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= Osteoporosis is defined as a systemic skeletal disease
characterized by low mineral bone mass and microarchitectural
deterioration of bone tissue, more specifically a decrease in
the number of trabeculae coupled to trabecular thinning and
loss of connectivity, as well as decrease in cortical thickness
and an increase in its porosity. This consequently increases
bone fragility and susceptibility to fracture.

FDA approval for anti-osteoporotic agents

1995

1997
1998

====Fosamax (Alendronate)

Not Approved

------------- Evista (Raloxifene)

====Actonel (Risedronate)

------------- Forteo (Teriparatide)

====Boniva (lbandronate)

==== Riclast (Zoledronic Acid)

............. Prolia (Denosumab)

............. Tymlos (Abaloparatide)

------------- Evenity (Romosozumab)
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Defining The Latest Guidelines for Fracture Risk

VERY HIGH RISK* m LOW RISK*

If one or more of the below is truef: If any of the below is truet: If all of the below are truet:
¢ Fx within past 12 months'#4 Age: postmenopausal’* + + Age: postmenopausal??
* Multiple Fxs'-35 * Prior Fx or'+ + No prior Fx23
* Fx while on OP Tx! * T-score <-2.5 or'-3 * T-score > - 1.0 and FRAX

« Fx while on medication « T-score -1.0to - 2.5 pr(ibab.ilig <20% MOF and
harmful to bone' and FRAX probability <3% hip*
* Very low T-score <~3.0138 220% MOF or 23% hip'3

FRAX probability >30%
MOF, >4.5% hip'#

*Regional and local guidelines may override certain of these criteria based on dil in FRAX data and cost: i thresholds.

' If FRAX not available, major determinants of risk should include age, BMD, fractures, and medication harmful to bone.

SENDO requires both risk factors to be met for very high risk categorization

BMD, bone mineral density; FRAX, Fracture Risk Assessment Tool; Fx, fracture; MOF, major osteoporotic fracture; OP, osteoporosis; Tx, treatment.

1. Camacho PM, et al. Endocr Pract. 2020;26 (Suppl 1):1-46. 2. Shoback D, et al. J Clin Endocrinol Metab. 2020;105(3):1-8. 3. Eastell R, et al. J Clin Endocrinol Metab. 2019;104:1595-1622. 4. Kanis JA, et al. Osteoporos Int. 2020;31:1-12.

AACE/ACE 2020 POSTMENOPAUSAL OSTEOPOROSIS TREATMENT ALGORITHM

| neck or total hip T-score of , a history of fragility fracture, or high FRAX® fracture probability*

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

High risk/no

High risk / no prior fracture i fractures**
= Alendronate, denosumab, risedronate,

* Alendronate, denosumab, risedron

* Alternate therapy: Ibandronate, rz ZO|edr0nate

= Alternate therapy: Ibandronate, raloxifene

nab, teriparatide, zoledronate***
nate

Reassess yearly for respor ) therapy and fracture risk

Very high risk / prior fracture
= Abaloparatide, denosumab, romosozumab,
teriparatide, zoledronate

Consider a drug holiday after 5
years of oral and 3 years of IV

+If stable, continue

therapy for 6 years***
+If progression of bone

loss or recurrent

bisphosphonate therapy

fractures, consider
switching to abalopa-
ratide, teriparatide or
romosozumab

Resume therapy when a fracture
occurs, BMD declines beyond
LSC, BTM's rise to pretreatment

* Switch to injectable
antiresorptive if on oral agent

values or patient meets initial

*  10year major osteoporotic fracture risk 2 20% or hip fracture risk 2 3%. Non-US countries/

treatment criteria * Switch to abaloparatide, i e T liferen iesfiok's
romosozumab, or teriparatide **  Indicators of very high fracture risk in patients with low bone density would include
ABBREVIATIONS GUIDE If on Injectable antiresorptive advanced age, frailty, glucocorticoids, very low T scores, or increased fall risk.
or atvery high risk of fracture ##*  Medications are listed alphabetically. =
BMD - bone mineral density * Factors leading to suboptimal =ewx Consider a drug holiday after 6 years of IV zoledronate. 4
LSC - least significant change response During the holiday, an anabolic agent or a weaker antiresorptive

BTM - bone turnover marker such as raloxifene could be used.

COPYRIGHT ©2020 AACE. MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE.
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AACE/ACE 2020 | B2 SCtS S K| &
o 1@ Alendronate, denosumab, risedronate, zoledronate

o X1 Q|2 Abaloparatide, denosumab, romosozumab, teriparatide,
zoledronate

Endocrine society clinical practice guideline (2019)
o BP, denosumab, teriparatide/abaloparatide, romosozumab

NOGG 2017

o Alendronate & risedronate (alternate: iv BP, denosumab)
ACP 2017

o Alendronate, risedronate, zoledronate, denosumab

Long-term osteoporosis management

e Osteoporosis is a chronic disease requiring long-term
therapy

* Several osteoporosis drugs effectively reduce fracture risk
both at hip and vertebral in patients with osteoporosis

e Itisimportant to
— understand the benefit:risk profile of treatments
— have a strategy for long-term management

— choose among treatment options to individualizing
management of patients

Osteoporosis

1. U.S. Department of Health and Human Services. Bone Health and Osteoporosis: A Report of the Surgeon General. Rockville, MD: U.S. Deparntment of Health and Human Services, Office of the Surgeon General; 2004.
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o O MTt AR 715

- HF A S0pOrE[D S2EVL HE HA A, 22 Y

=
O| BO| #X| B2 MESS L=

L5

SERM= {4 54 5 22X 95t /s
K| DX 2ot= WS
0| X|BE2 £8K &

— 158 —




n\l
0x
7]

S5 X=2| ZRMXIA

= S|~
5H Ol K| 2 Al =lotr QICHH,
= 54 O|AFBMDE S7HA|Z R 7} QCHH BP or denosumab
A-ESICEL LSO = Denosumab= AHE
O|5t= A =lSHCHH BP or Denosumab
« oLff 24 1 2{5t™ 1E0MCH X E 23t
« [}2}A], Denosumab= AHESICH L K| &2 A7t S X %2
™ Bp I = second-lineC 2 HY

» BPE AESICHF S 2 X &% 2 ™ Denosumab EE= second-
lineC 2 HA

T<-250M X2 & Al&fSt 2

= BP EE= denosumab AFES10] X| & A| AL
* F/UT<-250|HA| X|= B-50| SCIH 7|E X K| 2L = A

2
o.

* F/UT<-2.50|HA Er50| QLS CHH WA

* F/UT>-2.50|H
oBPAIESO|HBPH[E0 2 AFR E= 59|
o Denosumab A& 0| M Q= X[ M= K| & AR
o= 2742 12{S}H denosumab or BP H| 2 0| 2 W A|
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Denosumab S-X|

4: BP or Romo

: DMab or anabolic

Safety of Osteoporosis Therapies

<Efficacy, Safety, and convenience of osteoposis therapies>

Therapy Efficacy

Safety

Convemence (dosing and dehvery}

Reduces vertebral, nonvertebral®,
and hip fractore risk®
[12 15, 17]

Bisphosphonates

Hommone therapy ~ Reduces vertebral, nonvertebral,

and hip fracture nisk [37, 38]

SERMs (raloxifene) Reduces vertebral fracture risk [44]

Calcitonn Reduces vertebral fracture risk [65]

Teriparatide Reduces vertebral and nonvertebral
fractare nsk [71]

Strontium ranelate  Reduces vertebral and nonvertebral
fracture nisk [79 §1]

Denosumab Reduces vertebral, nonvertebral,

and hip fracture nisk [86]

Short-term: gastrointestal tolerability
(PO}, myalgias and arthralgias
(PO or IV; rare), renal toxicity (IV}
[21, 23, 24, 31]

Long-term: atypical fractores (PO},
osteonecrosis of the jaw (PO or IV)
[24, 25, 28, 29]

Increased risk of coronary heart
disease, thromboembolic events,
and stroke [41, 42]

Increased frequency of hot flushes
and venous thromboembolism [55]

Mmor adverse events

Osteosarcoma observed n rats [76]

Increased incidence of nausea and
diarthea dunng first 3 months
[79, 81]; potential vascular and
neurclogical adverse events [82]
Higher mcidence of eczema, dermatitis,
rash, and senous celluhitis at 3 years
[84, 86]

May be given PO daily, weekly, or
monthly or IV (over 10 seconds or
as infusion lasting 15 min) every
3 months or once yearly

Requires 30- to 60-min post-dose fast;
patient must sit upright for at least
30 mmn after mgestion (PO only)

PO administration on a continuous daily
or cyclical regimen, as appropriate

PO admmistration once daily

Intranasal and injectable formulations
available

Daily subcutaneous mmjection

PO admimstration daily (granules dissolved
m water to drink before bed)

Subcutaneous imjection every 6 months

Osteoporos Int. 2012 Mar;23(3):797-809.
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2000+
Osteonecrosis of the Jaw in
the United States Food and
Drug Administration's
Adverse Event Reporting
System (FAERS)

1500+ [

1000+

500+ =0l =

Number of ONJ cases
]

cill[l'll'llllll'l
fe e 2o txe e e e Lo Mo M AeTeAeN e e TN eN
A A A R A AN A A AR F A RO R A AN

DR R

Drugs Associated With ONJ and the Reporting Odds Ratios in FAERS

Drug Drug class OR 95% ClI p Value
Pamidronate BP 498.9 |(475.2-523.8) [<0.0001
Zoledronate BP 171.7 |(166.1-177.6) |<0.0001
Alendronate BP 63.6 (61.6-65.7) <0.0001
Clodronate BP 33 (22.8-47.7) <0.0001
Risedronate BP 16.6 (15.4-17.8) <0.0001
Ibandronate BP 16.3 (15.1-17.6) <0.0001
Denosumab RANKL 13.8 (13.0-14.7) <0.0001
inhibitor
Etidronate \BP 12.3 (8.4-18.0) <0.0001

J Bone Miner Res. 2016 Feb;31(2):336-40.

Incidence of atypical femur fracture

" Incidence of atypical fractures in naive patients
0 0.1 per 10,000 person-years

" Incidence of atypical fractures in patients on BP
0 5.5 per 10,000 person-years

" Incidence of atypical fractures in patients on denosumab
0 0.3 per 10,000 person-years

Curr Opin Support Palliat Care. 2012 Sep;6(3):348-54.
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Guidelines on Long-term Bisphosphonate Treatment

= After 5 years of oral bisphosphonates or 3 years of intravenous bisphosphonates, reassessment of
risk should be considered.

* |n women at high risk (eg, older women, those with a low hip T-score or high fracture risk score,
those with previous major osteoporotic fracture, or those who fracture on therapy), continuation of
treatment for up to 10 years (oral) or 6 years (intravenous), with periodic evaluation, should be
considered.

= The risk of atypical femoral fracture, but not osteonecrosis of the jaw, clearly increases with the
duration of bisphosphonate therapy, but such rare events are outweighed by vertebral fracture risk
reduction in high-risk patients.

= For women not at high fracture risk, a drug holiday of 2 to 3 years can be considered after 3to 5
years of BP treatment.

Adler et al. JBMR 2016

= ONJ, atypical fracture/t Z 2%t Q&2 H7|X| T =5t 24
& 0] OFLL}.
o (BPS| EN S5t 2Z-2-2 flu-like symptom)

. M7] $X8.2 pp0) M O 20| BT EIL

« BP= Rt £AE HO M 3-5HSE 57| E 1

* Denosumabs CKD 2HAHO| A = AFE 0| 7ts

" BPe HEHA B 2 7L USKE 2N S
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Discontinuation of Denosumab
: Phase 2 Study in Women With Low BMD

Rapid loss of BMD to baseline due to rebound El:;e':’ (2’10 mg Q6M
in bone remodeling -8 Open-label alendronate
14 " ! . " 2 .
Lumbar Spine BMD i Discontinued - 16 Serum CTx ! Discontinued
1 : Treatment 8 1.4 : Treatment
Y 10 E o 1.2 i
g0 g ‘ g ™ i
£ H =S :
O% 6 e £ ;
€ T N oo o > 08 i
oS 4 aed i -4 i
£ 0 “ : c 06" '
O a4 2 { ’
[- 'j i 3 ] ;
01 S E 04 |: T T e
-2 : | 0.2 * ..... * ..... * ..... *
-4 ' 0 :
0 6 12 18 24 36 48 0 6 12 18 24 30 36 42 48
Months Months

Adapted from Miller PD, McClung M et al. Bone 2008;43:222-29

Vertebral Fractures After Discontinuing
Denosumab or Placebo in FREEDOM Study

Vertebral fracture risk was assessed in patients who discontinued either placebo or
denosumab in the FREEDOM study or who stopped denosumab in the FREEDOM
Extension study and who had a follow-up at least 7 months after their last dose

Fracture risk increased upon stopping denosumab but not to levels
greater than seen in those who stopped placebo

)

12 0OOn-treatment = Off-treatment

o
o

3

IS
IS

Vertebral fracture rates (95% CI)
per 100 person-years
<) ©
—_—
Vertebral fracture rates (95% Cl)
per 100 person-years
o

[N}
[N}

A N

E:

PBO DMADb

PBO DMAb
r= 7.0 8.5 12 71 r= 1.9 3.2 0.4 42
N =470 N=1,001 N =470 N = 1,001

Cummings SR et al. J Bone Miner Res 2018;33:190-8
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A Systematic Review and Position Statement by ECTS

Fracture Risk and Management of Discontinuation of Denosumab Therapy

1. Young patient with low risk of
fracture

Denosumab treatment is generally not
recommended

2. Denosumab treatment for short
duration [i.e. up to 2.5 years] and R
low fracture risk

Switch to oral BPs for 12-24 months or
administer  zoledronate for 1-2 years
depending on re-evaluation of BTMs and BMD

Continue denosumab for up to 10 years
[Individualized decision after that timepoint]

3. Denosumab treatment for long
duration [i.e. more than 2.5
years] and/ or high fracture risk

s
[
& Metabolism, 2021, Vol. 106, No. 1, 264-281 -‘

doi 10121 0clinemidgaaTsh
Reports and Recommendations

OXFORD

Reports and Recommendations

Fracture Risk and Management of
Discontinuation of Denosumab Therapy:

A Systematic Review and Position Statement
by ECTS

JCEM, 2021, 106, 264-281

Switch to zoledronate:

Begin 6 months after last denosumab injection
and measure BTMs 3 and 6 months later.
Consider repeated infusion of zoledronate in
case of persistently increased BTMs

In case BTMs are not available administer
zoledronate 6 and 12 months after last
denosumab injection

If zoledronate is not an option due to availability,
patient preference or intolerance: treat with oral
BPs for 12-24 months depending on re-
evaluation of BTMs and BMD

Case:

= Hg 14
= No PHx
= Hot flash+, sleep disturbance

BML: 22.9

F/49

Z 7% BMD T score: Lumbar -2.5, FN -1.4, TH -1.7

©

— 164 —




Y. ELSS K= ZRMIXIA

7|
0l

ChsS 8.

A0 e 2= %X A 7hs

T b
pi= ]

« Cf TZ3|0}

% , 1 < Es=E
142 2l 3 80| o8 40|, TE20E Fo
Ol Ol 240t X{5t7} 0f & &,

Case: F/56

* PHx: dyslipidemia
* Current med

o Fosamax Plus D (4 A 7F ALZ)
o Dicamax 1.25g+1000U

o Livalo 2mg
. Mol H |- =)
= L3 compression Fx (old, Zd A= A )
1 z 1 { £
BMD Young-Adult BMD Young-Adult
Region (ofcm® (¥) T-Bcore (g9f c®) (£} T-Bcore
& 0727 8 29 0,700 65 -3l
L2 0812 2 28 0,867 22
13 1,085 89 -1 1,058 8 -12
L4 0,852 7 28 ly 0833 28
ULz 0773 n 27 0,787 2 28
Li-L4 087 % 23 0,869 % -23
1 z 1
BMD Young-Adult BMD ung-Adu It
Region (g7 cme) (%) T-Bcore (gfcms [I) T-Bcore
Neck 0651 83 -24 0,662 o 23
Total 0,680 w24 0672 83 25
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Case: F/67

PHx: known T7 comp Fx, DM, dyslipidemia

o SUY LS == U Bretra AL
o 22 O RO A ‘“017“ SRS
Current med

o Risenex M (427 AF&), Dicamax 1.25g+1000U
o Livalo 2mg, Glucodown OR 750mg

1 b3 1 5

BMD Young-Adult BMD Young-Adult

Region {orcm (¥} T-Bcore Region (gfcm9) (£}  T-Bcore
L1 0672 63 S L1 0,637 60 -3.6
L2 0,829 73 -2.5 L2 0843 5 -2.4
L3 0,835 70 -3,0 L3 0920 77 )
L4 1,002 B 15 Iy 1,081 S0 s
L1-L2 0753 68 -2.9 L1-L4 0876 ki =23
L1-L4 0,847 74 o » Lo-L4 0,946 g1 -1.9
Neck 0,701 74 -2,0 Neck 0777 82 -14
Total 0,793 g1 215 Total 0858 a8 -1.0
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Romosozumab T=AFA| 11 A[ (2022-207)
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SERM
= Raloxifene 60mg qd
o HE 2 Yo E0tES K& H oY
* Bazedoxifene 20mg qd
o HE =0 ST Nz R0
Bisphosphonate
" Risedronate 35mg qw
o 1.HZ 2049 SCtET X2t oY
o 2. 240 ELSS K&
= Alendronate 70mg qw
o 1.HZ 2 04 SLEF K=&
o 2. 549 EHUSF A&

= Zoledronic acid 5mg iv
1L EOSE K&
< ()HZE 20l 0iElE B A HHF EOS
- QNZEIUE ZHE S N2 2H LY
© (3)Hyel 2035 KR
o 2.HZE 2 092 L5350
o 3. =2RIRZE[RO|E0 ot ZCtES2 K= 3 o
o 4. 2N EHO X &
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o at HEz =24 AHZ0|E
°° =Cs5/2445  20sE /Y 2035
Alendronate 5,10 mg [ ) [ ) [
5 + calcitriol 0.5 mcg [ [ [
70 mg (qw) [ ) [ )
70 mg + D3 2,800 IU [ ) L
70 mg + D3 5,600 IU [ ) [ )
Risedronate 5mg ®/0 o
35 mg (qw) ®/0 [ )
35 EC, 75, 150 mg (gm) ®/0
35 mg + D3 5,600 IU ®/O [ )
150 mg + D3 30,000 IU | J{©)
Ibandronate 150 mg (qm) [ )
150 mg + D3 24,000 IU [ ]
3 mqg iv (g3m) [ ]
Zoledronic acid 5 mg iv (qy) ®/0 [ ) [ )
Pamidronate 30 mg iv [ ]
Raloxifene 60 mg ®/0
Denosumab 60 mq sc (q6m) [ ) [ ] [ ]
Teriparatide 250ug/mL sc [ ] ([ ] ([ ]
Romosozumab 105 mg sc (gm) [ ) @ (H=Z9)

Summary - A| 2

7| E0ESHM e 508 LI X 2X T ER0 I

2} et

%7|(2)7} OfL| 2t 1 Bl

BP&= 3-51

1 X| & F plateau
J:LO D:' _|_|:||

Denosumab= 2o H =2

A=A AL 2 =X AL CHe X

M 2AXIX|E 2 BP or denosumab
JEZELE fE 57
T Kottt EH Y™ 57t

|2 X 1
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