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Osteoporosis is an incurable chronic condition, like heart disease, diabetes, or hypertension. A large gap currently exists in the pri-
mary prevention of fractures, and studies show that an estimated 80% to 90% of adults do not receive appropriate osteoporosis man-
agement even in the secondary prevention setting. Case finding strategies have been developed and effective pharmacological inter-
ventions are available. This publication addresses how best to use the pharmacological options available for postmenopausal osteo-
porosis to provide lifelong fracture protection in patients at high and very high risk of fracture. The benefit of osteoporosis therapies 
far outweighs the rare risks.
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INTRODUCTION

Osteoporosis is a systemic skeletal disease characterized by low 
bone mineral density (BMD) and deterioration of bone architec-
ture, resulting in reduced bone strength and, consequently, in-
creased susceptibility to fractures [1]. The clinical manifestation 
of osteoporosis is a fragility fracture, and about 80% of all frac-
tures are osteoporosis-related [2]. As fractures are associated 
with a decrease in quality of life and an increase in premature 
mortality, disability, and financial burden [3-6], it is important 
to identify individuals at high and very high risk of fracture and 
to provide them with adequate therapeutic options.

A large gap currently exists in the primary prevention of frac-
ture, and studies show that an estimated 80% to 90% of adults 
do not receive appropriate osteoporosis management even in the 

secondary prevention setting [2,7]. In contrast, approximately 
90% of patients with cardiovascular disease are provided appro-
priate secondary preventive care [8]. System-level and country-
level healthcare initiatives have been implemented worldwide 
to focus on addressing the secondary fracture prevention gap 
[9,10], with several reports showing these initiatives being ef-
fective in reducing not only subsequent fragility fracture rates, 
but also associated mortality [11-13]. Considering these data 
and the current fracture prevention gap, it is important to further 
improve knowledge on the optimal osteoporosis treatment regi-
men in the secondary prevention setting [14].

This publication addresses how best to use the pharmacologi-
cal options available for postmenopausal osteoporosis to pro-
vide lifelong fracture protection in patients at high and very 
high risk of fracture. Managing patients with moderate fracture 
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risk and drug holidays will not be addressed.

FRACTURE RISK ASSESSMENT

Patients at high risk of fracture
The first step is to identify which patients are at high or very 
high risk of fracture. Prognostic tools, among which the Fracture 
Risk Assessment Tool (FRAX) is the most widely used, are 
available to identify individuals at high risk of osteoporotic frac-
ture and to assist physicians in management decisions [15,16]. 

Most osteoporosis guidelines, including the Korean Society 
for Bone and Mineral Research (KSBMR) recommend treat-
ment for women at high risk of fracture, using fixed interven-
tion thresholds, defined as: (1) postmenopausal women (age 50 
and older) with a prior major osteoporotic fracture (MOF; hip, 
clinical vertebral, humerus, forearm) without the requirement of 
an osteoporotic BMD (lumbar spine or hip T-score ≤–2.5); (2) 
women ≥65 years or younger with risk factors and an osteopo-
rotic BMD [17]. Under this guideline, patients receive coverage 
for medical treatment costs over a period of 3 years [17]. 

In the UK, the National Osteoporosis Guideline Group 
(NOGG) adopted an age-dependent threshold up to the age of 
70 years with a fixed threshold thereafter. These lower interven-
tion thresholds (LIT) were set at a risk (FRAX 10-year proba-
bility of MOF) equivalent to that of a postmenopausal woman 
of average body mass index with a prior fragility fracture, no 
additional risk factors, and without knowledge of BMD [18,19]. 

Patients at very high risk of fracture
Some authors [20-22] have suggested improving the predictive 
ability of FRAX for patients at very high risk of fracture by in-
tegrating characteristics of prior fractures (number, location, and 
time since prior fracture). Because the number, location, and 
time since prior fracture are associated with an increased risk of 
future fracture [23], upward adjustments of fracture risk in indi-
viduals with multiple fractures, MOF, or recent prior fractures 
(within 2 years) improve FRAX calibration in the small sub-
group (approximately 10%) of individuals at very high risk 
while maintaining the 10-year probability as the best model 
[24,25]. NOGG has recently proposed an upper intervention 
threshold of 1.6 times the pre-existing intervention threshold 
(LIT), characterizing 10% of women aged 50 years or more at 
very high risk of fracture [26].

In Korea, the Korean fracture risk score is a valid alternative 
to identify women at very high risk of fracture [27]. In a nation-
wide cohort design with a large representative population from 

a validated database, the three most important risk factors for 
osteoporotic fracture were advanced age, history of recent fra-
gility fracture (within 2 years), and recent use of oral glucocorti-
coids (>30 days in the last year). The algorithm is available for 
self-assessment at a web-based calculator (http://www.nhis.
or.kr) without BMD measurements.

RECENT TREATMENT 
RECOMMENDATIONS

The Endocrine Society has recently published a clinical practice 
guideline update on Pharmacological Management of Osteopo-
rosis in Postmenopausal Women [28], in which they proposed 
the following recommendations:
•  In postmenopausal women at high risk of fractures, we recom-

mend initial treatment with bisphosphonates (alendronate, 
risedronate, zoledronic acid, and ibandronate) or denosumab 
as an alternative initial treatment, to reduce fracture risk. 

•  In postmenopausal women with osteoporosis at very high risk 
of fracture, such as those with severe or multiple vertebral 
fractures, we recommend teriparatide treatment for up to 2 
years for the reduction of vertebral and nonvertebral fractures.

•  In postmenopausal women with osteoporosis at very high risk 
of fracture, such as those with severe osteoporosis (i.e., low T-
score <−2.5 and fractures) or multiple vertebral fractures, we 
recommend romosozumab treatment for up to 1 year for the 
reduction of vertebral, hip, and nonvertebral fractures.

Head-to-head trials have documented the superiority of bone-
forming agents (teriparatide [TPTD] or romosozumab) over an-
tiresorptives (risedronate or alendronate) for reducing fractures 
in postmenopausal women at very high risk of fracture [29,30]. 
In these patients, the optimal sequence should be to initiate 
treatment with a bone-forming agent first followed by an antire-
sorptive, and not the reverse [31]. TPTD and romosozumab 
treatment should always be followed by an antiresorptive drug 
to prevent the rapid loss of BMD that occurs when treatment is 
stopped [32]. 

MECHANISM OF ACTION OF 
OSTEOPOROSIS THERAPIES

The mechanism of action of osteoporosis therapies is summa-
rized in Fig. 1. Nitrogen-containing (amino-) bisphosphonates 
(BPs) impair osteoclast function by inhibiting farnesyl pyro-
phosphate synthase (FPPS), thereby preventing the prenylation 
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of small GTPase proteins [32,33]. This results in disruption of 
cytoskeletal organization [34], loss of the ruffled membrane 
border [34], and altered vesicular trafficking [35]. In addition, 
while osteoclasts naturally undergo apoptosis, this process is ac-
celerated in osteoclasts exposed to BPs [36]. BPs bind to bone 
mineral and are taken up by mature osteoclasts at sites of bone 
resorption [37]. BPs can remain bound to bone mineral for 
many years; those with greater binding affinities (zoledronic 
acid > alendronate > ibandronate > risedronate) possess longer 
skeletal residency [38]. Consequently, after BP discontinuation, 
bound BP provides residual pharmacological action for many 
years [38,39], in contrast to other anti-resorptive therapies in 
which activity is quickly lost after discontinuation (e.g., deno-
sumab [DMAb], estrogen, raloxifene, and calcitonin) [40-42]. 

Although osteoblasts are not generally considered to be a tar-
get for BP inhibition, in vitro experiments provided direct evi-
dence that inhibition of FPPS in osteoblasts may explain the 
blunting of the bone anabolic response to parathyroid hormone 
(PTH) observed after chronic exposure to BPs in rats [43]. BPs 
reduce prenylation of Rap1A, a small G protein participating in 
cytoskeletal reorganization in osteoblasts and allowing PTH to 

activate flat bone lining cells into cuboid, collagen-synthesizing 
osteoblasts [43]. Due to the inefficient uptake of BPs into osteo-
blasts by fluid-phase endocytosis [44], this mechanism is only 
observed after chronic treatment in vivo [43].

DMAb is a fully human monoclonal antibody that inhibits 
bone resorption by neutralizing with high affinity and specifici-
ty the receptor activator of nuclear factor-κB ligand (RANKL), 
a key mediator of osteoclast differentiation, function, and sur-
vival [45,46]. Unlike BPs, DMAb inhibits osteoclast activity at 
all developmental stages (prefusion, multinucleated, and resorb-
ing mature osteoclasts) [37], leading to easier access to bone re-
modeling compartments in cortical bone than BPs [47]. DMAb 
is not incorporated into bone; therefore, its effect on bone re-
sorption stops rapidly after treatment discontinuation [40].

TPTD, a recombinant human PTH, given subcutaneously 
once daily produces intermittent pulses of exogenous PTH, 
which stimulates bone remodeling (osteoblastic activity over 
osteoclastic activity). It also regulates reabsorption of calcium 
and phosphate in the kidney, and absorption of calcium in the 
intestine. Romosozumab inhibits sclerostin, a glycoprotein se-
creted by osteocytes. It acts as a modeling-based bone-forming 

1

Fig. 1. Mechanism of action of osteoporosis therapies. BP, bisphosphonate; DMAb, denosumab; OPG, osteoprotegerin; PTH, parathyroid 
hormone; RANK, receptor activator of nuclear factor kappa-B; RANKL, receptor activator of nuclear factor kappa-B ligand; RMAb, romo-
sozumab; TPTD, teriparatide.
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agent with a dual effect on stimulating bone formation and, to a 
lesser extent, inhibiting bone resorption. 

We will focus on long-term antiresorptive therapies because 
bone-forming therapies have a defined treatment duration (1 or 
2 years). Once patients are diagnosed with osteoporosis, they 
will be at an increased risk for fracture for the rest of their lives. 
Even when patients’ BMD improves because of treatment, they 
will still be at increased risk for fracture and their risk for frac-
ture will eventually return to baseline if they stop treatment. 
This is similar to what occurs in patients with controlled diabe-
tes or hypertension.

The appropriate duration of antiresorptive therapy (BPs or 
DMAb) has become a topic of discussion, due to concern about 
the possible treatment interruption risk of osteonecrosis of the 
jaw (ONJ) and atypical femur fracture (AFF), and “drug holi-
days” (treatment interruption), particularly from BPs, have be-
come common practice.

THE BENEFIT OF CONTINUOUS THERAPY 
OUTWEIGHS THE RARE RISKS

The safety concerns of antiresorptives have been recently re-
viewed [33]. Observational register-based studies and post-mar-
keting reports based upon millions of patient-years and long-

term (>5 years) clinical administration, have associated some 
previously-unknown, rare adverse events with antiresorptive 
use, including ONJ and subtrochanteric/diaphyseal AFFs [34-
36]. These rare risks should always be integrated in a global 
perspective taking into account the benefit of long-term pharma-
cological therapy of postmenopausal osteoporosis (Fig. 2) [48].

The International Task Force on Osteonecrosis of the Jaw de-
fined ONJ as: (1) exposed bone in the maxillofacial region that 
does not heal within 8 weeks after identification by a health care 
provider; (2) exposure to an antiresorptive agent; and (3) no his-
tory of radiation therapy to the craniofacial region” [34]. In the 
osteoporosis patient population, who receive much lower doses 
of antiresorptives (BPs or DMAb), the incidence of ONJ is very 
low, ranging from 0.15% (150 in 100,000) to less than 0.001% 
(1 in 100,000 person-years of exposure), which appears to be 
only slightly higher than that seen in the general population 
[34]. In the Fracture REduction Evaluation of Denosumab in 
Osteoporosis Every 6 Months (FREEDOM) extension (DMAb 
60 mg subcutaneously every 6 months for up to 7 or 10 years in 
postmenopausal women with osteoporosis), 13 adjudicated cas-
es of ONJ were reported, leading to an incidence of 0.05% (52 
in 100,000 person-years of exposure) [37]. ONJ was slightly 
more common in women who had invasive oral procedures or 
events (0.68% vs. 0.05%); however, the overall rate remained 

Fig. 2. Putting the risks of osteoporotic fracture vs. rare adverse events into perspective. Adapted from Brown et al. [48]. DMAb-AFF, deno-
sumab-associated atypical subtrochanteric and diaphyseal femur fracture; Bis-AFF, bisphosphonate-associated atypical subtrochanteric and 
diaphyseal femur fracture; DMAb-ONJ, denosumab-associated osteonecrosis of the jaw; Bis-ONJ, bisphosphonate-associated osteonecrosis 
of the jaw; MVA, motor vehicle accident; MOF, major osteoporotic fracture. a10-Year risk of major osteoporotic fracture by Canadian Frac-
ture Risk Assessment Tool. 
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low [38]. All cases of ONJ with complete follow-up resolved 
with treatment [38].

Factors associated with the development of ONJ include poor 
oral hygiene, glucocorticoid use, and invasive dental procedures 
such as dental extraction [34]. Therefore, it is suggested that pa-
tients should complete any invasive dental procedures before 
initiating an antiresorptive (BP or DMAb) to minimize the al-
ready small risk; however, those on treatment should not delay 
emergency dental procedures nor discount dental implants [34].

AFFs are insufficiency or fissure transverse fractures [39] 
originating on the lateral cortex of the subtrochanteric or diaph-
yseal (shaft) region of the femur and becoming oblique as they 
progress medially (medial spike) when complete [35,36].

Concern has arisen that long-term BP use may increase the 
risk of these fractures through a number of putative mechanisms 
including a prolonged reduction of bone remodeling. Incidence 
rates of AFF range from 1.8 per 100,000 cases per year with a 
2-year BP exposure to 113.1 per 100,000 cases per year with BP 
exposure from 8 to 9.9 years [36]. However, only 2 AFFs (8 per 
100,000 person-years) were reported with the prolonged use of 
DMAb (up to 7 or 10 years), a more potent antiresorptive, in 
treatment-naïve postmenopausal women with osteoporosis: one 
in the long-term group during year 4 of the extension (year 7 of 
DMAb treatment) and one in the crossover group during year 3 
of the extension (year 3 of DMAb treatment) [37]. In postmeno-
pausal women with osteoporosis previously treated with oral 
BPs (alendronate for a mean duration of 6.2 to 6.4 years), AFF 
was adjudicated in one of 321 patients transitioning to zoledron-
ic acid (5 mg, intravenous) and in two of 322 patients transition-
ing to DMAb over 1 year [40]. Transition to a more potent anti-
resorptive in patients previously treated with long-term BPs 
could prevent the clearance of accumulated BPs from the bone 
matrix and increase the risk of AFF. This possibility would have 
to be assessed in a much larger population transitioning from 
oral BPs to intravenous zoledronic acid or DMAb.

INDIVIDUALIZED LONG-TERM 
PHARMACOLOGICAL THERAPIES

Experts have proposed a “treat-to-target” strategy, in which a 
specific goal is set in order to achieve long-term fracture pre-
vention (e.g., a total hip T-score between –2 and –1.5) [41] and 
therapy is individualized and periodically reassessed based on 
this goal [42]. Historically, BPs were the first-line treatment for 
osteoporosis, and physicians would consider another treatment 
after years of use or after a failure to respond. With treat-to-tar-

get, physicians select the drug or sequence of drugs most likely 
to achieve the target over a given period, which could be short 
(1 to 2 years for imminent risk of fracture) or long (10 years for 
high risk of fracture) [43]. It is important to note that achieving 
this goal does not mean patients can stop therapy.

Through a meta-regression analysis of clinical trials of all 
pharmacological therapies commercially available, Bouxsein et 
al. [44] demonstrated that improvements in BMD were strongly 
associated with reductions in hip and vertebral fractures. This 
suggests that BMD can be used as a target and as a surrogate 
endpoint for fracture risk.

The Endocrine Society guidelines recommend postmeno-
pausal women at high risk for fracture continue BP therapy 
without interruption, if they remain at high risk after 3 to 5 years 
of therapy, but also state that there is little evidence to support 
any recommendation regarding duration of therapy [28]. In a 
systematic literature review of patients who discontinued BPs, 
the risk of new clinical fracture was 20% to 40% higher and the 
risk of vertebral fracture was almost double compared to the pe-
riod on BPs [45], indicating that “drug holidays” may not be 
safe in all patients on BPs. Despite a lack of long-term evidence, 
we should approach osteoporosis similarly to chronic conditions 
like hypertension and diabetes, which we are confident in treat-
ing long-term.

Risedronate
In the extension of the Vertebral Efficacy With Risedronate 
Therapy-MultiNational (VERT-MN) study, patients either re-
ceived 7 years of risedronate (n=31) or 5 years of placebo, fol-
lowed by 2 years of risedronate (n=30). Both groups were off 
therapy during year 8. Bone turnover markers (BTMs) increased 
toward baseline, and total hip and femoral trochanter BMD de-
creased in both the 2- and 7-year risedronate groups; however, 
the risk of new vertebral fracture did not increase [46]. Given 
the small number of patients in each group, it is difficult to draw 
any conclusions from these results except that there is no resid-
ual effect on BMD after 1 year off therapy [46].

Alendronate
In Fracture Intervention Trial Long-term EXtension (FLEX; an 
extension of the FIT trial), postmenopausal women who re-
ceived a mean of 5 years of alendronate daily either discontin-
ued therapy (n=428) or continued alendronate for a further 5 
years (n=643). Hip BMD gains plateaued after 3 years of alen-
dronate treatment. Women who discontinued therapy showed a 
gradual decline in BMD and a gradual increase in BTMs, which 
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approached baseline levels for hip BMD 5 years after stopping 
treatment [47]. There was a significantly lower risk of clinically 
recognized vertebral fractures in the group who continued alen-
dronate (5.3% vs. 2.4%; relative risk, 0.45; 95% confidence in-
terval, 0.24 to 0.85). However, continuing alendronate did not 
offer additional protection against nonvertebral fractures [47].

Zoledronic acid
In the 6-year extension of Health Outcomes and Reduced Inci-
dence with Zoledronic acid ONce Yearly-Pivotal Fracture Trial 
(HORIZON-PFT) [49], postmenopausal women were random-
ized after 3 years of zoledronic acid to continue therapy for an-
other 3 years (n=616) or switch to placebo (n=617). In the 
group who continued zoledronic acid, femoral neck and hip 
BMD plateaued after the first 3 years and remained stable for 
the next 3 years. BTMs and BMD remained stable in the zole-
dronic acid group and trended toward pre-treatment levels in the 
placebo group. There was also a significant increase in new 
morphometric vertebral fractures in the placebo group (30 vs. 
14, P=0.035). However, continuing therapy did not offer addi-
tional protection against nonvertebral fractures [49]. This in-
crease in fracture risk was not seen in the 9-year extension, 
where patients who received 6 years of zoledronic acid were 
randomized to continue therapy for 3 years (n=95) or switch to 
placebo (n=95), although the number of patients in the 9-year 
extension was much smaller [50].

In the HORIZON Recurrent Fracture Trial [51], zoledronic 
acid reduced the risk of death from any cause by 28% versus 
placebo (P=0.01) in patients who started therapy within 90 
days of a surgical repair of a hip fracture. This demonstrates a 
mortality benefit of actively treating osteoporosis.

After an initial increase in BMD with BPs, a plateau is 
reached after 2 to 3 years of treatment, particularly for hip and 
femoral neck BMD [47,50]. This may have contributed to the 
practice of BP “drug holidays,” because physicians did not per-
ceive an ongoing benefit. However, an ongoing improvement in 
spine BMD is observed with long-term use of alendronate [47] 
and zoledronic acid [49], which may explain the increase in ver-
tebral fractures seen in patients who discontinued these treat-
ments compared to those who did not. The American Society of 
Bone and Mineral Research Task Force proposed re-evaluating 
10-year fracture risk after 5 years of oral BPs or 3 years of intra-
venous BPs [52]. It should be noted that “re-evaluate” does not 
always mean “discontinue.” High-risk patients require long-
term therapy with either BPs or DMAb and studies have shown 
that women can safely transition from a BP to DMAb [53]. Phy-

sicians can consider treatment interruption in patients who are 
not high-risk. These patients should be assessed every 2 to 4 
years and therapy should be reinitiated if their fracture risk in-
creases or after a maximum of 5 years off treatment, according 
to the Endocrine Society guidelines [54].

Denosumab
The effects of DMAb on bone resorption are rapidly reversible. 
When DMAb is discontinued after a short exposure (2 years), 
BTMs transiently increase from baseline, peaking approximate-
ly 12 months after the last dose (6 months after a planned dose 
is skipped), then decrease toward baseline [55]. BMD immedi-
ately decreases, reaching baseline approximately 18 months af-
ter the last dose [55]. Oral alendronate would preserve BMD 
gains when DMAb is discontinued after a short exposure [56]. 
When DMAb is discontinued after a longer exposure (>4 
years), up-regulation of osteoclastogenesis is stronger, which 
may explain why BPs are not able to fully preserve BMD [57].

The FREEDOM study evaluated DMAb versus placebo for 3 
years, followed by a 7-year extension study [37]. The investiga-
tors saw an increased rate of vertebral fracture after patients dis-
continued DMAb during FREEDOM or its extension, which 
was comparable to the level of vertebral fracture in patients on 
placebo [58]. There was a higher risk of multiple vertebral frac-
tures in patients who discontinued DMAb (3.4%) versus place-
bo (2.2%), with the highest risk in those with a prior vertebral 
fracture before or during treatment [58]. Time off treatment and 
BMD loss off treatment were also weak predictors of multiple 
vertebral fractures [58]. These data underscore the need not to 
stop DMAb without considering alternative treatment at the 
6-month dosing interval, in order to prevent a loss of vertebral 
fracture protection and BMD.

Unlike BPs, there is no plateau in spine, hip, or femoral neck 
BMD, with continual gains observed during up to 10 years of 
treatment [37]. DMAb demonstrated a further reduction in non-
vertebral fracture risk from years 4 to 10, compared with the 
first 3 years [59]. This is the first treatment in osteoporosis to 
demonstrate a continuous increase in effectiveness over the long 
term. The yearly rate of new vertebral fractures (range, 0.90% 
to 1.86%) and nonvertebral fractures (range, 0.84% to 2.55%) 
in patients on DMAb remained low and was stable up to 10 
years [37].

CONCLUSIONS

Antiresorptive drugs, such as amino-BPs and more recently, 
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DMAb, have dominated the landscape of osteoporosis therapies 
for the last three decades. Since osteoporosis is a chronic dis-
ease, anti-fracture therapy could conceivably continue for the 
rest of a patient’s life. We discussed how best to use the pharma-
cological options available for postmenopausal osteoporosis to 
provide lifelong fracture protection in patients at high and very 
high risk of fracture. The benefit of osteoporosis therapies far 
outweighs the rare risks.
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