in the romosozumab group were all
signi�cantly higher than those in the denosumab group, indicating a potential therapeutic advantage that
warrants further validation.

Declarations
Contributors



Page 11/16

YN directed this study. TK, AM, TS, JT, and YN were involved in data acquisition. MS performed the
statistical analysis. TK and all other authors participated in data interpretation and critical revision of the
manuscript. All authors have read and approved the manuscript for publication.

Declaration of Interests

All authors declare no competing interests.

Funding

This research did not receive any speci�c grants from funding agencies in the public, commercial, or not-
for-pro�t sectors.

Acknowledgements

We would like to thank Dr. Masataka Shiraki for engaging in discussions and Mr. Trevor Ralph for English
language editing.

References
1. Chang, C. Y., Tang, C. H., Chen, K. C., Huang, K. C. & Huang, K. C. The mortality and direct medical

costs of osteoporotic fractures among postmenopausal women in Taiwan. Osteoporosis
international: a journal established as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA. 27, 665–676
https://doi.org/10.1007/s00198-015-3238-3 (2016).

2. Ettinger, B. et al. Contribution of vertebral deformities to chronic back pain and disability. The Study
of Osteoporotic Fractures Research Group. Journal of bone and mineral research: the o�cial journal
of the American Society for Bone and Mineral Research. 7, 449–456
https://doi.org/10.1002/jbmr.5650070413 (1992).

3. Ross, P. D., Ettinger, B., Davis, J. W., Melton, L. J. & Wasnich, R. D. Evaluation of adverse health
outcomes associated with vertebral fractures. Osteoporosis international: a journal established as
result of cooperation between the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA. 1, 134–140 https://doi.org/10.1007/BF01625442 (1991).

4. Cummings, S. R. et al. Goal-Directed Treatment for Osteoporosis: A Progress Report From the
ASBMR-NOF Working Group on Goal-Directed Treatment for Osteoporosis. Journal of bone and
mineral research: the o�cial journal of the American Society for Bone and Mineral Research. 32, 3–
10 https://doi.org/10.1002/jbmr.3039 (2017).

5. Brown, J. P. et al. Comparison of the effect of denosumab and alendronate on BMD and biochemical
markers of bone turnover in postmenopausal women with low bone mass: a randomized, blinded,
phase 3 trial. Journal of bone and mineral research: the o�cial journal of the American Society for
Bone and Mineral Research. 24, 153–161 (2009). 10.1359/jbmr.080901 10.1359/jbmr.0809010



Page 12/16

�. Leder, B. Z. et al. Denosumab and teriparatide transitions in postmenopausal osteoporosis (the
DATA-Switch study): extension of a randomised controlled trial. Lancet. 386, 1147–1155
https://doi.org/10.1016/S0140-6736(15)61120-5 (2015).

7. Nakamura, T. et al. Clinical Trials Express: fracture risk reduction with denosumab in Japanese
postmenopausal women and men with osteoporosis: denosumab fracture intervention randomized
placebo controlled trial (DIRECT). The Journal of clinical endocrinology and metabolism. 99, 2599–
2607 https://doi.org/10.1210/jc.2013-4175 (2014).

�. Ebina, K. et al. Effects of prior osteoporosis treatment on early treatment response of romosozumab
in patients with postmenopausal osteoporosis. Bone. 140, 115574
https://doi.org/10.1016/j.bone.2020.115574 (2020).

9. Miyauchi, A. et al. Increased bone mineral density for 1 year of romosozumab, vs placebo, followed
by 2 years of denosumab in the Japanese subgroup of the pivotal FRAME trial and extension.
Archives of osteoporosis. 14, 59 https://doi.org/10.1007/s11657-019-0608-z (2019).

10. Cosman, F. et al. Romosozumab Treatment in Postmenopausal Women with Osteoporosis. The New
England journal of medicine. 375, 1532–1543 https://doi.org/10.1056/NEJMoa1607948 (2016).

11. Luellen, J. K., Shadish, W. R. & Clark, M. H. Propensity scores: an introduction and experimental test.
Evaluation review. 29, 530–558 https://doi.org/10.1177/0193841X05275596 (2005).

12. Soen, S. et al. Diagnostic criteria for primary osteoporosis: year 2012 revision. Journal of bone and
mineral metabolism. 31, 247–257 https://doi.org/10.1007/s00774-013-0447-8 (2013).

13. Shepherd, J. A. et al. Comparison of BMD precision for Prodigy and Delphi spine and femur scans.
Osteoporosis international: a journal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA 17, 1303–1308,
doi:10.1007/s00198-006-0127-9 (2006).

14. Nenonen, A. et al. Serum TRACP 5b is a useful marker for monitoring alendronate treatment:
comparison with other markers of bone turnover. Journal of bone and mineral research: the o�cial
journal of the American Society for Bone and Mineral Research. 20, 1804–1812
https://doi.org/10.1359/JBMR.050403 (2005).

15. Kostenuik, P. J. et al. Denosumab, a fully human monoclonal antibody to RANKL, inhibits bone
resorption and increases BMD in knock-in mice that express chimeric (murine/human) RANKL.
Journal of bone and mineral research: the o�cial journal of the American Society for Bone and
Mineral Research. 24, 182–195 https://doi.org/10.1359/jbmr.081112 (2009).

1�. Ominsky, M. S. et al. Differential temporal effects of sclerostin antibody and parathyroid hormone on
cancellous and cortical bone and quantitative differences in effects on the osteoblast lineage in
young intact rats. Bone. 81, 380–391 https://doi.org/10.1016/j.bone.2015.08.007 (2015).

17. Taylor, S. et al. Time-dependent cellular and transcriptional changes in the osteoblast lineage
associated with sclerostin antibody treatment in ovariectomized rats. Bone. 84, 148–159
https://doi.org/10.1016/j.bone.2015.12.013 (2016).



Page 13/16

1�. Ominsky, M. S. et al. Sustained Modeling-Based Bone Formation During Adulthood in Cynomolgus
Monkeys May Contribute to Continuous BMD Gains With Denosumab. Journal of bone and mineral
research: the o�cial journal of the American Society for Bone and Mineral Research. 30, 1280–1289
https://doi.org/10.1002/jbmr.2480 (2015).

19. Dempster, D. W. et al. Longitudinal Effects of Teriparatide or Zoledronic Acid on Bone Modeling- and
Remodeling-Based Formation in the SHOTZ Study. Journal of bone and mineral research: the o�cial
journal of the American Society for Bone and Mineral Research. 33, 627–633
https://doi.org/10.1002/jbmr.3350 (2018).

20. Gennari, L., Rotatori, S., Bianciardi, S., Nuti, R. & Merlotti, D. Treatment needs and current options for
postmenopausal osteoporosis. Expert opinion on pharmacotherapy. 17, 1141–1152
https://doi.org/10.1080/14656566.2016.1176147 (2016).

21. Langdahl, B., Ferrari, S. & Dempster, D. W. Bone modeling and remodeling: potential as therapeutic
targets for the treatment of osteoporosis. Therapeutic advances in musculoskeletal disease. 8, 225–
235 https://doi.org/10.1177/1759720X16670154 (2016).

Figures



Page 14/16

Figure 1

Subject �ow diagram throughout the 12-month denosumab and romosozumab treatment period.
Propensity score matching was employed to extract subjects.
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Figure 2

Mean percentage changes from baseline to 6 and 12 months (M) in bone mineral density (BMD) at the
(a) lumbar spine, (b) total hip, and (c) femoral neck. Bars indicate the mean ± 95% con�dence interval.
***P < 0.001 versus baseline (Wilcoxon's signed-rank test). †P < 0.05, ††P < 0.01, and †††P < 0.001 versus
denosumab (Wilcoxon's rank-sum test).
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Figure 3

Median percentage changes from baseline to 6 and 12 months in (a) serum procollagen type 1 N-terminal
propeptide (P1NP) level and (b) serum tartrate-resistant acid phosphatase isoform 5b (TRACP-5b). Bars
indicate the median ± �rst or third quartile. **P < 0.01 and ***P < 0.001 versus baseline (Wilcoxon's
signed-rank test). †††P < 0.001 versus denosumab (Wilcoxon's rank-sum test).


