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PATIENTS’ RISK STRATIFICATION IN THE MANAGEMENT OF OSTEOPOROSIS:
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ABSTRACT

Assessment of risk of a fragility fracture is a vital
step a physician needs to undertake in every patient
suspected of osteoporosis, as this will influence the
decisions on whether to treat with a pharmacological
agent, with which drug, and for how long. After
risk stratification, patients deemed Very High-Risk
should be considered for an anabolic agent, or if this
is not feasible, a parenteral anti-resorptive. High-
Risk or Moderate-Risk patients may be considered
for oral bisphosphonates.
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In the 2019 European guidance for the diagnosis and
management of osteoporosis in postmenopausal women',
it is strongly recommended that patients be stratified for
risk of fragility fractures. High-Risk individuals should be
treated with a pharmacological agent to reduce fracture risk.
This includes patients who have already sustained fragilicy
fractures. It is recommended for older individuals who have
not had fragility fractures to assess the clinical risk factors
and treat those identified as having a high risk for fracture.
For people with Intermediate Risk, BMD may be performed
to assist in decision-making (Figure 1).

FRAX is an excellent tool to calculate fracture risk in people
age 40 years and above. It balances the 10-year risk of a
fracture against the risk of mortality, unlike other tools such
as the Garvan risk calculator, which gives only pure fracture
risk, regardless of the likelihood of imminent mortality
in older individuals. A country-specific, age-dependent
Intervention Threshold (IT) using FRAX can be derived
by entering the mean height and weight of an individual at
each age group of that gender for the population and entering
all risk factors in FRAX as NO except for the question of
History of fracture, which is answered as Yes. This would
give the 10-year risk of Major Osteoporotic Fracture, or
risk of Hip Fracture, at which a typical individual of that
age and gender would sustain a fragility fracture. A graph
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Figure 1. Management Algorithm for the
Assessment of Individuals at Risk of Fracture
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of Age-dependent Intervention Thresholds, for example in
U.K., is shown in Figure 2. An Upper Assessment Threshold
(UAT) can be set at 1.2 times of the Intervention Threshold,
and a Lower Assessment Threshold (LAT) is set using all
questions in FRAX answered as No. People below the LAT
are deemed Low-Risk and merely need advice to optimise
their lifestyle concerning diet and exercise. In addition,
women with significant menopausal symptoms may be
offered Menopausal Hormone Therapy if suitable.

In countries with limited access to DXA, people above
the UAT may be deemed High-Risk and treated
pharmacologically, even without a baseline BMD. People
who fall between the LAT and UAT should have DXA
BMD to refine risk assessment further: those with T-scores
-2.5 and below may receive treatment, while those with
osteopenia can have more refined FRAX scores to decide
regarding treatment. The UK uses this model but has further
refined it into a Hybrid Intervention Threshold (Figure 3).
There is an age-dependent curve up to age 70 years, after
which the fracture threshold remains fixed horizontally.
Clicking on the “View NOGG Guidance” tab below the
calculated 10-year risk results within the UK FRAX site
brings one to the exact point in one of the three categories
where the individual belongs to.
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Figure 2. 10-year Risk of Major Osteoporotic Fracture plotted against Age e.g. UK
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Figure 3. UK NOGG Guidance using a Hybrid Intervention Threshold

Welcome to the NOGG 2017 Guideline Update. These new thresholds ensure equality of access to treatment for
older patients with and without fracture (for full details, see the Guideline document)
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If treatment is indicated, please click on the Treat item
above to view guidance on related treatment options.
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In countries with good access to DXA, for example Germany, anyone with no prior fractures who are above the LAT may be
considered for BMD assessment to refine fracture risk further and treated if at risk (Figure 4).

Figure 4. BMD Assessment
Ten year probability (%)
40
30 Intervention threshold

20

10

40 50 60 70 80
Age (years)

If Singapore were to use an age-dependent intervention threshold, it would be as featured in Figure 5. You may note the
“low” intervention threshold for the 10-year probability of Major Osteoporotic Fracture at age 50-60 years. While the 10-
year risk is “low”, the lifetime risk of a fragility fracture is high, and DXA measurement and treatment should be considered
in people above the intervention threshold. This concept is similar to the concept of early statin treatment for Familial
Hyperlipidaemia.

Figure 5. Age-dependent FRAX-based Intervention Thresholds for Singapore
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The Endocrine Society (USA) guidelines from 2019° (Figure 6) further recommends stratifying Ac-Risk patients into
Moderate-Risk and High-Very High Risk. In contrast with the age-dependent FRAX intervention thresholds recommended
in Europe, the USA uses Fixed Intervention Thresholds based on pharmacoeconomic considerations from years ago, when
generic oral bisphosphonates were not available. The intervention thresholds may likely be lower if similar pharmacoeconomic
calculations were done now. Low-risk patients are those who have no prior hip or spine fractures, T-score > -1.0 and with
FRAX scores < 20 percent for Major Osteoporotic Fractures or < 3 percent for hip fractures. They may be given lifestyle
advice. Moderate-Risk patients may be considered for oral bisphosphonates. High-Risk patients (prior hip or spine fractures,
T-scores < -2.5 or “Osteopaenia’/low bone mass with FRAX scores > 20 percent for Major Osteoporotic Fractures or > 3
percent for Hip fractures) and Very High-Risk patients (such as those with multiple spinal fractures with T-score < -2.5) may
be considered for Teriparatide or Abaloparatide, Denosumab or Bisphosphonate.
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After treatment, if a patient is then assessed as Low-Risk, those on bisphosphonates can be considered for a drug holiday,
while those on other agents, such as Teriparatide or Denosumab, need to be transitioned to a bisphosphonate first. Those
assessed as continuing to have High-Risk should either continue treatment with the same agent or switch to another agent.

Figure 6. Algorithm for the Management of Postmenopausal Osteoporosis

1) Lifestyle and Nutritional Optimization for Bone Health Especially Calcium and Vitamin D

All Postmenopausal Women

2) Determine the 10-year Fracture Risk According to Country-Specific Guidelines

v
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The American Association of Clinical Endocrinologists (AACE) guidelines published in 2020%also identifies people At Risk
as High-Risk or Very High-Risk (Figure 7). Those at Very High-Risk include people with previous fractures, or if there
is a very low T-score, advanced age, frailty, falls, glucocorticoid usage. In this Very High-Risk group, consider using an
anabolic agent, such as Teriparatide, Abaloparatide or Romosozumab, or a parenteral anti-resorptive such as Denosumab or

Zoledronate.

Figure 7. The AACE 2020 Postmenopausal Osteoporosi

AACE/ACE 2020 POSTMENOPAUSAL OSTEOPOROSIS TREATMENT ALGORITHM

Evaluate for causes of secondary osteoporosis

Correct calcium/vitamin D deficiency and address causes of secondary osteoporosis

+ Recommend pharmacologic therapy
= Education on lifestyle measures, fall prevention, benefits and risks of medications

+ Alendronate, denosumab, risedronate, zoledronate**#*
+ Alternate therapy: Ibandrenate, raloxifene

ly for response to therapy

Increasing or stable BMD and
no fractuires

Progression of bone loss of
recurrent fractures

Assess compliance
Re-evaluate for causes of
secondary osteoporosis and
factors leading to suboptimal
response to therapy

Consider a drug holiday after 5
yearsof aral and 3 years of IV
bisphosphonate therapy

Resume therapy when a fracture
occurs, BMD declines beyond
LSC, BTM's rise to pretreatment
values or patient meets initial
treatment criteria

Switch to injectable
antiresorptive if on oral agent
Switch to abaloparatide,
romosozumahb, or teriparatide
if on injectable antiresorptive
oratvery high risk of fracture
BMD - bone mineral density Factors leading to subaptimal
LSC - least significant change response

BTM - bone turnover marker

ABBREVIATIONS GUIDE

« Abaloparatide, denosumab, romosozumab, teriparatide, zoledronate***
+ Alternate therapy: Alendronate, risedronate

Abaloparatide or
teriparatide for up to Zoledronate
2 years

Romosozumab.

Denosumab for 1 year

Continue therapy. Sequential
until the patient therapy

is nolonger with oral or
high risk and injectable
ensure transition antiresarptive
with another agent switching to abalopa-
antiresorptive ratide, teriparatide or
agent, romaosozumab

Sequential therapy = |f stable, continue

with oral or Injectable therapy for 6 years#*+*

antiresorptive agent «|f progression of bone
loss or recurrent
fractures, consider

* 10 year major osteoporotic fracture risk = 20% or hip fracture risk = 3%. Non-US countries/
regions may have different thresholds.

**  Indicators of very high fracture risk in patients with low bone density would include
advanced age, frailty, glucocorticoids, very low T scores, or increased fall risk.

***%  Medications are listed alphabetically.

*#*%  Consider a drug holiday after 6 years of IV zoledronate.
During the holiday, an anabolic agent or a weaker antiresorptive
such as raloxifene could be used.
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REFINEMENTS IN FRAX SCORES FOR
IMPROVED FRACTURE RISK PREDICTION

In calculating FRAX scores, refinement of the fracture risk
can be made in certain common clinical situations outside
of the common clinical risk factors already in FRAX. These
adjustments are for: -

A. Imminent fracture risk

B. Steroid dose

C. DPresence of Type 2 Diabetes Mellitus
D. Frequent Falls

E. Spine-hip BMD discrepancy

A.

Imminent Fracture Risk

Figure 8. Cumulative Risk of Subsequent Fracture
within 5 Years

High Imminent Risk of Another Fracture
And High Risk of Mortality Within 5
years After A Fracture

4a IMortaIitysz.% I

| Mortality 61,%'

Age group (years)
E65-74
3 75-84
B

Cumulative risk of subsequent fracture
within 5 years following Initial fracture (%)

ATy ey |-

SENNNNEERENEREEDN

SENERREREENED

Femur Radius/
Uina
Skeletal site of initial fracture

£

eMis Clavice Humerus Hip

BalasubramanianA et al.Osteoporos Int 2019; 30:79-92

A recent fracture of the hip or spine, especially within the
previous 2-5 years, dramatically increases the risk of another
fracture (Figure 8). This increased fracture risk which is more
than the FRAX prediction is higher in younger women,
with women age 50 years having a 2.47-fold increase in the
risk of another fracture within two years of a prior clinical
fracture, compared to the cohort with any fracture during
adult life (as calculated by FRAX), while for women age 80
years, the increase is only 1.24-fold (Table 1).°
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Table 1. 10-year Probability of MOF

Adjusting FRAX for Imminent Fracture
Risk:10-year MOF Rates of Icelandic
Women With Previous Fracture by Age

_ 10-year Probability of MOF m

Age Cohort with  Cohort with
Clinical Any Fracture
Fracture 0-2  in Adult Life
years Ago
50 29.0 1.7 2.47
60 36.1 194 1.86
70 41.9 27.6 1.52
80 42.5 34.2 1.24
90 34.7 333 1.04

Johanssehi etal. |OESCEO 2019

B. Steroid Dose

When Prednisolone doses are lower than 2.5 mg daily
or higher than 7.5 mg daily, the effect on FRAX can be
modified downwards or upwards, respectively (Table 2).°

Table 2. Percentage adjustment of 10-year
probability of a hip fracture or a major osteoporotic
fracture by age according to the dose of
glucocorticoids

Dose Prednisolone equivalent (mg/day)  Age (years)

40 50 60 70 80 90  All ages
Hip fracture
Low <25 —40 -40 40 40 -30 -30 35
Medium*  2.5-7.5
High >175 +25 25 425 420 +10 +10 420
Major osteoporotic fracture
Low <25 20 20 -15 20 -20 -20 -20
Medium®  2.5-75
High >1.5 +20 <20 415 +1S 410 +10  +IS

a. No adjustment required

C. Presence of Type 2 Diabetes Mellitus

Patients with Type 2 DM have relatively good BMD but
poor bone quality, such that the risk of hip fracture is 1.3-
2.0 fold that of patients without Type 2 DM. When using
FRAX for fracture prediction, apply a “penalty” for BMD in
T2DM patients by choosing one of the following’:

1. Lower T-score by 0.5 (-0.5) (Figure 10)

2. Input Rheumatoid Arthritis (RA) as “Yes” (Figure 9);
this also applies to people with SLE

3. Use Trabecular Bone Score (TBS) (Figure 11)
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EXAMPLE OF BASELINE FRAX CALCULATION

FRAX using Hip FN BMD 0.6 and RA
“No” -> NHANES T-score -2.2

Calculation Tool

Please answer the questions below to calculate the ten year probability of fracture with BMD.

Country:  Singapore (Chinese) Name/1D: About the risk factors

uestionnaire: 10. Secondary osteoporosis Oro Oy
Q E R Derived from US NHANES database of
1 " ¢ Dt i -
A.°7ge (oetittedy 7 Bnd 5 PoRks) oF be oY B L) 11. Aleohol 3 or more units/day OI'SRSL N predominantly white postmenopausal

Age: Date of Birth: women

_ 12. Femoral neck BMD (g/cm?) s .

60 N M: D: 2 Not the same as the T -score in OUR

toloc v 0.600 T-score: -2.2 |4_ DXA reports, which use S’pore / Asian

2. Sex (U male @ Female Hologe = I database :
3. Weight (k) 58 Clear  Calculate
4. Height (cm) 160

S. Previous Fracture Ono

Y MOF 9.5%
6. Parent Fractured Hip ® o

- L] o
Major osteoporotic 9.5
7. Current Smoking ®no Dves . 0
Hip Fracture 29
8,

. Glucocorticoids ©@nNo Uves

) Yes If you have a T8S value, dick here: Adjust with TBS

9. Rheumatold arthritis

Figure 9. Input Rheumatoid Arthritis (RA) as “Yes”

2. FRAX using Hip FN BMD 0.6 and
RA “Yes”, T-score -2.2

Calculation Tool

Please answer the questions below to calculate the ten year probability of fracture with BMD

Country: Singapore (Chinese) Name/1D: About the risk factors
Questionnaire: 10. Secondary osteopoross B i
1. Age (between 40 and 90 years) or Date of Birth 11. Alcohol 3 or more units/day ®No Vés
Age: Date of Birth:
- 12, Femoral neck BMD (g/em?)
60 Yi M: D:
2. sex Omale @ Female Hologic il | 0.600
3. Weight (kg) 58 Clear | Calculate
4, Height (cm) 160
5. Previous Fracture JNo @ vyes
6. Parent Fractured Hip ®no Ovyes M 0 F 1 2%
Major osteoporotic
7. Current Smoking ®no (ves

]

) Hip Fracture - H H 4 10/
Ghucocorticoids ) I p [ 0

Rheumatold arthritis If you have a T8S value, dick here: Adjust with TBS

e
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Figure 10. Lower T-score by 0.5

1. Lowering T-score by 0.5:
FRAX using T-score -2.7 in Hip FN

Calculation Tool

Please answer the questions below to calculate the ten year probability of fracture with BMD.

Country: Singapore (Chinese) Name/TD: About the risk factors
Questionnaire: 10. Secondary osteoporosis ®Ono Oves
1. Age (between 40 and 90 years) or Date of Birth 11. Aleohol 3 or more units/day Ono Oves
Age: Date of Birth:
" 12. Femoral neck BMD (gfem?)
60 ¥ M D:
2. sex Omale © Female i=3eore .
3. Weight (ko) 58 Clear  Cakulate

4. Height (cm)

160

5. Previous Fracture

6. Parent Fractured Hip

Major osteoporotic
7. Current Smoking

# MOF 12%
Hip 5.1%

Hip Fracture

If you have a TBS value, click here: | Adjust with TBS

8. Glucocorticoids

9. Rheumatoid arthritis

Figure 11. Trabecular Bone Score

“Penalty” for T2 DM patients when using FRAX for
fracture prediction:
3. Use Trabecular Bone Score (TBS)

Haalthy Wall-structured trabacular Do

L] Pag
i ey e e L D —
"1 3 i
L3 i
L4
TBS = 1.360

_
- =
Figaimne 2. Trabsvula bone soome (TRS) ises standasd bimbar spine D0CA La :"E:EEE
g b assess Boaie tenae i homogerety (that is, the mamber of Rlled
e umifilled vonelsh in order to gmge bome quality and rachare sk, TBS = 1,102

TBS is derived from DXA spine image measurements of gray-level
texture inhomogeneity: an index of bone microarchitecture or bone
quality. It has been incorporated in FRAX™ for fracture prediction in
WHO and I15CD guidelines in 2015
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D. Frequent Falls

The hazards ratio for Major Osteoporotic Fracture and Hip
Fracture for fallers are shown in Table 3 below®:

HR Major .
No. of . HR Hip
Osteoporotic 95% CI 95% CI
Falls Fracture
Fracture
1.49 1.26-1.78
2 1.74 1.33-2.77
>3 2.62 2.06 - 3.34 3.41 2.19-5.31

E. Spine-Hip BMD discordance

Increase FRAX estimates by one tenth for every T-score of
1 that the Lumbar Spine T-score is lower than the Femoral
Neck T-score in the DXA BMD results.” For example, if the
Lumbar Spine T-score is -3.0 and the Femoral Neck T-score
is -2.0, the FRAX scores should be increased by one tenth

or ten percent.
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LEARNING POINTS

e Accurate fracture risk prediction using a tool such as FRAX is necessary, and adjustments should
be made for imminent fracture risk, presence of T2DM, steroid dose, frequent falling and spine-hip

BMD discordance.

e Each country should decide whether to use age-dependent, fixed or hybrid intervention thresholds

for FRAX-based treatment decisions.

e After risk stratification, patients can be managed according to their risk category as below:

Suggested Therapeutic Options in the Management of Postmenopausal Women

Low-Risk High-Risk

Very High-Risk

Lifestyle measures Alendronate

Anabolic agent (Teriparatide,
Abaloparatide, or Romosozumab) followed
by anti-resorptive

Menopausal hormone therapy if | Risedronate
menopausal symptoms

Raloxifene if low spine BMD IV Zoledronate

IV Zoledronate

SC Denosumab

SC Denosumab
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