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(T-score or Fx Prevention or Bone Turnover Marker?)
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Goal-Directed Treatment of Osteoporosis

Steven R Cummings,' Felicia Cosman, ™ Richard Eastell,” lan R Redd,!
Maona Mehta,' and E Michael Lewdecki®

San Fran

Coordinating Centes, Cal oreda Paciic Madical Ceeter Rasearch Inuinute and the Depantmenit of Epidemiclogy s
Bicstativtics, University of Cabfornia, San Francison, San Francisco, C4, USA

Regional Bone Center, Helen Hayes Hospital, West Mavenstraw, NY, USA

"Department of Medicing, Columbla Univeruty College of Physiians and Sargeons, New York, NY, USA

“Depanment of Borse Mesabolim, Univeryty of Sheffiekd, Sheffeid, United Kngdom UK

*Department of Medicing, Universty of Auckand, Auckland, Hew Zealand

“New Massico Clinical Research & Osteoporosh Center aed the Linkenity of New Mescn School of Medidine, Albuguengus, NM. LIEA

Treat-to-target for Osteoporosis: Is Now the Time?
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Goal or target to treat

1. X|g9| 581
2. O|C|ZtX|, AR[7THX], OB A K| 22 A LX|?

CHS=S 2| 29| Target2 A7 (T-score or Fx Prevention or Bone Turnover Marker?)

What is a goal?

What do we have to consider when we treat the
patients with osteoporosis?

Review ™
‘I- . ,. ; 3554 dm

DIABETES £ METABOLISM JOUANAL

2011 Clinical Practice Guidelines for Type 2 Diabetes
in Korea

Seung:Hyun Ko', Sung-Res i, Dong-Joon Kine'. Seung-foon Oh', Mye lin Lee', Kang: Hee Shim', Mi-Hye Weo',
Jun- ¥ Kim’, Kan. Hee Kins', fae- Taik Kim*, Chong Hwa Kim*, Hae lin Kim'!, In- Kyang leong”, Fun- Kyung Hong“,
Tae- Hyoung (e, [1-0b Mak”. Kun-He ¥oon'; Commitiee of Clinkcal Practice Guidelines, Korean [Habetes Association

Table 3. Recommendation of glycemic target in patients with
type 2 diabetes

. FPG and HbA Ic can be used as markers of glycemic status

Achievement and maintenance of intensive glycemic control

should be used to prevent diabetic microvascular and macro-

vascular complications

. Glycemic target should be individualized according to specific
clinical situation

. HbAlc goal can be targeted <6.5% in recently diagnosed,
young-aged patients without severe complications or hypogly-
cemia

b

w

s

FPG, fasting plasma glucose.
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[ Lifestyle Modification |

I AC80%, I I AICE0-10.0% | | ALC10.09% |
1 I I
OHA monotherapy (OHA Combénation therarpy Insulin+ OHA
Insulin
AIC rduction
Action Mechanism i 1 sado effict Caution
v icluside plimepiri lin sex et 10-20%  Hypogheemis, weight giin  LFT> 3ol Crs 20
de, ghipizide, ghbenclamide) mgidl.
iguank ? 3 1020%  Nohypoghwemiaorweight ¢GFR< X mL/min
I ppheral inehn s g, Gl s effocts Ol g, debyelations
ety
Alpha-glucosidase inbibitor (scar. Skowing digestion of carbolpdrales 05-08%  Nobypoghemisof weight  Cr> 1.2 mghdl Bosel
bose. voglibese) im semall imtestine pain. Gl side effects divease
hialiddh 4 I y L, O5-14%  Fleid sotestion, CHE, CHE
[AyT—— gt g, b Frature
Meglitinde irepaglinide. nateg.  Increase invelin secretion 05.05%  Hypoplemis, weight piin  Hepatic dysfunction
linide, mitighnide)
DPPIV inhibitor (sitagliptin, Enhance GLP-1 & GlPeffects, Glu- ~ 05-08%  Nokypoghwemiaor weight  Remal dysfunction,
vikaglipein] cone-medinted insulin secretion, pin Lonig term salety
suppeess glucagon secretion ot established
GLP-1 recoptor sgreist {ezena-  Potintiate glucose-stimulated insu-~ 05-10%  Nobypoghoemia of weight  Long-serm safity not
tide) i sacrtion, dow gastric emmpty- L Gl s affects establihed
g, eppreds pucign wortion
[ If mot t target within 2.6 months |
1
[ 1
[ Add another OHA [ Add insalln |
T I
l Triple therapy | | Multiple-companent insubin regimen + OHA |

A New Consensus Statement from the ADA and AGS
for Older Adults (2012)

Reasonable A1C Goal
(A Lower Goal May
Be Set for an Individual
it Achievable without Fasting or
Recurrent or Severe Preprandial Bedtime Blood

Patient Characterstios’ Hypoglycemia or Undue  Glucose  Glucose  Pressure
Health Status Rationale Treatment Burden) (mgidl) imgfdl)  (mmbg) Lipids
Healthy (Few codsting Longer remaining <T5% 90-130 90150 <1400  Stalin uniess
chronic linesses, intact life expectancy contraindicated
cognitive and functional or nat toleated
status)
rimaning “B0% Q90150 100-180 <1400  Statn eniess
(Multiple coexisting chronic life expectancy, high contraindicated
linesses® or 2+ nstrumental treatment burden, or nat tolerated
of mild to paphycemi il
moderate cognilive Fall rigk
Impairment)
Very complex/poor health Limitad remaining e <BE%" 100-180  110-200 <15080 Consider
(Long-term care or end-stage  expectancy makes likelibood of
chronic linesses” or moderate  benefit uncertain benefit with
to severs cognitive impairment statin (secondary
or 2+ ADL dependencies) prevention more
50 than peimary)
G Americen Gena ks Sockety

1 M SBus Kk, of al Dinkelm in ober adubs DOLI0 111 Ujge 12036

Treat-to-Target Example

* Hypertension
loint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure
target BP
140/90 mm Hg to reduce the risk of CVD
130/80mm Hg when DM or renal disease

* Hypercholesterolemia
Coordinating Committee of the National Cholesterol Education Program
LDL-C
<100 mg/dL  CHD
<130 mg/dL =22 risk factors
<160 mg/dL 1 ornone
J Clin Endocrinol Metab, March 2013,
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2eE: BOEZ 2|29 Target2 2AUM?(T-score or Fx Prevention or Bone Turnover Marker?)

.
Indicator

Diabetes: A1c

Hypercholesterolemia: LDL cholesterol
Hypertension: BP

CRF: GFR, Creatinine

B N

How about osteoporosis?

BMD?
BTM?
Vitamin D?
Calcium?
Fracture?

O~ O~

- K=o SBE oo 222717

What is a goal?

What do we have to consider when we treat the
patients with osteoporosis?
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Review ™
Diabetes Metab [ 200 135431 436 I I I
It S dotorg/ 10,4093 dimg 2011 35,5431

PISKN 27336070 . 1SN 11586087 DIABETES £ METABOLISM JOUANAL

2011 Clinical Practice Guidelines for Type 2 Diabetes
in Korea

Seung Hyun Ko', Sung: Rea Kion'. Dong- Joon Kinv', Seung-feon Oh', Mye- bn Lee’, Kang Hee Shim', Mi-Hye Weo',
Jun- Yosang Kim', Nan-Hee Kine', fse- Taik Kim", Chong Hwa Kim*™, Hae Jin K", In-Kyang leoog’, Eun-Kyung Hong”,
fae- Hyoung Cha'. 1-Of Mok, Knn-Ho Yoon', Committee of Clinkcal Fractice Guidelines. Konran [habetes Association

Table 3. Recommendation of glycemic target in patients with
type 2 diabetes

1. FPG and HbA 1c can be used as markers of glycemic status

2. Achievement and maintenance of intensive glycemic control
should be used to prevent diabetic microvascular and macro-
vascular complications

3. Glycemic target should be individualized according to specific
clinical situation

4. HbAlc goal can be targeted <6.5% in recently diagnosed,
young-aged patients without severe complications or hypogly-

cemia
FPG, fasting plasma glucose.

[ Lifestyle Modification |
[ AlC<80% | { AICH0-10.0% J I ALC>100% |
1 I 1

OHA monotherapy (OHA Combénation therarpy Insulin+OHA
Insulin
A1 reduction
Action Mechanism i 3 S wifict Caution
: iclazide glimepisi lin st LO20%  Hypoghoemis weight giin - LFT> 3ok Cra200
de, ghpzide, ghbenclamide) mgidL
iguan 5 1020%  Nobypoghcemiaor weight  «GFR< 30 mLimin
Tmpeume perpheral inuslin semsi- =, Gl ke effts Ol age, deplratices
ity
Alpha-ghoidase isbibitor (acar. Siowing digestion of crbobdrales — 05-08%  No bypoghcemiaor weight - Cr>1.2 myidl Bowel
bose. voglibone) T sl irestine gtin. Gl s effects divense
h dickiraeds °' h & 05-14% Fleid rebention, CHE, CHF
[ gt g, b Frature
it inide. natcg i 05-15%  Hypoghwemia, weight gain  Hepasic dysfunction
linide, mitighnide)
DPPIV inkibitor (stagliptin, ~ Enhance GLP-| KGIPeffocts, Glu-~ 05-08% Ko bypoghuemiaor weight  Renal dysfunction,
vibdaglipein) cose-modistod insulin secrotion, Pl Long term safty
suppeess glucagon secretion ot established
L1 reciptor ago uc 0510%  Nobypoghcemia or weight  Long-serm salety not
) i sacretion, show gastric eenpey- A Gl s effocts establshed
g, vopprvss gucapon weneion
[ If mot t target within 2.6 months |
1
[ 1
[ Add another OHA ] [ Add nsalin |
T I
l Triple therapy ] | Multiple-component insubin regimen + OHA |

A New Consensus Statement from the ADA and AGS
for Older Adults (2012)

Feasonable AIC Goal
(A Lower Goal May
Be Set for an Individual
it Achievable without Fasting or
Recurrent or Severs  Preprandial Bedtime  Blood

Patient Charactenstios Hypoglycemia or Undue  Glucose  Glucose Pressure
Health Status Rationale Treatnwnt Burden) (mgrdl)  (mgidl)  (mmig) Lipids
Healthy (Few codsting Longer remaining <7 5% 90-130 90150 <1400  Statin unkess
chronic ilinesses, intact life expectancy contraindicated
cognitive and functional or nat toleated
status)
ramaining <B.0% 90-150  100-180  <14080 Statin unless
(Multiple coexisting chronic life expectancy, high contraindicated
llnesses® or 2+ nswrumental  treatment burden, or nat tolerated
of mild to paphycemi i
moderate cognilive fall risk
impairment)
Very complex/poor health Limited remaining ife <B5%" 100-160  110-200 <15080 Consider
(Long-term care or end-stage  expectancy makes likelibood of
chronic linesses” or moderate  benefit uncertain benedit with
to severs cognitive impairment statin (secondary
or 2+ ADL dependencies) prevention more
50 than primary)
A5 Amerken Geriai ks Sochety
1 MSus Kichemn, o8 al Diaketm in okdes aduls. BOLI0 111 Uigs 12035

152 | diezcrazete Aursl ass



2eE: BOEZ 2|29 Target2 2AUM?(T-score or Fx Prevention or Bone Turnover Marker?)

Treat-to-Target Example

* Hypertension

Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure

target BP
140/90 mm Hg to reduce the risk of CVD
130/80mm Hg when DM or renal disease

* Hypercholesterolemia
Coordinating Committee of the National Cholesterol Education Program
LDL-C
<100 mg/dL  CHD
<130mg/dL 22 risk factors
<160mg/dL 1 or none

J Clin Endocrinol Metab, March 2013,

Indicator

. Diabetes: A1c

. Hypercholesterolemia: LDL cholesterol
. Hypertension: BP

. CRF: GFR, Creatinine

AW N =

How about osteoporosis?

1. BMD?

2. BTM?

3. Vitamin D?
4. Calcium?
5. Fracture?

- K=o SBE oo 222717
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| Session 4. BLIRE 232 |

What is a goal?

What do we have to consider when we treat the
patients with osteoporosis?

Review .
Dhisbetes Metab | 201 1354 406 I I '

g ol oag/ 10 AD93/dimg 2011355431
PISEN 12335070 - elSEN T100-6087 DIABETES L METABOLISM JOUANAL

2011 Clinical Practice Guidelines for Type 2 Diabetes
in Korea
Seung-Hyun K, Sung:Rea Kie'. Dong:Joon Kin', Seung.foon Oh', Hye. o Lee', Kang- e Shim', Mi- Mye Woo',

- et K", Nan-Hiee K, hae-Taik K", Chong: Hwa Kim®, Hae Jon Kisr', In-Kyung Jevog’, Fun-Kyung Hoog”.
Tar- Hyoung Cher, I8 Mok, Kiin-Hia Yoan'; Coemimittes of Clinkcal Prastioe Guidelines, Korran Dibetes Association

Table 3. Recommendation of glycemic target in patients with
type 2 diabetes

1. FPG and HbA 1¢ can be used as markers of glycemic status

2. Achievement and maintenance of intensive glycemic control
should be used to prevent diabetic microvascular and macro-
vascular complications

3. Glycemic target should be individualized according to specific
clinical situation

4. HbAlc goal can be targeted <6.5% in recently diagnosed,
young-aged patients without severe complications or hypogly-
cemia

FPG, fasting plasma glucose.

[ ALC<80% | — AICK-100% f——] ALC> 1041% |

I
OHA monotherapy OHA Combination therarpy Insulin+OHA
Insulin

Al reduction
Action Mechanism i Sad effoct Caution
ide glimepiri i 1020%  Hypoghcemia, weight gin  LFT> 340k Cr> 10
de, glptide, ghbenclamide) mgidl,

o i 1020% Mol orweight ¢GFR< X mLimin
Rmprorwe peripheral insslin sesi- e il sde et AW g, debrpdrations
ety

Alph, idase imbibivon (acar i i Q508%  Nobypoghcemisor weight  Cr>1.2 myidl Bowel

bose. voglibone) i sl intestine gtin. Gl s effects divense

il ol " ity 1 05-14%  Fheid rvbention, CHF, CHF
st lrver o ki weright gain, bone fractune

it inide,naeg- i 05.05%  Hypoglyoemia weight gain  Hepatic dysfunction
linide, mitighnide)

DPPIV inkibitor (staglptin,  EnhanceGLP| §GIPeficts,Glu-~ 05-08%  Nobypoghemiaor weight - Renal dysfunction,

vikdagliptin} ‘cose- medinted insulin secreticn, mn Long term salety
suppeess glucagon secretion ot established

GLP-1 micepoor age gl 0510%  Nohypophemia or weight  Long-term safity not

] i sicrotion, ko gastric pmpty- i Gl e effocts established
Ing. sopprves ghacagrm secrtion

| If mot at target within 2.6 manths |
1
[ 1
[ ‘Add another OHA | [ Add insalln |
| |
| Triple therapy I | Multiple-component insubin regimen + OHA |
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2eE: BOEZ 2|29 Target2 2AUM?(T-score or Fx Prevention or Bone Turnover Marker?)

A New Consensus Statement from the ADA and AGS
for Older Adults (2012)

Reasonable A1C Goal

(& Lower Goal May
Be Set for an Individual
it Achievable without Fasting or
Recurrent or Severs  Preprandial Bedtime  Blood

Fatient Charactenstics Hypoglycemia of Undue  Glucose  Glucose  Pressure
Health Status Rationale Treatment Burden) (mgidl) (mgidL)  (mmHg) Lipids

Healthy (Few coeisting Longer remaining <7 5% 90-130 90-150  <14080  Statin wkess
chronic linesses, intact life pupectancy contraindicated
cognitive and functional or nat toleated
status)
[ ramaining <B0% 90-150  100-180  <14080 Stan uniess
(Multiple coexisting chronic life expectancy, high contraindicated
ilnesses® or 2+ nswumental  treatment burden, of not tolerated
ADL impairments of mild o hypoplycemia vulnerability,
muoderate cognilive fall risk
Iimpairmeant)
Very complex/poar health Limimd remaining bfe <B5%° 100160 10-200 <150/90 Consider
(Long-term care or end-stage  expectancy makes likelihood of
chronic linesses” or moderate  benefit uncertain benedit with
to severe cognitive impaimment statin (secondary
or 2+ ADL dependencies) prevention morg

50 than peimary)

0% Americen Gerat ks Sochety
1 M Sus Kk, o8 nl Dinketm in obbes adubs D010 111 Uige 12036

Treat-to-Target Example

* Hypertension
Joint National Committee on Prevention, Detection, Evaluation, and

Treatment of High Blood Pressure
target BP
140/90 mm Hg to reduce the risk of CVD

130/80mm Hg when DM or renal disease

* Hypercholesterolemia

Coordinating Committee of the National Cholesterol Education Program
LDL-C

<100 mg/dL  CHD
<130mg/dL 22 risk factors
<160mg/dL 1 or none

J Clin Endocrinol Metab, March 2013,

Indicator

1. Diabetes: A1c
2. Hypercholesterolemia: LDL cholesterol

3. Hypertension: BP
4. CRF: GFR, Creatinine

dgerechagats) A4rs aszt | 155
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How about osteoporosis?

BMD?
BTM?
Vitamin D?
Calcium?
Fracture?

A

« K=o SBE L0 = A A7}

Mk

CrE32l 89

reduction in the strength of bone that leads to an increased
risk of fractures

Bone Bone
= Quality + RGLEEL
Densit
Architecture
Turnover rate
Damage accumulation

Degree of mineralization

NIH Consensus Development Panel on Osteoporosis. JAMA 285:785-95,2001

OrFLO= X% H
=055 282 gYo|H
3} 57 71 g A
249 F7} R H O SFwan, a4129)
\ / Architecture
v Zae ‘[I;umoverrate "
amage accumulation
(%E}%%} Degree of mineralization

|

3] — 22 — (MR
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Goal of osteoporosis therapy

* Prevent ﬁrst{fragility fracture or future fractures]if one has already occurred

+ Stabilizelincrease bone mass

* Relieve symptoms nfand.r'or skeletal deformities

+ Improve mobility and functional status

+ Initiate lifestyle changes to enhanl:e[prevenlion offraclures]

Prevention of Fracture!

Vitamin D

ORIGINAL ARTICLE

Endocrine Care

Vitamin D Insufficiency in Korea—A Greater Threat to
Younger Generation: The Korea National Health and
Nutrition Examination Survey (KNHANES) 2008

Han Seck Choi, Han Jin Oh, Hoon Choi, Woong Hwan Choi, Jung Gu Kim,
Kyoung Min Kim, Kwang Joon Kim, Yumie Rhee, and Sung-Kil Lim

n l wMale
3

E @Female

TABLE 2. Mean serum 25 (OH)D levels by participant characteristics in adults (n = 5,921)

Male Female
Serum 25(0H)D Serum 25(0H)D
Factors Level, ng/ml P value® Level, ng/ml Pvalue®

Age group, yr

20-29 18.1(7.0) 16.1(5.7)

30-39 206(7.3) 173(6.2)

40-49 21.4(7.0) 174(6.5)

50-59 229(716) 19.9(7.5)

60-69 238(71.5 20.0(7.9)

70-719 23.0(83) 1

=80 2078.1) <0.001 <0.001
el Aape, yr

FIG. 1. Change of mean serum 25(0H)D levels stratified by 10-year
age categories. To convert 25(0H)D levels to nanomoles per liter,
multiply by 2.496.

CHS=S 2| 29| Target2 A7 (T-score or Fx Prevention or Bone Turnover Marker?)
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Vitamin D supplement

« 100IU vitamin D supplement -> 1.0ng/ml &%

160 -

140

S 12

E - .

g -

= 100— -

z

3

L] -

Q 80— o J. }

=5 -

S -

z 60— . -

S “ -

E

H] a0 I* . -

& %

0
0
T T T T T T T
400 800 1600 2400 3200 4000 4800
Vitamin D Dosage, IU/d
Bascline Week & Week 16
Group n Mean + SD n Mean = SD n Mean = SD

ALD/DS600
Vit D insuffi 49 1228+ 146 46
Vit D non-insufficiency at bascline 87 22154539 372
Total 136 18604648 133 2

Change in Vit-D (ALN + D)

20
-
= -1
b .
0 \Weeks 8 weeks 16 weeks

IOF position statement : Recommendations

target 25(OH)D level : 30 ng/mL
vitamin D requirement : 800-1000IU / day
intake increase to 2000IU per day

obese/ osteoporosis

limited sun exposure (L& &)

mal-absorption
Dawson-Hughes Osteoporosis Int 2010

ESCEO 2013 Recommendations

target level :  20ng/mL
fragile elderly with 1 risk for fall& Fx : 30ng/ml
=2 QT2 UL of safety 10,0001U / day

Current Medical Research & Opinion 2013
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CHS=S 2| 29| Target2 A7 (T-score or Fx Prevention or Bone Turnover Marker?)

BMD

BMD PREDICTS FRACTURES

Ten Year
Probability of 30
Symptomatic 25

Fracture (%)

-4.0-3.5-3.0-25-20-1.5-1.0-05 0.0 0.5 1.0

relationship btw BMD change and fx risk

fold
change in

fracture 15

risk

dgerzchazats) A4rs asaz | 159
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increase in BMD & risk of vertebral fx

Chesnut 2000
1999

1999

1999

2000

a 1996
Cummings 1998

Yo reduction in vert. Fx. risk

4 5 6

% increase in BMD

... the mechanism by which antiresorptive
drugs reduce skeletal fragility is explained
only partially by changes in BMD...

Delmas PD. Bone 2000

... the relationship between BMD changes
and fracture risk reduction with
antiresorptive therapies is uncertain....

Marcus R. Endocrine Review 2002

BMD as a treatment target

+ Confounding factors: trabecular bone, cortical
bone, geometry...

+ |SCD recommendation: use BMD, not T-score
for quanatative comparison
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BMD increase does not reflect a proportional to

reduction of relative risk of fracture

Studies A BMD (%) %reduction of fracture risk
PROOF 05 36
(Chesnut et al., Am.J . Med.2000)

MORE 26 30
(Ettinger et al., JAMA 1999)

FIT1 6.2 47
(Black et al., Lancet 1996)

FIT2 6.8 44
(Cummings et al., JAMA 1998)

VERT-NA 5.2 41
(Harris et al., JAMA 1999)

VERT-MN 6.3 49
(Reginster et al. , Osteoporosis Int

2000)

Bone turnover marker

reduction in BTM

CTN /RLX : no decrease BTM more than LSC

baseline

calcitonin

raloxifene

—~
£
i
=
=
=2
e
-
-
=

HRT
risedronate
alendronate

36 months
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BTM as a treatment target

+ Monitor the effect of antiresorptive Tx
Restarting Tx after drug holiday

Limitations
. Assay variability/optimal BTM?
. Availability/Affordability

[y

BTM

Assess baseline BTM levels: fasting serum
BSALP or CTX or PINP

Day0  Start bisphosphenate therapy
3 months  Control BTM lewels: decrease 2 30%
If not:
Check compliance
Check if drug is taken properly (for instance,
not with milk or calcium supplement,
or waters lich in calcium)
Drug storage
6 months  Control BTM levels: decrease > 30%
+ retun 1o premenopausal state
Tyear  Reassess BTM

Fracture risk
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Fx risk as a treatment target

Measure
ment

Parameter Pros Cons

FRAX is an algorithm that is still not familiar
ta many physicians and patients.

Absolute | FRAX is often used to select patients

value | for initiation of therapy FRAX requires extra effort to use and fully
d d. FRAX does not account for all
risk factors for fracture
Fracture
risk

Using a change in fracture risk as a
Change  |target would account for differences
invalee  [among patients in the initial level of
risk

FRAX value may not change, or even worsen
with age, when an effective drug stabilizes
but does not increase BMD
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Indicator?

Table 1. Potential Indic

f Suboptimal Response to Osteoporosis Therapy

[ Indicator ]

Comments

BMD

Decrease in BMD

Fracture

able event that i
@ fracture than prov

Target?

Table 2. Considerations for Osteoporosis Treatment Targets

[ Measurement  Parameter

] Pros.

Cons

BMDfT-score  Absolute value

Change in value

BIM Absolute value

Change in value

Fracture risk  Absolute value

Change in value

DXA is widely available and currently
used to monitor therapy. T-scores
are used for diagnostic
dlassification and to determine
when treatment is indicated
Physicians and patients are already
generally familiar with T-scores.

Osteoporosis therapy is often
manitored by quantitative
comparison of BMD. An increase
in BMD is associated with
reduction in fracture risk.

A target level below or above the
mean value for a healthy reference
population might be used for
antiresorptive and anabalic
therapy, respectively.

Lacking for a significant change
from the baseline value might
avoid difficulties in assessing effect
of therapy when the baseline
value s extremely high of low.

FRAX s often used to select patients
for initiation of therapy.

Using a change in fracture risk as a
target would account for
differences among patients in the
initial level of risk

BMD is one of many risk factors for fracture. Other risk
factors, particularty age and previous fragiliy fracture,
are also impartant predictors of fracture risk. BMD
walues vary with different instruments and at different
skeletal sites. An absolute target may not account for
improvement when the baseline fracture risk is very
high

Mo change in BMD with therapy is also associated with
reduction in fracture risk. There is debate on the.
magnitude of BIMD change and reduction of fracture
risk with therapy. A change in the reference database
is @ confounding factor in comparing T-scores.

An absolute value target may not recognize
improvement from an extreme baseline level. It is
not clear which BTM s best for which drug. Assay
wariability. Timing of specimen collection

Assessing the significance of a change in value requires
knowledge of the LSC, which may vary for each
BTM.

FRAX is an algorithm that is still not familiar to many
physicians and patients. FRAX requires exira effort to
use and fully understand. FRAX does not account for
all risk factors for fracture.

FRAX value may not change, or even worsen with age,
when an effective drug stabilizes but does not
increase BHWD

1. Vitamin D: 30ng/ml 2t= B =3t target, baseline Of [T}
2tAl S OJA| =X| B 2}0f Ci

Su

3

2 3 A%ts

2. BMD: %X 22 #sto| X107} AS. Ol 5 RIS At
=710 thet n2{7 Zdt Z4A|0f= HEA|

mary

o | ta
ot 227t UE. 370, 674

compliance & 2QI5 & O00f &

3. BTM: anti-resorptive agent 2| 23 monitoring O = &
HHY. 30% 0| ZAaA|0l= I4HE E SRS Y
=2 Ifots.

4, FRAX: HotHO| QIOLt EXHOI 12 &= THs
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Conclusion

SFHO X g S5 S| oot
=22 0est7| ¢t ECt552 X[ =00 AN M
S| 7HK| Of = $H74X] indicator & 7HX| 1 k|2

BIHE ot £ ULt

o Z0f S4x AHEO| 7ts 8t BMD, BTM, FRAX
£ =38t o2 0|28||0f s},

S5 2EQ AEdS B A= B
2t0t Indicator 2| 7HE 1t O ¢t AHATLS
O| A& O| F0{XOf stLt,

Thanks For Listening.
Questions Welcome!

PLEASE Dow'r

WACTE THE
| DocTor's

X | TME Wit
4 9) | QuesTions
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Definition of
Osteoporosis

20352 2 a0z o
ZH0| 20| A7 87} 2}
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Hip Froctures

Wrist Froctures

Osteoporosis Medication

71" HE

CERES

HAEAZLO|E

oy zER

NeH o222 48K

ZHH (SERM)
RANKL Y 5|

alendronate, risedronate,

pamidronate, ibandronate,
. i I

zoledronic acid &

estrogen=progestogen, tibolone

raloxifene, bazedoxifene

denosumab

2YE5UN  RLYHEEN

Anti-sclerotin antibody

teriparatide, teriparatide acetate

Romosuzumab
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Actions of Bisphosphonates
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Osteoctast ends i o P i e .

HMG-Cok=3-drory-3-methylgiutaryl coentyme &

22 olo) A Alg |

Variations of femoral or lumbar spine BMD and of two bone turnover markers (urine
NTX or bone alkaline phosphatases) in the extension of phase 3 study with

Alendronate in postmenopausal osteoporosis

B (%)

Changs in TetabHip

—@Alendronato Smg/dieper 10anni 4 Alendronato 10 mgidie per 10anni
4 Alendronato 10 mg/dieperS anni, sequitida 5 annidi follow-up senza terapia

Adami, 5 idolazzi, L., Fracassi E,
Gam, D, & Ressii, M. {2013)
Osteopoenss reatment: when 1o
discontinue and when o re-start. Bane
research, 1(1), 323-335

Changes in femoral neck BMD and urine NTX in patients of VERT-MN study participating in

the extension study.

the return to pre-treatment levels of bone turnover and BMOD occurs after about one year in patients

treated with RIS and five years in those treated with ALM for 4 years,
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Adami, S Wolazzi, L., Fracassi, E., Gatti, D & Rossini, M. [2013) Osleopoross ireatment when 1o discontinue and when lo re-starl. Bone research, 11}, 323-235.
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IMPACT OF FDA'S SAFETY ANNOUNCEMENTS ON BISPHOSPHONATE USE

FDA safety announcements

Osteonecrosis iz‘\‘\ i \\ .
ofthe jaw (ON) in May 2005 : \\
Atrial ibrifation in k| . e
October 2007 | L. . .
R LT
.. .
Atypical femur fracture in .
March 2010 e r——r— --
m NN D MY NN NN NG NN DU M
Your
Fig. 1 impact of 504 safety thy fractu
the : :-( e o et f the jaw, mickele for arial
right for Fra
flone Miner Fss 9016 s 11 el 100 1000 e I3

Managing Osteoporosis in Patients on Long-Term Bisphosphonate Treatment: Report
of a Task Force of the Amernican Society for Bone and Mineral Research

Approach to the management of postmenopausal women on long-term bisphosphonate therapy.

However, there Is no real evidence that the

Pest-menopausal wemen treated with oral [z Sym)
or V{23 yn] By interruption of therapy prevents complications,
I and the oplimal length of the interruption is

preggr | Increased risk (40%) for fractures during the drug h
v N -
o Ne 2, e
) é“ b2 . Continuous treatment group
mmu“u_ of ;; o Y '\,._
n:oumnm o i " kl’.
3 ¥ 'Drug Holidey' group
fn
Yo 3 B | toprankip=00006
f Foy drug holiday 0 5 10 15 20 15 3 35 felwn(months]
Mnﬂ-!hqnny:w ) R Fig. 4 Free-fracture survival curves aficr the end of the first sequence
l;::utwuﬂ'!w

Joumnal of Bone and Mineral Research, Vol, 31, No. 1, January 2016, pp 16-35
Osteoporcs Int (2017) 28:3431-3438
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2010 FDA safety communication

- i
seeessteg q0ntrene,
L Ak

o
-

o
>

=
-

:
:
!

a
1]

Bt e At poph Brdd g A-ﬁH"A

uhuwn*uﬁuanauwuxﬁﬂﬁﬂmhi

8355835533558355835883 093 3355338

42

: Zl_@_ OI:Z«“O' _,_7\|-X‘| A}.B_

Market share
of osteoporasi
s drug defined

daily dose in
the medicaid

fee-for-
service

program (Q3
2006-Q2

2014).

igigir issiﬁgiiiii AAR n:a: Arxana

Saudi Pharm J. 2018 Feb;26(2):238-243. doi: 10.1016/j.jsps.

Osteoporosis Medication

71H HE pERS
alendronate, risedronate,
H|AZAZYO0E pamidronate, ibandronate,
zoledronic acid 5
25201 odz2R estrogen=progestogen, tibolone
aRoAseASEH .
XM (SERM) raloxifene, bazedoxifene
RANKL S H|| denosumab
SEYENN  RUMHD2EH teriparatide, teriparatide acetate
Anti-sclerotin antibody Romosuzumab

ia) 8ok =4 a2 s 227
Denosumab (Prolia) <7 et =1 2227 2abt

LiefLiol
+ N8 HSF
1LHZE 5 04 S0E3 8xlel K2
2, B4 EC3E WA SRS BB AT AR

ERES=F, bt =R b4 ]

4 OZOlERH] Ml B2 YE WD e oY RUY ene 244 N8
© AEH O MY
» HUBYSO0| QIS X|E ME HOWEN DHEHO EICH

+ HEFRIp BEO SIoB HE AT H 25 ATHO B,

+ 67HE DT Y YT B2

Sl HHoY HY MR BRlL 22U AR

550 Tidh subcutaneous) TAF BHCE

+ BF BAhE S 1000 mgd} HIEFRID 0010 O] 4§ DY & B0} BiTh

hitpsef Jerf=mediaf mgercomj) gen-co-krfdownloads/

_pi_kmrean

qerztiazsts) A478 @
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Mode of action
: Bisphosphonate vs Denosumab
201359 70
Bisphosphonates Denosumab { AANK ool 2 HEE
St A=0hs RANKY
Yowouro AT THEHE
23 ANst=
Fully human lgG2
Peosuma  monoclonal antibody

Modfied from red

Denosumab> Bisphosphonate %)
=] GH XA F7t EQ1

Effect of Denosumab ation on Bone Turnover Markers

Phase 3 Prevention Trial - Extension Study

4 Placebo (n=128) @ Denosumab 60 mg QEM (n = 128)
Serum CTX Serum PINP

Off Treatmant

Maedian Serum Level
(e fL) [Interquartile Range]
s = = &

.

Median Serum Level
{ng/mL} [Interquartile Range]

L o o e L TTTTTT T T T T

01 Gl MON ¥ 2 & 01 6 10021618 MI730 36 4 48
Manths Manths

Adapted from: Bone G, et al. | Cin Endocring| Metab. 201136972580
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Percentage change from month 0 in Lumbar Spine (A), Total Hip (B), and 1/3 Radius (C)

over 48 months

>
w

Lumbar Spine Total Hip C 1/3 Radius.
ek Placeby @@ Dencsumad 5 aaPiacsto @@ Denosumab ok Piacebo @@ Dencsumab

L]

Percent Change From Baseline
-
Percent Change From Baseline
& L o

Parcant Change From Basaline

b M LA o - mow e N oD

& A
'S

W6 12 2430 3% 42 4 006 12 24030364248 0 12 2430 %4248
Study Month Study Month Study Month

Henry G Bone et al. J Clin Endocrinol Metab. 2011 Apr;96(4):972-80.

AT 3|2 ool 23t AR

Incident rate ratios per 100 patients-years among denosumab discontinuer vs.

persistent user: from a large healthcare provider

Overall fractures I 3 A 2 TlmeS

Vertabral fractures . 4.7 Tlmes

Multiple vertablral '
tatea 14.6 Times

Bone 2020 Jan:130:115150.

Clinical Guideline for

* Position statement by A systematic review and position statement by ECTS (2017)

* Patients and physicians should be aware that treatment with denosumab should not be stopped
without considering an alternative (antiresorptive) treatment.

* Endocrine Society (2019)

* In postmenopausal women with osteoporosis taking denosumab, administration of denosumab
should not be delayed or stopped without subsequent antiresorptive.

* AACC/ACE Guideline 2020 update

* Il treatment is discontinued, patients should be transitioned to an alternative antiresporptive therapy.

[W2HA prolia M2 70 prolia X1 2 2 CHE 2E+AHH Q|
H20{ N 20 CisfM 20| 2o FUct.

iy

Y13

o7
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Limited data are available on
patients transitioning from
denosumab to
bisphosphonates, such as

alendronate

Bone Mineral Density After Transitioning

Denosumab to Alendronate

Final results of the DAPS (Denosumab Adherence Preference Satisfaction) study: a 24-month,
randomized, crossover comparison with alendronate in postmenopausal women
Tetsl Hip.
Vigits: Dn’i Mosthé  Month 12 Morth 18 Month 24

MW‘U‘ wquance

Calcium and Vitamin ﬂ"

MNNMII sequence.

4 Monthy

Osteoporos Int (2012) 23:317-326
J Clin Endocrinol Metab 105: e255-e264, 2020

Bone Mineral Density After Transitioning
Denosumab to Alendronate

Gained
Fumal results of the DAPS (Denostmah
Adherence Preference Satisfaction) siudy; 2 14-
month, mndomized, crossover comparison sith o el
abendronate i postmencpansal women "—. =

Osteoparas Int [2012) 23:317-326
J Clin Endoeringl Metab 105: e255-e264, 2020
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a single Z0L infuson !
307 maintained around 60% of the l

BMD gains at the LS and TH
achieved with Dmab during
the following 25 years

Bone loss after denosumab:
only partial protection with
zoledrona

% Change Spine BMD

Effects of denosumab followed by zoledronate on

BMD in pausal women with 155,

Changes in BMD from the time that denosumab was

initiated are shown as mean and 95% confidence

intervals. Denosumab was administered, 60 mg

every & months, from 0 to 7 years, then a single

infusion of zoledronate 5 mg, given at year 7. BMDs

were measured 18-23 months after zoledronate

% Change Total Hip BMD

|

No i were given

between years 7 and 9

Calcified Tissue International volume 101, pages

T achieved 73% retention of the BMD gains at the LS
i | and B7% retention of the gains at the TH
£ 15
Zoledronate was !’i ’
given after a median cLAm M- i
- Bty Esd +1y E Spine . .
from gaame mm 3% ampan L
trial-end : in the hope n
. . 1] 100 w0 300 400
that this might g ”
increase skeletal g .
- 3 L -
uptake of the drug Jup e .
& Ll l. .l
0]-—'—:—r—|
1] 1m0 Fi 00 an
Dencsumab-Zol Imerval i)
“._-,::.' Retcasicn of BMD pue 2 puteen veaed wieh mbdoca:
Calcified Tissue International u&;:u%;%:ﬁ fhwrwe ue
volume 103, pages55-61(2018) prebirpe s e

Solling, A 5., et al (2020). Journal of Bone and Mineral Research. hitps:/fdol.org{10.1003 ffomr.A058
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Treatment with Zoledronate Subsequent to Denosumab

in Osteoporosis: a Randomized Trial

Solling, A 5., et al (2020). Journal of Bone and Mineral Research. https://dol.ong/{10.1002 ffomr4058
Tabls 2. The Prapomion of Pysents Whe e 1= Santan WD)
] ™
L g LMD T el ] a0 e
. h - ! al Beorh e 1 = 21 [T [T] 118 am )
ot g 0 e Vit 118 9 Pt
Obearvation g i = 18 un ne 1168 mn 1a3n
: v P o a e w1
| { | T T e s PR AR ———
: | L+ o ey e R s A I o A DA
i | [
8.1 | |
{ | x s In patients discontinuing DMAB after long-term
i | 2 treatment a single intravenous infusion of ZOL 5 mg
| = . " qiven 6 or 9 months after the last DMAB injection or
- i e mes When bone turnover is increased is not sufficient fo
‘Incidant vertebral fractures ware seen in two
wemen in the S group. | completely prevent bone loss.

A Single Infusion of Zoledronate in Postmenopausal Women Following Denosumab Discontinuation
Results in Partial Conservation of Bone Mass Gains

B e ]

Saaaa s e

:_,_...[.||||1|.. .

the gained BMD and was not

2s50ciabed with muitipls vertecral i &5 e00rmed In patients who
2 mean afttraaiment inferval of 268 mont discontinsd danasumad without subsequent bisphosohonals

1 Bone Miner Ries, 2020 Juk35(7):1207-1215, ded: 10.1002/bme.3962. Epub 2020 Feb 11.

Effect of risedronate on bone loss at discontinuation of denosumab

Laroche, M_ et al. (2000, Effect of nsedronate on bone oss at disconbinuation of dencsumab. Bone Repars,
100280
+ The patients started risedronate (RIS] treatment six months after the last denosumab injection

+ The risedronate regimen was one 35 mg ta-blet per week for 3 months.

Three months of risedronale freatment
does not prevent bone loss in palients
‘who have not been treated with
before d
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Effects of follow-on therapy after denosumab discontinuation in patients with postmenopausal
osteoporosis
Change in s TRAGR.58 level (%
[ -‘l’:.m id)
DU .-m-;;me?mm-n.-
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Ebina, Kosuke, etal, Modem Rheumalology just-accepted (2020): 1-21
Denosumab & £ & OfE 7| 840 StLtR? (gel)
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Bone Density After Teriparatide Discontinuation

in Premenopausal Idiopathic Osteoporosis

a Change in BMD on Teriparatide
- Compared with the time of
. Pt B B . teriparatide completion, BMD
- P - - |- ! measured at the follow-up
T - ie I b : o timepaint 2.0 0.6 years after
ol 7 - Y - " teriparatide cessation had
wr— oL e —— declined significantly at the LS (-
S e — " 4.844.3%; P = .0007) but
b Change in BMD after Teriparatide Cessation remained stable at the FN (-1.5¢
= [, — M 4.2%), TH -1.1£3.7%), and 1/3
- o - T - N radius (+0.242.5%); Figure 18.
Figura 1, &, Change in BMD on teviparatice for the 15 women induded in T study. 8, Change in BMD 1.0 = 0.6 y e teriparaticie cessaion
Graphs are shown = SE. For pesoent change v bansleer *, P 05 **, P< 01, ** P < 001
J Clin Endocrinol Metab. 2015 Nov; 100(11): 4208-4214.

Bone Density After Teriparatide Discontinuation

in Premenopausal Idiopathic Osteoporosis

Lumbar Spine Change in Individual Subjects
20% | n

%
20% |

40% |

0% |

A% |
100% |
120% |
0% 4
TPTD 2 Yoars after
Completion TPTD Complation

Figure 2. BMD loss at the LS 2.0 + 0.6 y after teriparatide cessation
was quite vaniable.

J Clin Endocrinol Metab. 2015 Nov; 100(11): 4208-4214.

Denosumab and teriparatide transitions in postmenopausal osteoporosis
(the DATA-Switch study): extension of a randomised controlled trial

Famoral Neck.

DEDWa BT

.
1 | - 1
| Comparaet § . o meprese. [T P —— | o § s of ot
| et 3 racd - woed
i e =) Nty | 3 St
v

I || T
vt LA | - i 1 . o DA
'S 3
X T
=E0E] )
T S e —

Leder, B. Z,, et al. (2017). Bone, 98, 54-58.
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Froom ALY g2 Dom o AL {1 year} Bimsl

- From oral 89310 Desab oo 1N {8 yer|

W04 g OvOLfappron)  Greaterwith Deab

ATn ks Linnr 0 Groseer with Dma

. From AL 23 Dmats or 25 1 year) s i uuv 1400 L Gremer with Dmab
- From 20Lto Demab or 204 {4 yeur) 44 A WA N Grexter with Desay
. From orsl 8P4 o Desab o 08 {1 yeur] m -s Lmalr LTET Grewter with Drab
1. Journal of Bone and Mineral Research 2010 25 T2-81. . 2. Obstetrics and trvn 1299, : 3. Bone 2014 58 48-54. ; 4. Ostenporosis
International 2015 26 2821-2527. . 5. Joumnal of Climical Endocrinology and Metal 3170,

Denosumab and teriparatide transitions in postmenopausal osteoporosis
(the DATA-Switch study): extension of a randomised controlled trial

| B women completed 1 yeurs
| ol the DATA sy
L2
[ Meorgend 1yndl H completed 2 yean of 1 omgieted e of
| — arrcuras tomtratan
Yean1-2 Vean 34
hed e i . *
[0 et ety cotara ot o pantcgute) ety tena e
s v et ) 15w feactame ok
L3
1 vwechedto demcusmub, 20 weithed s terputide, Hymchedts desomm,
incuded in modkdod ITT incldedie modbed T nchaded i ekl 11T
waina i ainn
4 dncontioud jcossend 4 docontinoed
Figure 1: DATA-Switch study design [ b o <_-<m|-.-lam
Tadvre rven
T comgieted yuan o T3 compited Ty ol 18 omgletnd I v of
ey et denousmaby
. " | e 2 Trial prokle:
Lancet 2015; 386: 1147-55 G e
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In postmenopausal osteoporotic women switching from teriparatide to denosumab, bone
mineral density continued to increase, whereas switching from denosumab to teriparatide results

in progressive or transient bone loss.

Romosozumab Treatment in Postmenopausal
Women with Osteoporosis

N Engl J Med 2016: 375:1532-1543 -
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