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INTRODUCTION

According to the 2019 data published by Statistics 
Korea [1], the mean life expectancy in South Korea 
was 83.3 years (80.3 years in males and 86.3 years in 
females), which has increased by approximately 8 years 
compared to that reported 20 years ago. The average 
menopausal age in women is approximately 51 years, 
which implies that women should live approximately 
30 years or more, i.e., one-third of their entire life or 
more, in postmenopause. The lack of estrogen observed 
in menopausal women results in various physical and 
psychological changes, such as osteoporosis, a problem 
of bone metabolism. According to a survey conducted 
by the Korea Disease Control and Prevention Agency 
between 2008 and 2011, the prevalence of osteoporosis 
in South Korea was as high as one in five adults (22.4%) 
while approximately one in two adults (47.9%) had 

osteopenia, a step preceding osteoporosis [2]. In addi-
tion, data from the Korea National Health and Nutri-
tion Examination Survey [3] showed a steady increase 
in the annual number of patients with osteoporosis in 
South Korea, exceeding 821,754 cases in 2015 and one 
million cases in 2020. Notably, the prevalence of osteo-
porosis in men and women aged 50 years or above was 
2.8% and 29.2%, respectively, and a steep increase with 
age was observed in women with a prevalence of 68.5% 
among those in their 70s. Interest in healthy life ex-
pectancy and emphasis on osteoporosis treatment and 
management has continuously increased with increas-
ing lifespan, especially considering the life expectancy 
and prevalence of osteoporosis in women.
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The concept of a super-aged society has led to a steady increase in the average lifespan and hence, interest in a healthy life has 
increased. Aging is a major risk factor for many diseases, including osteoporosis. Osteoporotic fractures have a significant impact on 
the quality of life of the elderly and hence, it is pivotal to provide effective treatment of osteoporosis after menopause. Osteoporosis 
requires proper management and the treatment must be centered on long-term goals. New drugs with diverse mechanisms have been 
developed for treating osteoporosis. Current management of osteoporosis generally focuses on the importance of risk-based strategies 
to maximize the effectiveness of existing treatments and mitigate potential negative side-effects. Additionally, there is a need for 
sequential treatment of osteoporosis in the future. This review discusses the dynamic strategies for osteoporosis treatment and the 
importance of long-term management in postmenopausal women.
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THE RATIONALE FOR THE SEQUENTIAL 
TREATMENT APPROACH IN 
OSTEOPOROSIS THERAPY

The increase in life expectancy has changed the 
awareness of osteoporosis from a disease that can be 
treated within a short period with single therapy to a 
chronic illness that necessitates long-term management 
throughout the middle-aged and elderly life.

Therapeutic agents currently used for osteoporosis 
can be broadly divided into antiresorptive and ana-
bolic agents. Antiresorptive agents include menopausal 
hormone therapy, selective estrogen receptor modula-
tors (SERMs), bisphosphonates (BPs), and denosumab 
(DMAb), while anabolic agents include teriparatide 
and romosozumab.

Most of these drugs have been reported to be effective in 
reducing the risk of fracture in placebo-controlled studies 
despite slight differences. The use of anti-osteoporotic 
drugs has been reported to reduce the relative fracture 
risk of osteoporosis to 40%–73% in vertebral fractures 
and 40%–53% in hip fractures [4,5]. The mechanisms 
and characteristics of each drug vary; hence, the se-
quential application of osteoporosis drugs may lead to 
varying effects. The side effects and additional positive 
effects of each drug should be considered in addition to 
the health insurance criteria in South Korea.

The Endocrine Society Clinical Practice Guideline 
of 2020 [6] recommends that treatment choice should 
vary according to the risk of fracture based on the treat-
ment algorithm for women with osteoporosis. Figure 1 
shows the algorithm of the Endocrine Society Clinical 
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Fig. 1. Updated algorithm for management of postmenopausal osteoporosis. SERM: selective estrogen receptor modulator, IV: intravenous, VTE: 
venous thromboembolism, HT: hormone therapy. Adapted from the article of Shoback et al. (J Clin Endocrinol Metab 2020;105:dgaa048) [6] with 
original copyright holder’s permission. 
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Practice Guideline of 2020 [6].

Osteoporosis treatment in the low to moderate 
fracture risk group

The low-risk group is defined as menopausal women 
with a bone mass density (BMD) T-score exceeding 
–1.0 without hip joint or vertebral fracture, < 3% 10-
year risk of hip joint fracture, and < 20% risk of major 
osteoporotic fractures. Non-drug treatment was recom-
mended for this group [6].

Non-drug treatment such as lifestyle modification, 
nutrition and exercise, or the use of BPs is recommend-
ed for menopausal women with BMD T-score ranging 
from –1.0 to –2.5 i.e., those diagnosed with osteopenia 
but with no hip joint or vertebral fracture, those with 
< 3% 10-year risk of hip joint fracture, and those with 
less than 20% risk of major osteoporotic fractures, as 
the moderate-risk group. In the moderate-risk group, it 
is generally recommended to re-evaluated within 2–4 
years of non-drug treatment. However, it is also recom-
mended that reassessment of fracture risk after using 
bisphosphonates for 3–5 years, or calcium or vitamin D 
is recommended as adjunct therapy [6].

Osteoporosis treatment for high to very-high 
fracture risk groups

The use of BPs and DMAb is primarily recommended 
for osteoporosis treatment in menopausal women de-
fined as a high fracture risk group with a history of hip 

joint or vertebral fracture and who show ≥ 3% 10-year 
risk of hip joint fracture or ≥ 20% risk of major osteo-
porotic fractures.

Women with osteoporosis and multiple spine frac-
tures are defined as the very-high fracture risk group. 
Parathyroid hormones, including teriparatide and ro-
mosozumab, could be the primary choice in osteoporo-
sis treatment in this group [7].

The treatment of the high and very-high fracture risk 
groups should always include adequate calcium and vi-
tamin D supplementation.

OSTEOPOROSIS AND THE CLINICAL 
EFFICACY OF HORMONAL TREATMENTS

One of the first treatment methods to consider in 
postmenopausal women with osteoporosis is meno-
pausal hormone therapy [8,9]. For osteoporotic post-
menopausal women in high or very-high fracture risk 
groups showing incompatibility or poor drug tolerance 
to the primarily recommended treatment, a different 
method could be applied depending on the presence of 
vasomotor symptoms (VMS) in menopausal women 
aged below 60 years or less than 10 years postmeno-
pause. The menopausal hormone therapy including 
tibolone treatment may be considered in the presence 
of VMS while the SERMs, such as raloxifene and ba-
zedoxifene, may be considered in the absence of VMS 
and patients with a high risk of breast cancer. The ral-
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oxifene evaluation (MORE; Multiple outcomes of ral-
oxifene evaluation) trial that compared the raloxifene-
treatment group and a placebo group showed that the 
daily dose of 60 mg raloxifene led to decreased 4-year 
cumulative relative risks (RR) one or more new verte-
bral fracture by 36% [RR, 0.64; 95% confidence interval 
(CI) 0.53, 0.76] and reduced the new vertebral fracture 
risk by 39% [RR, 0.61; 95% CI 0.43, 0.88] significantly, 
compared to that of the placebo group [10]. Similarly, 
in a study comparing a bazedoxifene 3-year treatment 
group and a placebo group, the risk of vertebral fracture 
in the treatment group compared to that in the placebo 
group was hazard ratio (HR) 0.58 with 42% relative 
risk reduction [11]. In menopausal hormone therapy, 
women without uterus may receive the estrogen-only 
treatment while women with uterus may receive the 
estrogen-progesterone combined treatment.

The effects of menopausal hormone therapy in post-
menopausal women with osteoporosis are as follows:

1) Fracture prevention with BMD elevation equivalent 
to levels seen in the BP-treated group [12].

2) Applicable to osteopenia to prevent its progression 
to osteoporosis.

3) Additional benefits related to the VMS, such as hot 
flush.

Thus, menopausal hormone therapy is the recom-
mended treatment choice for menopausal women aged 
below 60 years or less than 10 years post menopause, 
showing menopausal symptoms, including VMS ac-
companying osteoporosis.

THE SEQUENTIAL TREATMENT 
OUTCOMES IN OSTEOPOROSIS 

TREATMENT

Except for BPs, the effects of anti-osteoporotic drugs 
disappear on discontinuation; hence, maintenance 
medication is required (Fig. 2).

Switching from bisphosphonate to denosumab

For the high fracture risk group, the recommended 
duration of BPs is 5 years for oral administration and 3 
years for intravenous injection while the risk of fracture 
should be reassessed within three to five years of treat-
ment [5]. If the reassessment indicates a high fracture 
risk, the BP treatment may be continued or substituted 
with another treatment option. However, if the reas-
sessment indicates a low to moderate risk of fracture, 
discontinuation is considered with reassessment re-

peated every 2–4 years to decide treatment resumption 
in cases of bone mass reduction or high fracture risk.

The transition to DMAb in patients with BP treat-
ment failure increases the BMD. In a study conducted 
by Kamimura et al. [13] on 90 patients undergoing BP 
treatment for 2 or more years, the use of DMAb result-
ed in a more significant increase in BMD for patients 
with higher levels of bone density reduction. The mean 
age of the patients was 71.2 ± 6.9 years, and the mean 
treatment duration was 59.9 ± 34.3 months. In a recent 
study [14], the increase in BMD was more significant 
in the group that transitioned to DMAb with less than 
3 years of BP treatment compared to that in the group 
with 3 or more years of BP treatment before transition-
ing. Both groups showed a more significant increase in 
BMD than the group with continued BP treatment. The 
results of these studies suggest that for patients showing 
little or no therapeutic effect with BP, a rapid transition 
to DMAb could be advantageous.

Switching from denosumab to bisphosphonate

For the administration of DMAb in patients with a 
high risk of fracture, fracture risk reassessment within 
5 to 10 years is recommended to decide whether the 
treatment should be continued or substituted with 
another therapy [5]. If the reassessment after DMAb 
treatment indicates a low to moderate fracture risk, 
maintenance medication with BP is initiated before dis-
continuation is considered. It is recommended that the 
fracture risk be reassessed every 1 to 3 years to decide 
on retreatment in cases of bone mass reduction, the 
incidence of fracture, or when the patient shows a high 
fracture risk.

On DMAb discontinuation, the resulting increase in 
bone remodeling may reduce bone density and rapidly 
increase the risk of vertebral fracture. Such a “rebound 
effect” is known to arise from the sudden increase in 
osteoclast formation after DMAb discontinuation [15].

In the Denosumab Adherence Preference Satisfaction 
(DAPS) study [16], an increase in BMD and a decrease 
in bone turnover markers were maintained with the 
administration of alendronate after DMAb discontinu-
ation. In a study of 250 postmenopausal women with 
osteoporosis in the U.S. and Canada, 124 women were 
injected with alendronate for 12 months before DMAb 
treatment, and 126 women were injected with DMAb 
before alendronate, and the results were compared. In 
the group administered with DMAb for 12 months be-
fore alendronate, the BMD during the first 12 months 
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increased by 5.6% in the lumbar, 3.2% in the hip joint, 
and 3.1% in the hip joint femoral neck while the in-
creased level was maintained at 2.9% in the lumbar, 
1.5% in the hip joint, and 1.7% in the hip joint femoral 
neck after 24 months. The Type I Collagen Crosslinked 
C-Telopeptide also indicated that the effect of bone 
turnover marker reduction was maintained in the 
group administered DMAb before alendronate, 0.465 
ng/mL (n = 75) before treatment, 0.139 ng/mL (n = 
108) after 12 months, and 0.223 ng/mL (n = 92) after 24 
months. In a study by Kendler et al. [17], the patients 
were treated with DMAb for 12 months, the mean per-
centage change in BMD was 5.4% in the lumbar spine, 
3.1% in the hip joint, and 2.7% in the hip joint femoral 
neck. The subsequent transition to alendronate after 
2 years showed that the mean percent change in BMD 
after 12–24 months was 0.5% in the lumbar spine, 0.5% 
in the hip joint, and –0.2% in the hip joint femoral 
neck. Throughout the study period, the mean percent 
change in BMD was 5.9% in the lumbar spine, 3.6% in 
the hip joint, and 2.5% in the hip joint femoral neck.

In a study by Everts-Graber et al. [18], treatment of 
219 postmenopausal women with DMAb for 2 to 5 
years (average 3 years) followed by zoledronate admin-
istration after 6 months of DMAb discontinuation led 
to the maintenance of more than half the bone density 
increase resulting from DMAb administration while 
the risk of vertebral fracture was significantly reduced 
to HR 0.16 (95% CI, 0.03, 0.94; P = 0.042).

Thus, treatment with DMAb should be followed by 
administration of BP (alendronate or zoledronate) for 
1–2 years before considering DMAb discontinuation. 
However, as the effects of BP administration might 
not be significant in patients who received long-term 
DMAb treatment, close follow-up monitoring should 
be performed to ensure thorough monitoring of bone 
density and bone markers.

Switching from anabolic agent to denosumab or 
bisphosphonate 

Representative drugs of anabolic agents include terip-
aratide and romosozumab. Teriparatide is a recombi-
nant human parathyroid hormone (PTH) analogue 
and stimulates bone formation via the PTH receptor 
[5]. Romosozumab is stimulating bone formation and 
inhibition of bone resorption at the same time [5]. The 
current health insurance in South Korea restricts the 
use of parathyroid hormones and romosozumab for up 
to 24 months and 12 months, respectively.

In a study comparing patients who transitioned from 
teriparatide to BP or DMAb [19], the group treated 
with BP showed that the increase in BMD from the 
baseline after 12 months was 2.6% (P < 0.01) in the 
lumbar and 1.1% (P < 0.01) in the hip joint, whereas no 
increase was observed for the hip joint femoral neck. In 
comparison, the DMAb group showed that the increase 
in BMD after 6 and 12 months was 4.6% (P < 0.001) 
and 6.2% (P < 0.001), respectively, in the lumbar; 2.6% 
(P < 0.01) and 4.2% (P < 0.001) in the hip joint; and 
2.2% (P < 0.01) and 3.5% (P < 0.01) in the hip joint 
femoral neck. The increase in BMD was significantly 
higher in the DMAb group than in the BP group. Thus, 
DMAb is likely a better choice of antiresorptive agents 
after the administration of teriparatide.

Several studies have demonstrated that romoso-
zumab is effective in the treatment of osteoporosis in 
postmenopausal women [20-22]. In particular, it was 
reported that when romosozumab was used for 12 
months and then replaced with BP or DMAb, a higher 
increase in BMD was observed than in the reverse case 
[21].

In the ARCH study [22], the transition to alendro-
nate after the administration of romosozumab for 12 
months was shown to lead to a relative risk of vertebral 
fracture of 0.52 (P < 0.001) with significant fracture risk 
reduction compared to that in the group that received 
alendronate continuously for 24 months. For the first 
incidence of non-vertebral fracture, the transition to 
alendronate after the administration of romosozumab 
compared to that after the administration of alendro-
nate alone also led to a lower cumulative prevalence of 
fracture (P = 0.04) in the 48-month follow-up.

In the FRAME study [23], menopausal women with 
osteoporosis were administered 210 mg of romoso-
zumab or a placebo once a month for 12 months, fol-
lowed by a switch to 60 mg DMAb every 6 months for 
12 months, and the bone density continued to increase. 
The administration of romosozumab for 1 year led to 
a 13% and 7% increase in the spine and hip joint bone 
density, respectively. The transition to DMAb over 
24 months, compared to the transition from placebo, 
showed that the use of DMAb after romosozumab had 
a greater effect on the risk of fracture reduction as the 
vertebral and clinical fractures decreased by 76% (P < 
0.001) and 33% (P = 0.096), respectively.

Thus, the administration of DMAb or BP is necessary 
to maintain the treatment effects of an anabolic agent.

https://doi.org/10.6118/jmm.22007
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Switching from denosumab to anabolic agent 

In the DATA-SWITCH study [24], the use of teripara-
tide after DMAb discontinuation was shown to reduce 
the bone density in the lumbar spine, total hip, and 
femoral neck, and it is recommended that the teripa-
ratide after DMAb should be avoided if possible. The 
subjects were randomized between placebo and various 
romosozumab dosages from the baseline up to month 
24. From months 24–36, the subjects were administered 
DMAb or placebo, and from month 36 to month 48, 
all subjects were administered romosozumab. The sub-
jects in the placebo group were randomized once more 
after the 12-month administration of DMAb (n = 16) 
or placebo (n = 12) so that they could receive romoso-
zumab for 12 months. The female subjects randomized 
into the DMAb group after the placebo administration 
maintained an increase in the hip joint BMD (the mean 
change after DMAb discontinuation was 0.9%) and an 
additional increase in BMD in the lumbar region (the 
mean change after DMAb discontinuation was 5.3%) 
after 12 months of romosozumab administration [25].

In recent studies analyzing the treatment effects of 
drugs used before romosozumab therapy, the increase 
in BMD was relatively lower for the group treated with 
romosozumab after DMAb administration than for the 
placebo group or for those treated with romosozumab 
after the administration of BP or teriparatide [26,27].

Thus, for patients receiving DMAb before treatment 
with an anabolic agent, close follow-up monitoring of 
bone density and markers should be performed.

The importance of early treatment for reducing the 
risk of imminent fractures

The frequency of imminent fracture within 1 year of 
the first fracture was 7.1%, and patients with at least 
one fracture incidence were defined as the high-risk 
group. The imminent fracture risk is the highest within 
6 months of the first fracture [6]. Thus, for patients 
with at least one fracture incident, treatment should 
focus on the rapid reduction of fracture risk. The drugs 
with excellent imminent fracture risk-reducing effects 
were shown to be romosozumab, teriparatide, DMAb, 
and alendronate, in the order [28]. And for very-high–
risk patients, the use of an anabolic agent could ensure 
a reliable initial treatment.

CONCLUSION

Similar to other chronic diseases, osteoporosis re-

quires management and treatment with long-term 
goals. With the development of new classes of drugs, 
new clinical data and research outcomes are continu-
ously being reported, requiring an approach of consis-
tent interest and studies. Due to the interest in long-
term treatment effects, management focused on the 
importance of risk-based strategies and sequential 
treatment is likely to increase further.
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