OSTEOPOROSIS
& REVIEW




Osteoporosis: Definition and Clinical
Perspective

Osteoporosis is a skeletal disease characterized by low bone mass and deterioration

of bone microarchitecture.

These abnormalities increase bone fragility and substantially raise the risk of

fractures.



Global Burden of Osteoporosis

Osteoporotic fractures are a major cause of disability and loss of independence in older adults.
Osteoporosis affects both women and men, although it is more commonly recognized in older women.
Approximately one-third of osteoporotic fractures occur in older men.

The mortality rate during the first year after hip fracture is approximately 24%, with persistent impairment in

mobility and function.



PATHOPHYSIOLOGY



Bone Development and Remodeling

Skeletal development during childhood and adolescence depends primarily on new bone formation and

bone modeling.

After skeletal maturity, bone maintenance depends mainly on continuous bone remodeling.
Remodeling involves removal of older or damaged bone followed by formation of new bone.
Osteoclasts are responsible for bone resorption, whereas osteoblasts produce new bone tissue.

Balanced activity between these cell types is essential for maintaining bone strength and structural

integrity.

Disruption of this balance can result in progressive bone loss and increased fracture susceptibility.



Cellular Regulation of Bone Remodeling

Bone remodeling is regulated by several interconnected cellular

and molecular signaling pathways.

The Wnt-LRP4/5/6—sclerostin pathway plays an important role in

regulating osteoblast activity and bone formation.

The osteoprotegerin-RANK—RANKL system is a major regulator of

osteoclast differentiation and bone resorption.



RISK FACTORS




Determinants of Peak Bone Mass

Osteoporosis may result from failure to achieve optimal peak bone mass, excessive bone loss later in life, or

both.
Peak bone mass is usually reached during early adulthood by the end of the second decade of life.
Genetic factors have a major influence on both peak bone mass and the subsequent rate of bone loss.

Adequate calcium intake and regular physical activity contribute importantly to optimal skeletal

development.

Sex hormones :estrogen,progestron,testosterone, growth hormone, and other endocrine factors also

regulate bone acquisition and maintenance.



Major Risk Factors for Osteoporosis

Premature menopause before the age of 40 years is an important risk factor because of prolonged estrogen

deficiency.

Hypogonadism, low BMI below 20, weight loss, and nutritional deficiencies can adversely affect skeletal
health.

Vitamin D and calcium deficiencies may further compromise bone mineralization and bone strength.

Immobility and chronic diseases such as inflammatory bowel disease, rheumatoid arthritis, and chronic

kidney or liver disease are also associated with bone loss.

Current smoking and high alcohol consumption, particularly approximately three or more drinks per day,

increase the risk of osteoporosis.

Medication:glucocorticoid,aromatase inhibitors: anastrozole and letrozole,androgen deprivation :leuprolide

bicalutamide



Medication-Associated Bone Loss

Several commonly used medications can accelerate bone loss or increase fracture risk.
Glucocorticoid therapy is a well-established cause of secondary osteoporosis.

Aromatase inhibitors such as anastrozole and letrozole reduce estrogen activity and can adversely affect

bone health.

Androgen-deprivation therapies, including agents such as leuprolide and bicalutamide, may also increase

skeletal fragility.



CLINICAL PRESENTATION



Clinical Presentation of Osteoporosis

Osteoporosis is frequently asymptomatic until a fracture occurs.

Clinical presentation may include a painful fracture or an asymptomatic vertebral fracture detected on

imaging.
Approximately two-thirds of vertebral fractures remain clinically undiagnosed.
Common osteoporotic fracture sites include the hip, spine, shoulder, forearm, and pelvis.

Fractures involving the hands, feet, and craniofacial bones are generally not considered typical

osteoporotic fractures.



Figure 1. Radiographic Images of the Thoradic Spine

[B Lateral thoracic spine radiograph of nonfracture Lateral thoracic spine radiograph of fracture deformity
deformity (top) and close-up (bottom) (top) and close-up (bottom)

www.t.me/MemodiAppArticulos

A, Nonfracture deformity is shown
with the wedge-shaped vertebral
body (arrowheads) and without
superior end plate depression
(arrowheads). B, Fracture deformity
is shown with the wedge-shaped
vertebral body (arrowheads) and
with a depressed superior end plate
(arrowheads).




Vertebral Fractures: Clinical Clues

Progressive loss of height can suggest vertebral compression and cumulative vertebral deformity.

Increased horizontal distance between the occiput and the wall may indicate kyphotic spinal

deformity.

Vertebral height loss can also reduce the space between the lower ribs and the pelvis.



Fracture Trauma and Osteoporosis

Osteoporotic fractures were traditionally defined as fragility fractures occurring after minimal trauma.
A typical example is a fracture resulting from a fall from standing height or a similarly low-energy event.

Fractures caused by extreme trauma or local pathology, such as malignancy, should instead be excluded from

osteoporosis-related risk assessment.



ASSESSMENT AND DIAGNOSIS



BMD, DXA and Clinical Diagnosis

Most clinical guidelines recommend assessment of osteoporosis risk factors in

postmenopausal women and men older than 50 years.

A previous fracture is one of the strongest clinical predictors of future fracture.
A history of at least one fall during the previous year also substantially increases
fracture risk.

DXA provides a standardized measurement of BMD and remains central to fracture-

risk assessment.

A T-score of —2.5 or lower is classified as osteoporosis when compared with the BMD

of young healthy adults.



FRAX: Individualized Fracture Risk
Assessment

FRAX is the most widely used clinical fracture-risk assessment tool.
It estimates the 10-year probability of hip fracture and major osteoporotic fracture.
The calculation incorporates age, sex, BMI, and selected clinical risk factors.

Relevant factors include previous fracture, parental history of hip fracture, current

smoking, and high alcohol intake.

FRAX also considers secondary osteoporosis, rheumatoid arthritis, and prolonged

glucocorticoid exposure.

Other fracture prediction tools include the Garvan Fracture Risk Calculator and QFracture.



SCREENING




Who Should Undergo BMD Screening?

The recommended age for universal BMD screening varies among international clinical guidelines.
Some guidelines recommend targeted screening of individuals with clinical risk factors for osteoporosis.

Other approaches recommend fracture-risk assessment in all individuals older than 50 years to identify those at

increased risk.

The Bone Health and Osteoporosis Foundation recommends BMD testing in postmenopausal women aged 50 to 64

years who have clinical risk factors.

Similar targeted screening is recommended for men aged 50 to 69 years when risk factors such as previous fracture

or frequent falls are present.

Universal BMD screening is recommended for women aged 65 years or older and men aged 70 years or older under

these US recommendations.



*Without RF: Women >65vy

men >70 vy

*With RF: women >50y

men >50y



Table 1. Assessments Used in the Evaluation and Management of Osteoporosis

Description

‘When should this best be wsed?

Other considerations

Laboratory investigations

Blood testing = Measune serum caboiem,
phosphate, alkaline
phosphatase, and
creatinine levels and

assess thyroid function

Measure serum
25-hydroorywitamin D
{25[OH] D) level

Test individuals at risk for witamin -«
D defickency

Prios to initiating therapy to assess for
= Potentizl secondary causes of osteoparasis

(=g, hyperparathyroidism or chronic liver
disease)

= Potentizl contraindications to treatment

when considering pharmacathera

(=g, kidney dysfunction) in individwals with
ostenpaorosis (if levels were not measwred
within prior year)

When treating individwals at rick for vitamin
O defickency, including thase with
malabsorption, liver disease, chronic kidney
disease, reduced sun exposure, and after
pastric bypass surgery

= Clinical guidelines vary in the extent of
testing recommended

= Routine folbow-up (3 mo after initiation of
supplementation] is not recommended for
those withowt risk factors for vitamin O
deficiency

Fracture risk assessment tools

Fracture Risk Assessment Tool
(FRAX)"

= All 3 tools predict
probability of fractune
over 1-10 y (depending
on the tool used) based on
clinical risk factors (with

QF racture {assesses the risk of or without meastr i

= All 3 tools assess absolute fractwre risk in

adults who are not currently receiving
treatment for osteoporosis

= Most guidelines recommend assessing

fracture risk when 250 y of age in both
postrenapausal females and in males

= Takes into consideration competing risk of
mortality

= Bone mineral density is an optional input
variable

= Bone mineral density is not an input variable

Esteati i) af fermaral neck for bane
Garvan Fracture Risk Calculator mineral density) = Includes the number of falls and pricr
fractures
= Bone mineral density is an optional input
variable
Imaging
Imaging of lateral spine = Vertebral fracture = To identify the presence of a vertebiral = A confirmed vertebral fracture on imaging
assessment wsing fracture in individuals with signs or {even if the patient ks asymplomatic or it is
conventional radiography  symptoms of acute vertebral fractures or of a remiote fracture) is associated with a high
or dual-energy x-ray pccult vertebral fractures (such as height fracture risk
ahsorptiometry loss and kyphosis)
Dusal-energy x-ray Areal bone mineral density = To assess bone mineral density in both = Patients are considered to have normal bone
ahsorptiometry assessment i postrenapausal females and in males aged mass when the T score is 2=1.0
« Expressed in g/fem? =50 y as part of the fracture risk assessment = Patients are considered to have low bone
= Expressed as a Tsoore or for monitoring the response to mass (psteopenia) when the T score is
{55 above or below peak  osteoporosis therapy between =10 and -2.5
bone mass) = Patients are considered to have asteoporosis
when the T score is 2=2.5
Trabecular bone score = Unitbess texture measure = The trabecular bone score can be entered in- = Adding the trabecular bone score to FRAK

derived from dual-energy
x-ray absorptiometry
images of the lumbar
spine, which are only
available when specific
software is available for
the densitometer

the FRAX prediction algorithm to assess
fracture rick in adults

= When awallable on the bone mineral density

report, the trabecular bone score is useful in
indiwiduals close to the treatment threshold

(indicates when the results are most Likely to

alter clinical management}

improwves fracture prediction

* Calibrated using individual population-specific fracture and mortality data by country. The country-specific tool is availabde at https: ffwesfraxplus.org.



TREATMENT OF
OSTEOPOROSIS



Treatment Strategy: General Principles

The primary goal of osteoporosis treatment is to prevent fragility fractures and preserve

functional independence.

Management should combine lifestyle interventions, fall prevention, adequate nutrition, and

pharmacologic therapy when indicated.

Maintaining a BMI above 20 is recommended because low body weight is associated with
increased skeletal fragility.

Cigarette smoking should be avoided, and excessive daily alcohol consumption should be
minimized.



Exercise and Fall Prevention

Exercise is an important component of fracture prevention because it improves

bone health, muscle strength, balance, and physical function.

Recommended programs include balance, strength, resistance, flexibility, and

endurance exercises.

Progressive resistance training for at least 8 months has been associated with

improved femoral neck BMD in adults at increased fracture risk.

Balance and functional exercises reduce the rate of falls by approximately 24% in

community-dwelling adults.



Calcium and Vitamin D: Nutritional
Foundations



* calcium in men: 19-70y : 1000 mg/d

>71:1200 mg/d

*Calcium in women: 19-50y : 1000 mg/d

>51y:1200 mg/d

*Vit D : UNTIL 70 : 600 u/d

>70 : 800 u/d



* Routine calcium or vitamin D supplementation does not consistently
reduce fracture risk in community-dwelling adults without established

osteoporosis or nutritional deficiency.

* Combined calcium and vitamin D supplementation did not significantly

reduce hip or other fracture risk in this population.

* Recent meta-analyses found no meaningful improvement in BMD or
fracture risk with vitamin D supplementation in adults without established

osteoporosis.



Safety and Monitoring of Calcium and Vitamin D

-Excessive calcium supplementation may cause adverse effects such as nephrolithiasis and may
potentially increase cardiovascular risk.

Evidence regarding cardiovascular effects is inconsistent, with one large randomized trial showing
no increased cardiovascular risk and another meta-analysis suggesting increased risk.

-Routine vitamin D testing is not recommended by the Endocrine Society for otherwise healthy

individuals.
-Vitamin D measurement is appropriate in patients at increased risk of deficiency, including those

with chronic kidney or liver disease, malabsorption, limited sun exposure, or previous bariatric
surgery.

-Testing is also recommended in patients with osteoporosis, fractures, or metabolic bone diseases
such as osteomalacia.



PHARMACOTHERAPY



Table 2. Pharmacological Fracture Prevention Therapies

Drug Dosage Mechanism of action Contraindications Potential adverse effects
Antiresorptive agents
Oral bisphosphonate Alendronate 70 mg/wk « Direct osteoclast inhibition Creatinine clearance <30-35 mL/min, Dyspepsia (20%- 30% of patients), myalgia (4% of
Risedronat 35 k hypocalcemia, or esophageal patients), osteonecrosis of the jaw (<0.1% of patients),
isecronate ma/w abnormalities (eg, esophagitis or peptic  and atypical femoral fracture (0.02%-0.1% of patients)
Ibandronate 150 mg/mo ulcer disease)

Intravenous bisphosphonate Zoledronic acid 5 mg every 12-18 mo = Direct osteoclast inhibition Creatinine clearance <30-35 mk/minor  Headache, myalgia, or fever (30% of patients);
(administered hypocalcemia transient elevated level of creatinine (2% of patients);
intravenously) kidney failure (rare); hypocalcemia {<1% of patients);

osteanecrosis of the jaw (<0.1% of patients); and
atypical femur fracture (0.02%-0,1% of patients)
Ibandronate 3 mg every 3 mo Esophageal abnormalities are not a consideration with
(administered the intravenous formulation
intravenou;ty)

RANKL inhibitor Denosumab 60 mg every 6 mo * Reduces osteoclast Hypocalcemia Eczema (3% of patients), cellulitis (0.3% of patients),
{administered differentiation and activity osteonecrosis of the jaw {<0.1% of patients), and
subcutaneously) due to inhibition of RANKL atypical femur fracture (0.02%-0.1% _of patients)

Increased risk of vertebral fracture if denosumab dosing
is delayed by > 1 mo orinterrupted

Selective estrogen receptor Raloxifene 60 mg/d (administered « Estrogen receptor agoniston  Venous thromboembolism, stroke, or Hot flashes (10% of patients), leg cramps (7% of

modulator orally) hone cardiovascular disease patients), peripheral edema (5% of patients), and deep

vein thrombosis (0.9% of patients)

Anabolic agents

Parathyroid hormone analog Teriparatide 20 pg/d for 1.5-2y » Stimulation of parathyroid Creatinine clearance <30 mL/min, bone  Nausea (20% of patients), headache (13% of patients),
(administered hormone receptor malignancy, increased risk for hypercalcemia (3%-6% of patients), and leg cramps
subcutaneously) . l?creases bone remodeling osteosarcoma, or hypercalcemia (3% of patients)

tion is greater than
Abaloparatide 80yg/d for 1.5-2y (format
(administered resorption)
subcutaneously)

Stlerostin inhibitor Romosozumab 210 mg/mo for 12 mo » Inhibits the Myocardial infarction or stroke (within  Injection site reactions (5% of patients), serious
(administered sclerostin-activating Wnt past 12 mo) or hypocalcemia cardiovascular events (2.5% of patients treated with
subcutaneously) signaling pathways romosozumab vs 1.9% treated with alendronate),

« [ncreases bone formation
* Reduces bone resorption

osteonecrosis of the jaw (rare®), and atypical femur
fracture (rare”)

Abbreviation: RANKL, receptor activator of nuclear factor kB ligand.

participants who received romosozumab in the large romoso zumab vs placebo trials,

* There were 2 cases of osteonecrosis ofthe jaw and 3 cases of atypical femur fracture reported in 5621

MBIASY  UOGEINPT § MIIASY (e



Figure 2. Efficacy of Osteoporosis Medication Use for the Prevention of Vertebral, Hip,

and Any Clinical Fractures

No. of fractures/No. of Risk difference per
participants 1000 person-years Favors | Favors
Placebo Treatment (95% CIpP osteoporosis drugs | placebo
Fracture location E
Vertebral fracture
Drrug class
Abaloparatide 30/711 4/690 =36 (=52 to -21) —
Teriparatide 12271510 2211504 =68 (=112 to -28) —a—
Romosozumak: 593322 16/3321 =13 (=18 to -8) e
Denosumakb 264/3651 8&/3702 =48 (-5E to -39) —e—
Bisphosphonates. 7997970 4068332 =56 (-84 to -33) e
Raloxifena JOBMALTT 315/6385 =28 (=57 to=1) e
Hip fracture
Dirug class
Teriparatide 41544 41093 =4 (=12 ta4) I & |
Denosumakb 433906 26/3902 -4 (=8 to 0) —a—
Bisphosphonates. 180/8305 103/E329 =6 (=11ta-1) ]
Raloxifena 18/2576 26/35902 1{=-3to5) ——
Any clinical fracture
Drrug class
Abaloparatide 345821 104824 =29 (=45 to -14) ——
Teriparatide 941716 6172254 =27 (=56 to -7) p—a—
Romosozumak: 403591 58/3589 =5 (-15t0-2) —a—
Raloxifena 339/4461 526/6978 =6 (=18 ta B) [
Brsphosphonates. 113479280 964/10283 =24 (=42 to =7) HH
Denosumakb 293/3506 238/3902 =14 {-25to-3) -
(mmas — T T T —
008 0.1 0.5 1 23
Risk ratio {95% C1)

*The data are from a systematic
review and network meta-analysis
conducted by Ayers ot al #



Pharmacologic Treatment: Overview

Pharmacologic therapies for osteoporosis can be classified as antiresorptive, anabolic, or agents with

combined effects on bone remodeling.



Bisphosphonates: First-Line Therapy

Oral alendronate and risedronate are considered first-line antiresorptive therapies because of their efficacy,

tolerability, and cost-effectiveness.



Bisphosphonates: Safety and Renal
Considerations

During the first 2 years of treatment, serious adverse events such as osteonecrosis of

the jaw and atypical femoral fractures are not higher than with placebo.

Longer exposure is associated with an increased risk of osteonecrosis of the jaw and

atypical femoral fractures.

The risk of atypical femoral fracture decreases substantially after discontinuation, falling

by approximately 50% during the first year and 80% by 3 years.



Bisphosphonate Duration and Rare
Complications

Osteonecrosis of the jaw becomes more frequent with bisphosphonate exposure

exceeding approximately 2 years.

Reported rates range from approximately 0.2 to 10 cases per 10,000 patient-years

compared with placebo.

Atypical femoral fractures are associated particularly with treatment lasting 3 years or

longer.

The estimated incidence increases from approximately 2.5 per 10,000 patient-years after 3

to 5 years to 13 per 10,000 patient-years after more than 8 years of treatment.

The risk of atypical femoral fracture is higher among women who self-report Asian race or

ethnicity.



. Denosumab is a monoclonal antibody * Hypocalcemia may occur after denosumab
administration, particularly in patients with vitamin D

that binds RANKL and inhibits

deficiency or advanced kidney dysfunction.
OStEOCIaStOgen95|5 and osteoclast « A major clinical concern is rapid bone loss and

3 ctivity. increased vertebral fracture risk after denosumab

discontinuation or significant dosing delays.

. Although follow-up studies suggest - In one post hoc analysis, vertebral fracture rates

sustained efficacy for up to 10 years, the increased from 1.2 to 7.1 per 100 participant-years

after treatment discontinuation.

certainty of evidence for very long-term
« Current guidelines therefore recommend continuing

fracture prevention remains low. denosumab indefinitely or transitioning to a

bisphosphonate when denosumab is stopped.




Denosumab Discontinuation: High-Risk
Patients

Delaying a scheduled dose by more than approximately 1 month can also increase the risk of vertebral

fractures.

Longer duration of denosumab therapy is also associated with greater vertebral fracture risk after

stopping treatment.

Alendronate or intravenous zoledronic acid can be used after discontinuation to reduce the risk of

rebound vertebral fractures.



ANABOLIC THERAPY:
Teriparatide and Abaloparatide

Teriparatide and abaloparatide are contraindicated in hyperparathyroidism because they
may worsen hypercalcemia. and in individuals with skeletal malignancy or conditions
that have increased osteosarcoma risk, such as prior skeletal radiation Or Paget disease

of bone



postmarketing surveillance studies have shown no excess osteosarcoma risk in people taking

these medications, and therefore this risk no longer appears as a blackbox Warning
Transient hypotension infrequently occurs with the first dose of teriparatide or abaloparatide.

Other potential adverseevents include nausea, dizziness, palpitations, headache,myalgia, and

hypercalcemia.

Loss of bone mass occurs after discontinuation, so the use of antiresorptive therapy, such a
bisphosphonates or denosumab, should be prescribed after discontinuation of teriparatide and

abaloparatide.



Romosozumab

Romosozumab is a monoclonal antibody that binds and inhibits
sclerostin,anosteocyte-secretedinhibitor of theWnt-signaling pathway,and
thereby markedly increases bone formation and moderately reduces bone
resorption.

After 12 months of treatment with romosozumab, an antiresorptive therapy,
such as bisphosphonates or denosumab, should be prescribed. After
discontinuing romosozumab, further increases in bone mass typically occur

with denosumab, and maintenance of bone mass occurs with alendronate.



RECOMMENDED
THERAPEUTIC
STRATEGIES




Who Should Receive Pharmacotherapy?

Most guidelines recommend pharmacologic treatment for postmenopausal women and men aged 50

years or older with osteoporosis based on BMD.

Treatment is also recommended for individuals with a high fracture risk, regardless of whether their BMD

is in the osteopenic or normal range.

A history of hip, vertebral, or multiple fractures is an important indication for pharmacologic therapy.

Oral or intravenous bisphosphonates are appropriate first-line treatments for most patients at high

fracture risk.



Table 3. Summary of Guideline Recommendations for Management of Osteoporosis®

Bone Health and Osteoporosis Foundation

Endocrine Society guideline updates,”*”?

American Association of Clinical Endocrinologists/
American College of Endocrinology clinical practice

guideline,? 2022 UK Osteoporosis guideline,® 2022 2019 and 2020 guidelines,® 2020
Target population . P?stmenopwsal females and males 250 y » Postmenopausal females and males 250y of  » Postmenopausal females * Postmenopausal females 250 y
of age age
Measurement of bone » Postmenopausal females aged 50-64 y and * FRAX assessment without BMD should be » Postmenopausal females aged 50-64 y with
mineral density (BMD) males aged 50-69 y with risk factors for performed in postmenopausal females and in clinical risk factors for osteoporosis or history of
osteoporosis males 250 y of age fractures
* Females aged 265 y » FRAX assessment with BMD should be * Postmenopausal females aged 265 y
* Males aged 270y performed in individuals at intermediate risk
(close to the age-dependent treatment
threshold) or in individuals at high or very
high risk (if a baseline BMD measurement is
needed for a subsequent monitoring purpose)
FRAX (a fracture risk * Country specific * Country specific = Country specific * Country specific
assessment tool)
Treatment initiation * |n postmenopausal females and males aged Postmenopausal females and males aged 250y  » Postmenopausal females at high fracture * Postmenopausal females with

Monitoring after initiation
of treatment

Interruption of
bisphosphonate treatment
(drug holiday)

250 y with

* Hip or vertebral fracture (regardiess of
T score)

* Fracture of the pelvis, proximal humerus or
distal forearm with T score between -1 and
-25

» T score <-2.5 at the femoral neck, total hip,
or lumbar spine or 33% radius

» T score between ~1 and ~2.5 and a 10y
probability of 220% for major osteoporotic
fractures or 2 3% for hip fractures (based on
the country-specific® FRAX tool)

» Measurement of BMD every 2 y

= In those at modest risk of fracture (no recent
fracture or T score >=2.5) after 3 yof
intravenous or 5 y of oral bisphosphonate

» Reassess fracture risk and BMD level every 2
tody

with

« Prior or recent fragility fracture (particularly
in older people)

» A 10-yprobability of high or very high
fracture risk based on the country-specific®
FRAX tool; intervention threshold increases
with age until 70 y (after which it is constant)

» No specific recommendation

= After 3 y of treatment with intravenous
bisphosphonate or 5 y of treatment with oral
bisphosphonate, reassess fracture risk and
reconsider treatment every 1.5-3y

» Pause treatment for those at lower risk

risk with
* Hip or vertebral fracture

« Recent fracture (within 2 y)

* Tscore <-2.5 for femoral neck BMD, total
hip, or lumbar spine or distal radius

* Tscoreof ~1to-25and a 10-y
probability of 220% for major
osteoporotic fractures or 23% for hip
fractures (based on the country-specific®

FRAX tool)

« Measurement of BMD every 1to3y

* Inthose at low to moderate fracture risk,
consider bisphosphonate interruption after

3 to5 yof therapy

* Low bone mass (osteopenia) and a history of
fracture of the hip or spine

« T score <-2.5 for femoral neck BMD, total hip,
or lumbar spine or one-third radius

e Tscoreof -1to~2.5 and a 10-y probability of
220% for major osteoporotic fractures or
= 3% for hip fractures (based on the
country-specific® FRAX tool)

« Measurement of BMD every 1 to 2 y until stable

« For oral bisphosphonates, consider a
bisphosphonate holiday after 5 y of treatment or
6 to 10 y in very high risk

« For zoledronate, consider a bisphosphonate
holiday after 3 y in patients at high risk and up to
6y in those at very high risk

*The 2024 US Preventive Services Task Force®* recommendations are to screen postmenopausal females aged
65 years or older for BMD level to prevent osteoporotic fractures and screen postmenopausal females younger
than 65 years who are at ncreased nisk of osteoporosis (as determined by a clinical risk assessment tool). The

current evidence is insufficient to assess the balance of benefits and harms of BMD screening in men.

b Calibrated using individual country population-spedfic fracture and mortality data. When using FRAX to
calculate absolute fracture risk, it is important to use the country-spedfic tool, which is easily identified on the
website (https: fwww.fraxplus.org).




DURATION AND
SEQUENCE OF THERAPY




Bisphosphonate Duration and Drug Holidays

Interruption of bisphosphonate therapy should be considered because of concerns regarding rare adverse

effects with prolonged exposure.

A drug holiday may be considered after approximately 3 years of intravenous bisphosphonate therapy or 5

years of oral therapy.
The benefits of continuing bisphosphonate treatment beyond 5 years are not completely established.

In an RCT of 1099 participants, continuing alendronate after 5 years reduced clinically recognized vertebral

fractures compared with discontinuation.

However, radiologically confirmed vertebral fracture rates did not differ significantly between continuation

and discontinuation groups.

Therefore, the decision to continue or interrupt treatment should be based on the patient’s residual fracture

risk rather than treatment duration alone.



Drug Holiday 1n Low-to-Moderate Risk
Patients

A bisphosphonate drug holiday is appropriate for patients with low or moderate fracture risk
who have not sustained a fracture during treatment.

The optimal duration of a bisphosphonate interruption has not been clearly established.

Available evidence suggests that fracture rates generally do not increase during the first 1 to 2

years after discontinuation.

Fracture risk may begin to increase approximately 2 to 5 years after stopping treatment.

Patients should therefore undergo periodic reassessment during a drug holiday rather than

remaining untreated indefinitely.

Resumption of therapy should be considered if fracture risk increases substantially or a new

fracture occurs.



Management of Persistent High Fracture Risk

Patients who remain at high fracture risk after 3 to 5 years of bisphosphonate therapy may

require continued or intensified treatment.

Intravenous bisphosphonate therapy can be continued for approximately 3 additional years in

selected high-risk patients.

Oral bisphosphonate therapy can be extended for approximately 5 additional years when

clinically appropriate.

Switching to denosumab is another option for patients who remain at high fracture risk after

initial bisphosphonate therapy.

Teriparatide, abaloparatide, or romosozumab may be considered when fracture risk remains

particularly high despite previous treatment.



Sequencing of Osteoporosis Therapies

Anabolic therapy produces smaller improvements when administered after

previous antiresorptive treatment than when used in treatment-naive patients.

Transitioning from denosumab directly to teriparatide or abaloparatide is

associated with transient bone loss and should generally be avoided.

Switching from denosumab to romosozumab may help prevent transient bone

loss, although available evidence remains limited.



Combination Therapy and Repeated Anabolic
Courses

The clinical value of combining anabolic and antiresorptive agents also remains uncertain.
Combination treatment is substantially more expensive than treatment with an individual agent.
Combined therapy may also increase treatment burden and potentially increase adverse events.

Therefore, combination therapy is generally reserved for selected patients with very high fracture

risk.

There is currently no indication for combining two antiresorptive agents as routine osteoporosis

therapy.



MONITORING



Clinical Monitoring During Therapy

Regular clinical assessment is recommended throughout osteoporosis treatment.

Follow-up should assess changes in body weight and height because these may

indicate progressive skeletal deterioration or vertebral fractures.

Clinicians should specifically ask about new fractures and falls during follow-up
visits.
Adverse effects and medication tolerability should be systematically evaluated.

Adherence to pharmacologic and lifestyle interventions should also be assessed

regularly.



Monitoring BMD Response

Repeat BMD measurement can generally be performed after

approximately 2 to 3 years of pharmacologic therapy.



Reassessment of Fracture Risk

Fracture risk should be reassessed periodically according to the patient’s baseline risk and treatment

status.

In patients who are not receiving treatment, FRAX-based reassessment can be performed after

approximately 3 to 10 years.
The appropriate reassessment interval depends on the individual’s initial fracture risk.
Patients with higher baseline risk generally require closer clinical follow-up.

A new fracture, significant height loss, recurrent falls, or substantial clinical changes should prompt

earlier reassessment.



Figure 3. Screening. Diagnosis, and Management of Osteoporosis and Fracture Prevention

prevent fractures®
= Adequate Intake of Caiciam and vitamin D (dietary and sopplemental) o Fall Jsesument and prevention (if 3oprope ate) * Alcohod mtake redoction (52 Grinks dalty)
= Regular mule resatance and batance exercives * Smokung cessation (f reievant) * Moty body mass (adex (BM1) of = 200

Screening and evalu

Risk factors for fracture Physical exarmunation findings

« Mistory of fracture * Parentad history of hip feactire » Secondecy ostecporutis (doe to Suggesting vertebral fracture
» Ghucocorticold use (> 3 mo m the last - BN <20m GRUCOCONICods, ByDerpacd thyroS wmn « Heoght ko
year) with prednisone dose 25 mg daily  « Atcobed use (23 dvinks dally) ¢heomic kidney Ghease, v itamn O * M reted OCOPUt 1o mall & $12 nCe

o Falis (22 (0 the List year) o Current wmoRsng deflcuncy, or other COnd tom )
* Rhoumatoid actheitis

Clinicat lagnosis of osteoporonis Can be Made In Sotients with 3 fall-redated Mip, vortebral, or multiple fractuwe events i the JI01enCe Of J00tHery Cause
(g, vimay bone cancer or metabolic Done disease)

Bone mineral density (BMD) screening; see Tabies 1 and 3 for screening recommendat onss
i approgn ate, medsure BMD and include (n FRAX rick sstimation

Spinal imaging; see Table 1 for screening guidelines
Perform Lateral spinat r a8 ograph or st l-energy sy abnorptiomaetry - Dised werteral Macture Jssedaument 1o ientify endiagoaised vartelv il fractures

FRAX estimation

Catimate 10-y absolute fracture risk Using country-soecific Fracture Risk Assesument FRAXT 100l with previousdy collected clinical rish factors
20 BMD measurement (f awvailable)

Previous hip, vortedral or malttiple fractures usaally indicate high fracture risk regardiess of FRAX or BMD

Treatment initiation based on established cr

* Previous Mp, vertebeal or multiple fractures Bicod testing to assess 10r secondary Causes

* High 10-y fracture risk esing FRAX (2 20% for ma jor osteoporotic fracture or 3% for hip fracture) of esteoporosis and contraindications to Ccertain

» BMD T scoreof -2 5 pharmacother 3peutic agents. see Tadle | for recommendstons

Low fracture risk: does not meet

treat £ initists Steri J| High fracture risk; meets treatment infSation oriteria

Pervrenth

recent o fricture. and SMOD T score of £-2.5)

Very hgh fracture risk (maltiple or recent vertabral fractures,

|

Reassess for the presence of chmical « Oval or (V) adm i stration of 2 Besphosphonate - Te ratide. abaloparatide. or ™
p) ate, rivedr te, Iba o

1k factors at regular interwals onic acld

(Miti ate per the patient’s profile and preferences
and continwe thecapy for 3 y (W) or 5 y (a3l

After duraton of therapy, corns der brspiaspghonals

Continge comosoumab for 12 mo

Continue terDiparatide or 20300 aide for 18 10 24 mo

it ate antivesorptive 1herapy 2fter 2nabol thesapy

interTuption (2-3 y] i patients wahout recent fracturs
and wi thout rew or angaing chinsczl risk ctars

* Denosumad
It ate if wae of Disphosphaonate (3 Contrainds sted
Continwe mdef i tély without | nterruption 1o avold
rADIC Dome 045 (wunbews otherw: se ndicated)

| Monitor treatment sdherence, adverse svents falls and fractores 3od assess for 20y new risk factores
Consder rapeat BMD maasurement 2 to 3 y aftar mutigtion of thernagy 1o monitor treatment efSCacy

Consider referral to a hane metabolism specialist o

www t. me/MemodiAppArticulos or advanced kidrey tlure)

= Secondy cause confirmed * Lack of response to therapy (reciarent fractures * Conuderng Swcontinust-on of denosummad
« Very high fracturs risk oF Cont mued bone loss whle on therapy) (e 1o patent Draference, adverse svent,




Eox . Comumon by Asked Questiomns Abhout the Management
of Osteoporosis

Eisphosphonates arse typically discoontinuesd afier 3 o S5 pears.
Wihen showld a bisphos pleonats be ressumed . and for o loamg,
after a dirnag holidlay ™

Typicalby., after 2 to S yvears of treatment,. bisphlosphonates are
discontinesd for approxemately 2 to 3 years. Bisphosphonates can
B reswumeesd i newr fracthures or risk factors occur. The Fracture Risk
Assecoment Tool can b= used to calculate ab=olute fractwre risk
after a drug haoliday. Wihen resuming bisphosplswonates, the
duratison of therapy is samilar to the initial recommeaendations.

Showuld maonitoring with dual-enengy =-ray absorptiormeatry {00
b= peerformed i peopde vwho had a T scoore of less than —2.57

Thee guidelimes recomsmend repsated mesasurermeaent of bone
miirmeral density (ERMO) in patients who initiate bisphospdsonats
therapy even if thve initial T score is bess thamn —2.5% Data fromm trials
wiith amtiresorptive and amnabolic therapies skhvows an inverse
relaticonship betweean the BEMO kevel attaimed ewith theaerapy and the
subsecqguent fractwre ricsk. A dinically rmeeaningful reductison in
fractwre risk is expected winen the imcrease mn EMD level exceeds
the measuraement error reported by the DA, facility wihere the
EMD test was performed {https: Sfisod . orglofficdal-positions-
202230

S howld patkernts vwith a ERMD evel weithin the iamange for osteop=-=mnia

(e, a T soome of =10 o —2.5) or weithin the meormal raangse

[, a T score =—1 000 ewer b= treated with mediic ation s for osteoapenrosis™
Fatients with fall-related hip, wertebral, or multiple fractwres are at
high swubseguent fractwre risk even if their T score s ot im the
range for osteaopemnia. The use of osteoporosis dnees is assosciated
writh significant redwctions in fracture risk even when a patient's

T =cowre is gpreater than —2.5 (high evidernce certainty ).



Thank you
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