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Bisphosphonates
Denosumab | Raloxifene HRT Teriparatide
Alendronate | Risedronate | Zoledronate
Vertebral v v v v v v v
Hip v v v v - v -
Nomn- o v v 7 - v v
vertebral

Ibandronate : only Vertebral Fx.
Palmidronate : only Korea
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Bisphosphonate (FALX)|)
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MRONJ (Medication-Related Osteonecrosis™ "
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BP drug holiday
5EZHHIAZA IO |E HTE0]
EE= 342t zoledronate FAXIE
[ ]
‘ D BXP J [ TIET0| OF Ex}
I
gt _
1. HIARAZLO|E X|Zols [ i
T-gt< -2 5% [
2. 00|l CHEFZS = METH WA )
3. O FBH = 2l0f ol O SA=ZUAL A
OIRHY BCHEE I
RS NEEE-TTT]
R BUSZAL AR, BUs 2A EE
cHRIxI=2 12 T-2t < —2.50/2 X|2 XA
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HRT

+ AF=0| Y= O : Estrogen-Progesterone Therapy, EPT
At=0| gl= O/ : Estrogen Therapy, EP

conjugated equire estrogen 0.625 mg

a7 micronized estradiol 1~2 mg
estropipate 0.625 mg

x| egradiol 50 g
=l egradil 15 mg

- 9%/riEE BYE 37
R 1E 2 OjRE 45 B HRT 080N HE 57}
« 22X ZIA

=2 =2 O

. ZEXA A
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SERM (Raloxifen)
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SERM (Bazodoxifen)
* 3AM|CH SERM
- 2F/TiEE BUE 57t
+ Raloxifen H| 11
- HEEH UM U2
- HIEZE B WM A2AT|R 23
- 12d oAM= HAEFSEE 42
- MEE AT 2g o0 Hlsl B7H HO|X| %S
o AtSLHE FH S 8l
e AMEXN g2 XHITUQ QS
- LEF WMO| glotT ROl MU
+ EY2HE 74 =1}
o O|aEE CtHE X, CI2|SS(EH)
EMC A2
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TSEC
e Ideal SERM
E-agonistic effect E-antagonistic effect
Bone Endometrium
Cardiovascular system Breast tissue
e TSEC

- absence of progestin, for managing postmenopausal osteoporosis and
menopausal symptoms

Conjugated estrogens I:B:I Bazedoxifene DU’A\
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Denosumab

* RANKL (Receptor Activator of Nuclear factor Kappa-B Ligand) 2K
o OETFAMZOA Ldd5t= RANKLRE Agt
. TEME MY, BH3 X - B85 Y2

O -
Bisphosphonates Denosumab { RANK
Q RANKL
\J OPG
BPs bind to bone \« Denosumab
mineral and are
taken up by mature
osteoclasts at sites
of bone resorption *
% DegloSL:(mab
% ocks
5 RANKL
BP
BP BP Eone ﬁ g
¥
BP BP BP
BP T
BP 'BP "Bone Bone
BPs cause loss of Denosumab blocks
resorptive function, but osteoclast formation,
‘disabled’ osteoclasts function and
may persist survival
Baron R et al. Bone 2011 48:677-692.
Effect of Denosumab
on Fracture Risk at 36 Months
RRR = 20%
RRR = 68% pegoL
8.0% p <0.0001 Denosumab
g\o, ! M Placebo
(o]
o
£ 6.0% 6.5%
<
o
=
© o
© 4.0%
Q
(=
[}
ke RRR = 40%
Q
= 9 =0.04
£ 2.0% 239 P
0.7% -
0.0% _
New Vertebral Nonvertebral* Hip
ARR =4.8% ARR =1.5% ARR =0.3%
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Incidence of Adverse Events
(Rates per 100 Subject-Years)

FREEDOM Years 1-3 Extension Years 1-7
Placebo Cross-over Denosumab Long-term Denosumab
(N =3883) (N = 2206) N = 2343)

All AEs 156.1

Infections 30.7

Malignancies 1.6

Eczema 0.6

Hypocalcemia <0.1

Pancreatitis <0.1
Serious AEs 104

Infections 13

Cellulitis or erysipelas <0.1
Fatal AEs 0.8
Osteonecrosis of the jaw 0
Atypical femoral fracture 0

» No difference of Cellulitis in 3 groups
+ Cumulative osteonecrosis of the jaw cases: 6 cross-over, 7 long-term
+ Cumulative atypical femoral fracture cases: 1 cross-over, 1 long-term

ORIGINAL ARTICLE .]-BMR:E

Osteonecrosis of the Jaw in the United States Food

and Drug Administration’s Adverse Event Reporting
System (FAERS)

Xiaoyan Zhang,'* Issam S Hamadeh,?>** Shuang Song,? Joseph Katz* Jan S Moreb,® Taimour Y Langaee,??
Lawrence J Lesko," and Yan Gong??

2000- Table 2. Drugs Associated With ONJ and the Reporting Odds
Ratios in FAERS
7]
3 95% Confidence
S 1500 Drug Drug class OR interval p Value
2 Pamidronate BP 4989 (475.2-523.8) <0.0001
r4
(@) Zoledronate BP 171.7 (166.1-177.6) <0.0001
5 1000+ Alendronate BP 636 (61.6-657) <0.0001
o Clodronate BP 33.0 (22.8-47.7) <0.0001
g Risedronate BP 16.6  (15.4-17.8) <0.0001
€ 500 Ibandronate BP 163 (15.1-17.6 0.0001
= BANKL inhibitor 138 __(13.0-14.7) __<0.000]
4 Etidronate BP 123 (8.4-18.0) <0.0001
0- Sunitinib Antiangiogenic 4.6 (4.2-5.1) <0.0001
Bevacizumab Antiangiogenic 4.5 (4.2-4.9) <0.0001
N D Ak N D Ak N D Ak AN 3 X AN
B O e e e S T s Temsirolimus m-TOR inhibitor 3.1 (22-4.6)  <0.0001
PP PP PP PP P PP PP PP P S Sorafenib Antiangiogenic 1.5 (1.2-1.9) <0.0001
Everolimus m-TOR inhibitor 1.4 (1.2-1.8) 0.0008
Fig. 1. The number of ONJ cases reported to FAERS by quarter from the Pazopanib  Antiangiogenic 1.3 (0.7-2.5) 0.38
first quarter of 2010 through the first quarter of 2014. Axitinib Antiangiogenic 0.8 (0.4-1.5) 049

OR = reporting odds ratio; BP = bisphosphonates; RANKL = human
monoclonal antibody to the receptor activator of nuclear factor-xB
ligand; m-TOR inhibitor = mammalian target of rapamycin inhibitor.

J Bone Miner Res 2016;31:336-340.
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- H2|& . =[0) 72%F, Bt=2E7t
— Periparatide?t WA E0 917 QOHE

- O

Denosumab At &t & Teriperatide &0
A

+ Denosumab Al Z Teriperatide & A<

St =240 S7t
= OoOT d

dd @11,

e
o F20l ot 2fS ZctoFet?

Younger postmenopausal women with high risk of fracture

VNG L) Sonee b Ca”CMS (), high breast cancer risk

MHT SERMs

Increased fracture risk Intolerant or Inappropriate
Elder postmenopausal women with high risk of fracture

If “target’ is met after treatment for 5-10 yr
Bisphosphonates

Denosumab
After|3-5 yr Non-responde
Switching

Low risk High risk Adding

Ncin-responder > Teriparatide
After 2 yr

Oral = Intravenous
l Re-assessment: Fracture, BMD) , BTM T, ...

Antiresorptives

) Korean Med Assoc 2019 October; 62(10):542-550
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Romosozumab exerts a dual effect through multlpﬂe SAL GENTER

molecular processesl4
Sclerostin regulates bone formation and resorption through multiple
molecular processes’#

romosozumab increases bone formation and, to a lesser extent, decreases bone New
resorption1 bone matrix
H 3 2 H formed b
Formation and mineralization* i
i 2,3 - modeling
Resorption® Osteoblasts S cpoc®
. Bone-lining cells
Osteoprogenitor

New bone matrix

Osteoclast
@ formed by

remodeling >
> ﬁ

- Osteocytes Sclerostin

> romosozumab-aqqg
Sclerostin romosozumab-aqqg
---through changes in cytokines® ---through effects on osteoblast differentiation and activity'6

Romosozumab (romosozumab-aqqg) prescribing information, Amgen.
Crockett JC, et al. J Cell Sci. 2011;124(7):991-998.

Dempster DW, et al. Clin Ther. 2012,34:521-536.

Ominsky M, et al. Bone. 2017,96:63-75.

Chan BY, et al. Osteoarthritis Cartilage. 2011,19(7).874-885.

Winkler DG ot al EMRO | 2003-22(23)-AI67-AI76

SERIENEUICE

EMC A1
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Romosozumab for 12 months followed by alendronate provided
superior vertebral and nonvertebral fracture risk reduction vs
alendronate alone?

Consider romosozumab after fracture when your patients’ risk of another is at its highest'2

EVENITY™-to-Alendronate (n = 2046) Alendronate (n=2047)
= PRIMARY ENDPOINT' KEY SECONDARY ENDPOINTS®
E Significant reduction in risk of
& o, o, o new vertebral and nonvertebral
> o,
B 50 A) 10.6% 19 A) 38 A) fracture vs alen
g0 B Relative Risk WA Relative Risk Relative Risk -
- 8.0% Reduction” Reduction Reduction e
(4 incidence of clinical fracture
ARR =4.0%* ARR=1.9% ARR =12% H
= 41% i et ‘ ) (nonvertebral and symptomatic
a 7% 32% Notincluded in the vertebral fracture) after a median
S 2.0% o Lobi b follow-up of 33 months
= comparisons. (P<0.001)t
0 _— _—
NEW VERTEBRAL FRACTURES NONVERTEBRAL FRACTURES* HIP FRACTURES
AT 24 MONTHS AT PRIMARY ANALYSIS AT PRIMARY ANALYSIS
(MEDIAN 33 MONTHS) (MEDIAN 33 MONTHS)

This was an event-driven trial and the duration of follow-up varied across subjects. The median duration of subject follow-up for the primary analysis period was 33 months.*
ARR = absolute risk reduction.
*Absolute and relative risk reductions are based on the Mantel- Haenszel method adjusting for age strata, baseline total hip BMD T-score (<-2.5, >-2.5), and presence of severe
vertebral fracture at baseline.'P value based on logistic regression model (new vertebral fracture) or Cox proportional hazards model (other fracture types) adjusting for age strata,
baseline total hip BMD T-score, and presence of severe vertebral fracture at baseline. ‘Nonvertebral fractures excluded fractures of the skull, facial bones, metacarpals, fingers,
and toes. Pathologic or high trauma fractures were also excluded
aqag) ibing i ion, Amgen. 2. van Geel TA et al. Ann Rheum Dis. 2009:68:99-102. 3. Saag KG, et al. N Engl Med,

1
2017:377(15):1417-1427.
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Romosozumab rapidly reduced new vertebral fracture by

12 months!?
| RRAME

73% 75%

_ RRR RRR
=
W ARR=130%" ARR=1.9%"
x P<0,001" P<0.001"
B
v
g [
£
£ 2.5% o
s Placebo (n = 3591) Placebo-to-Prolia® (denosumab)
] ™ ) (n=3591)
EVENITY™ (n = 3589,

= ° 1.8% ® EVENITY™-to-Prolia® (n = 3589)
o
S
=
s
E 0.5% 0.6%
e |
: 1
s o . I
o

12 MONTHS'? 24 MONTHS?

ARR = absolute risk reduction; RRR = relative risk reduction

For new vertebral fracture, n = Number of patients randomized. *Absolute and relative risk reduction are based on the Mantel-Haenszel method adjusting for age and prevalent vertebral
fracture strata. 'P-value is based on logistic regression model adjusted for age and prevalent vertebral fracture strata.

1. romosozumab (romosozumab-adag) prescribing information, Amgen. 2. Cosman F, etal. N Engl J Med. 2016;375:1532-1543,

Percent Change in Lumbar Spine BMD by DXA

«=f— Teriparatide (n = 209)
Romosozumab (n = 206)

Lumbar Spine

12 4 9.8%* 1
— 1=
33 101 J
£b 7.2%*1 )
g Lk 8 T c3
D& K 5.4%*
T '
°L 5 !
&2 4 3.5%
§ o
=E 21
E
O L 1
0 Morghs 12

*P < 0.0001 vs baseline. '# < 0.0001 vs teriparatide.
Data are LS means and 95% CL
Langdahl BL, et al. Lancet. 2017;390:1585-1594.
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Percent Change in Total Hip and Femoral Neck BMD by DXA

«=f— Teriparatide (n = 209)

~fll= Romosozumab (n=

206)

Total Hip Femoral Neck
5 - 5 -
.5 4 2,99t 4 3.2t
DR o/ 1, 1
EE 3 2'3{;’“ N 3 A 2_1°/T1'-t I
oz 4
- ‘ e 1
e 1 1 1 4
G -0.2%
o g ]
%g 0 ‘\é—/+ 0 i 1.1%*
[ —1.1%
g g 1 _n * - v
= -0.8%" ~0:5%
-2 2 J
0 6 12 0 6 12
Months Months
EMC A3

CLINICAL PRACTICE

EULJI MEDICAL CENTER

GUIDELINE UPDATE

Pharmacological Management of Osteoporosis in
Postmenopausal Women: An Endocrine Society
Guideline Update

Dolores Shoback,1'2 Clifford J. Rosen,3 Dennis M. Black,4

Angela M. Cheung,®® M. Hassan Murad,’ and Richard Eastell®

27

J Clin Endocrinol Metab, March 2020, 105(3).1-8
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All Postmenopausal Women

1) Lifestyle and nutritional optimization for bone health especially calcium and vitamin D
2) Determine the 10-year fracture risk according to country-specific guidelines

|

Low-Moderate Risk

High-Very High Risk

very high risk :

1) multiple spine fractures and a
BMD T-score at the hip or

spine of =2.5 or below.

(22)If bone loss or
patient becomes high

Lor’ I A A
N ‘ I (a2)
H [ | 1
Reassess (1) Bisphosphonates (3.1) Denosumab ) or @
fracture risk (22) Reassess fracture risk in 3-S5 yrs | | 32 Reassess lracture risk in For 2 yrs For1yr
in2-4 yrs @2)(5yrs Ifor oral, 3 yrs for IV) o C.Hm A oy (8.1) Calcium + Vitamin D ™ | (8.1) Calcium + VitaminD [ >
(8.1) Calclum + Vitamin D “""" as adjunct thera a@s adjunct therapy
as adjunct therapy as adjunct therapy L kil )
v v
Low-Moderate Risk High Risk Low-| Moderate Risk High Risk
(2.2 Consider a drug (2.2) Continue . Consider giving 3:2)Continue
holiday therapy or _~Intolerant to or . bisphosphonates and therapy or
i RS et switch to . Inappm;rlate'far then stu,:‘pulr_\: foradrug switch to
risk every 2-4 yrs another therapy 3b°"e therapies oliday another therapy

(11.1)Reassess fracture risk
every 1-3 yrs

risk, consider restarting Age <60 or
thera) <10 yrs past
Low VTE risk

If bone loss, fracture
occurs, or patient

[heero |

becomes high risk,
consider restarting
therapy

No | With vasomotor symptoms |
High breast cancer risk Consider (in order):
1) SERM (5.1
(61 +62) HT (no uterus, Estrogen; 2) HT/Tibolone (6.146.2)
with uterus, +P 3)C 04)
(5.1) SERM (raloxifene, bazedoxifene) I or Tibolone 4) Calcium + Vitamin D (22)

1)
2)

high risk :

3) 10-year hip fracture (FRAX)

4) risk of major osteoporotic

\

a prior spine or hip fracture, or
a BMD T-score at the hip or
spine of —2.5 or below, or

risk = 3%, or

fracture risk™> 20%;

/

Clinical Practice Guidelines

EMC X128«

EULJI MEDICAL CENTER

AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS/
AMERICAN COLLEGE OF ENDOCRINOLOGY CLINICAL PRACTICE
GUIDELINES FOR THE DIAGNOSIS AND TREATMENT OF
POSTMENOPAUSAL OSTEOPOROSIS— 2020 UPDATE

Pauline M. Camacho, MD, FACE*; Steven M. Petak, MD, JD, FACP, FCLM, MACE, CCD?

Neil Binkley, MD?; Dima L. Diab, MD, FACE, FACP, CCD* Leslie S

. Eldeiry, MD>;

zeez Farooki, MD®; Steven T. Harris, MD, FACP, FASBMR’; Daniel L. Hurley, MD, FA(,ES;

Jennifer Kelly, DO, FACE’; E

. Michael Lewiecki, MD, FACE, FACP, CCD*%;

Rachel Pessah-Pollack, MD, FACE*; Michael McClung, MD, FACP, FACE*?;
Sunil J. Wimalawansa, MD, PhD, MBA, FCCP, FACP, FRCP, DSc, FACE®3;
Nelson B. Watts, MD, FACP, CCD, FASBMR, MACE™

Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020, 26(Supp! 1)
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Reassess yearly for response to therapy and

Increasing or stable BMD and
no fractures

Consider a drug holiday after 5
years of oral 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

ABBREVIATIONS GUIDE

BMD - bone mineral density
LSC - least significant change
BTM - bone turnover marker

Alendronate, denosumab, risedronate, zoledronate***
= Alternate therapy: Ibandronate, raloxifene

Evaluate for causes of secondary osteoporosis

+ Recommend pharmacologic therapy

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

+ Education on lifestyle measures, fall prevention, benefits and risks of medications

Progression of bone loss or
recurrent fractures

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

antiresorptive if on oral agent
Switch to abaloparatide,
romosozumab. or teriparatide

if on injectable antiresorptive
or at very high risk of fracture ok
Factors leading to suboptimal e

response

COPYRIGHT 2020 AACE. MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE

Continue therapy
until the patient therapy
is no longer

high risk and
ensure transition
with another agent.
antiresorptive

agent.
Switch to injectable =

isk/prior fractures**

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

Abaloparatide or
teriparatide for up to
2 years

Remosozumab

Denosumab i
for 1 year

Zoledronate

Sequential Sequential therapy
with oral or injectable

antiresorptive agent

* If stable, continue
therapy for 6 years*+#%

«If progression of bone
loss or recurrent
fractures, consider
switching to abalopa-
ratide, teriparatide or
romosozumab

with oral or
injectable
antiresorptive

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 anaboli or a weaker antiresorp
such as raloxifene could be used.

Postmenopausal Osteoporosis Guidelines, Endocr Pract. 2020, 26(Supp! 1)
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