Bind to
bone mineral

A

Concentrate at sites
of bone resorption

Release and
intracellular uptake
during resorption

Loss of resorptive
runction

BP = bisphosphonates
Courtesy of Professor M. Rogers.



Bisphosphonates Pharmacokinetics

Food (eg Ca) interferes Fast and 'complete’
with absorption uptake into bone. 20-80%
ﬁ
—
Intestinal Slow release
Absorption is from bone
low; 0.5-10% N\

{7 No biliary
) s secretion

VaRaroR e
ETRERN

Urine is main route of
* elimination. No metabolites

Russell R, et al. Osteoporosis Int. 1999




Affinita di legame alla componente
minerale dell” osso




BP BP BP BP
High
re-uptake

Low

re-uptake

HIGH AFFINITY FOR HAP LOW AFFINITY FOR HAP

DERIVATO DA: Russel RG. et al. Osteoporos Int. 2008;19:733—-59



Modello proposto per 'effetto dei BPs
su Osteoclasti e Osteociti

Bisfosfonati

s ’ .

_ osteociti
osteoclasti osteoblasti

Apertura dei canali Cx43

Inibizione della via del ed attivazione di ERK

mevalonato

apoptosi sopravvivenza

Plotkin, Bellido et al. Bone, 39:443-452, 2006



Inibizione di FPP
sintetasi

Funzione dello
osteoclastae I  pagita della

. apoptosi
sopravvivenza

funzione
dell’ osteoclasta

Russel RG. et al. Osteoporos Int. 2008;19:733-59



Bisphosphonates:
Key Pharmacological Characteristics

50
40

30

20

10

0.0



Affinita di legame alla componente
minerale dell’ osso

ml



CLODRONATO

Low

re-uptake

e -
b

a5

LOW AFFINITY FOR HAP HIGHER DIFFUSION AT DIFFERENT
BONE SITES

DERIVATO DA: Russel RG. et al. Osteoporos Int. 2008;19:733—59



5 Vengono Internalizzatl nell'osteoclasta
dndanaone ad alterare [a tunzionalita e
[avorenaone |'apoptosl

7/ E1100NONIIaSCIa I OCAIMENE0ATANIEN|
[1aSSOIDIMCNIOJOSSED

e Si legano all'HAP, diffondono e si accumulano

% BP inattivi
(intrappolati nell’osso)
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Clodronate Reduces Vertebral Fracture Risk in Women With
Postmenopausal or Secondary Osteoporosis: Results of a Double-Blind,
Placebo-Controlled 3-Year Study

Eugene McCloskey, Peter Selby, Mike Davies, John Robhinson, Roger M Francis, Judith Adams, Karthik Kayan,
Monique Beneton, Tarja Jalava, Liisa Pylkkinen, Juha Kenraali, Sakari Aropuu, and John A Kanis

Incidence of Vertebral Fractures

(%) 50
Placebo O Clodronate
RR 0.35 (0.16-0.76)
40

RR 0.54 (0.37-0.80)
RR 0.63 (0.40-0.98)

Stratum | Stratum I

FIG. 2. Incdence of vertebral fractures over 3 years in osteoporotic
women. Clodronate 800 mg daily significantly reduced the incidence in
all women, with simlar effects in women with uncomplicated post-
menopausal osteoporosis and with secondary osteoporosis.

J Bone Miner Res 2004:19:728—736.



Clodronate Reduces the Incidence of Fractures in
Community-Dwelling Elderly Women Unselected for Osteoporosis:
Results of a Double-Blind, Placebo-Controlled Randomized Study

Eugene V McCloskey," Monique Beneton,” Diane Charlesworth,' Karthik Kayan,® Dominic deTakats,® Abhijit Dey,!
Jane Orgee,! Robert Ashford,' Martin Forster,' Jennifer Cliffe,' Linda Kersh,! John Brazier,? Jon Nichol,?
Sakari Aropuu,* Tarja Jalava,* and John A Kanis®

Placebo
Clodronate

-
o

2
©
T
g
B
o
o
'S

-
o

No. at risk Time in years
Placebo 2232
Clodronate 2203

FIG. 3. Kaplan-Meier plot of incident clinical fractures over en-
tire study duration.

J Bone Miner Res 2()()'7#21:135—141.
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Once-Yearly Zoledronic Acid for Treatment

of Postmenopausal Osteoporosis
Dennis M. Black, et al

[ Placebo [ Zoledronic acid

Relative risk, 0.30
P<0.001

10.9%
Relative risk, 0.29

P<0.001
7.7%

—_
<

Relative risk, 0.40
P<0.001

3.7%

Fracture (%)
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B Hip Fracture C Nonvertebral Fracture

: 12
Hazard ratio, 0.75 (8
P<0.001

Zoledronic acid

Cumulative Incidence (%)
Cumulative Incidence {%)

Month Month
No. at Risk No. at Risk
3875 3807 3674 3553 3494 3387 3151 Zoledronic acid 3761 3586 3428 3335 3201 295
3861 3806 3694 3577 3499 3397 3144 Placebo 3759 3589 3423 3299 3151 28%

Med 2007;356:1809-22.



Effect on vertebral fracture risk

Osteoporosis Established
osteoporosis®

Alendronate
Risedronate
Ibandronate
Zoledronic acid

HRT

Raloxifene
Teriparatide and PTH

Strontium ranelate

N
N
N
N
N
N
N
N
.

Denosumab

Clodronate

Effect on non-vertebral fracture risk

Osteoporosis

NA

NA

NA

NA

n

NA

NA

+ (Including hipb)

+ (Including hip)

Established
osteoporosis®

+ (Including hip)
+ (Including hip)
4b

4©

+ (Including hip)
NA

d

+ (Including hip®)

+°



Effect of Osteoporosis Treatment on Mortality: A

Meta'A“a|y5|5 Mark J. Bolland, Andrew B. Grey, Greg D. Gamble, and lan R. Reid

Articles identified
by initial search
(n=5196)

Potentially relevant Treatment Control Relative Risk
articles identified Study niN n/N [95% Confidence Interval]

and screened for

retrieval (n=367) Harris 1999  15/813 16/815 : 0.94[0.47,1.89] 23
Articles excluded from analyses Reginster 2000  11/407 17/407 0.65[0.31,1.36] 20

Duplicate publication (n=108)

Ineligible study population {(n=80) MCC".II’IQ 2001 114/3162 127/3184 0.90 [071‘ 116]

Study design (n=53)

Dose of agent (1-37) Meunier 2004 29/826  21/814 136[0.78,237] 37
Duration £ 12 months (n=63)

Deaths < 10 (n=6) Reginster 2005 142/2526  159/2503 0.88[0.71,1.10] 236

Deaths not reported {n=10)

Black 2007 130/3862  112/3852 116(0.90,148] 184
analyees (1719) Lyles 2007 101/1054  141/1057 072[0.56,091] 196

. _ Cummings 2008 70/3902 90/3906 0.78[0.57,1.06] 119
Study flow diagram
Total 612/16552 683/16538 0.89[0.80, 0.99] P=0.036
Test for heterogeneity: I =37%,P=0.14

Ly

05 07 1 14
Favors treatment  Fawors control

J Clin Endocrinol Metab 95: 1174-1181, 2010



Osteoporosis Medication and Reduced Mortality Risk

in Elderly Women al'ld MEI‘I Jacqueline R. Center, Dana Bliuc, Nguyen D. Nguyen, Tuan V. Nguyen,
and John A. Eisman

BP

HRT

CaD

No therapy
General popu

) 0
15 0
Time, years

FIG. 2. Kaplan-Meier survival curves according to osteoporosis medication for women with
osteoporotic fractures aged 60-74 yr (A), aged 75+ yr (B). The P value refers to differences

J Clin Endocrinol Metab 96: 1006-1014, 2011

between treatment groups.




RISCHI ASSOCIATI ALLA TERAPIA CON BISFOSFONATI

Osteonecrosi della
mandibola

Fratture atipiche del
femore

Fibrillazione atriale
Cancro dell’'esofago

Disturbi gastro-intestinali

Alterazione della
funzione renale

Sindrome influenzale
Ipocalcemia

Alterazioni infiammatorie
degli occhi
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Number Needed to Treat to
Prevent One Fracture

Medication (Clinical Trial)

Alendronate (FIT I)*
Alendronate (FIT II)°
Risedronate (VERT NA)°t

Vert fx  Non-vert fx  Hip fx

14 36 90
60 68 447
20 31 276
9 20 203
NA 56 91
13 37 91
NA 32 67
NA NA

NA NA

NA NA

(
Risedronate (VERT MN)’t
Risedronate (HIP)®
Zoledronic acid (HORIZON PFT)?
Zoledronic acid (HORIZON RFT)**
Ibandronate (BONE)™t
Alendronate (Men)"’
Risedronate (GIO)™

A R VE R VS I UL SUR UL R VS I SURR U R B




Bisphosphonate Therapy for Osteoporosis: Benefits,
Risks, and Drug Holiday

Table 2 Recommendations for Drug Holiday from Bisphosphonates

Patient Category

High-risk:
T-score still =—2.5 at the hip,
previous fracture of the hip or spine
or ongoing high-dose glucocorticoid
therapy.

Moderate risk:
Hip bone mineral density value is
now >—2.5 (T-score), and no prior
hip or spine fracture.

Low risk:
Did not meet current treatment
criteria at the time of treatment
initiation.

Recommendation

Drug holiday not justified.

Consider drug holiday after 3-5 years of
alendronate, risedronate, or
zoledronic acid therapy.

No information about ibandronate and
drug holidays.

Discontinue therapy

Michael McClung,et al

Comment

Re-assess the need for therapy at
regular intervals.

These patients should not be forced to
take a drug holiday—decision
should be an individual, informed
choice with discussion of the
potential benefits and risks.

Re-start when indications for therapy
are met.

The American Journal of Medicine (2013) 126, 13-20




MONITORAGGIO DELLA VACANZA TERAPEUTICA

Significativa diminuzione della densita ossea
Aumento significativo dei marcatori ossei

Rivalutazione dei pazienti dopo 2-3 anni

dall'interruzione della terapia con la valutazione
del rischio di frattura con le carte del rischio

Comparsa di una nuova frattura da fragilita



NUOVI SCHEMI TERAPEUTICI

* Terapia sequenziale

— Bisfosfonato » farmaco anabolico
— Farmaco anabolico n— bisfosfonato

* Terapia combinata



One Year of Alendronate after One Year
of Parathyroid Hormone (1-84) for Osteoporosis

-l Parathyroid hormone— -@- Parathyroid hormone- -#~ Combination-ther apy— -9~ Continued-alendrona te
placebo goup alendronate group alendronate group group

Total Spine Femoral Neck
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2

0

Mean Change (%)
Mean Change (%)

Figure 1. Mean Percent Changes from Baseline in Areal Bone Mineral Density at the Spine, Hip, and Distal One Third
of the Radius, According to Treatment Group.




Effects of Intravenous Zoledronic Acid Plus
Subcutaneous Teriparatide [rhPTH(1-34)1 in
Postmenopausal Osteoporosis Felicia Cosman etal

>
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Journal of Bone and Mineral Research, Vol. 26, No. 3, March 2011
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The future of osteoporosis treatment - a research

update Kurt Lippuner

Current treatment paradigm

2. Bone anabolic substances:
Lost microarchitecture cannot

1. Inhibitors of bone resorption:
Slow down the loss of

bone mass and
microarchitecture
(3to 6 ys)

EEEENEEEEED
L]
n
]

Beginning
osteoporosis

L

1. Bone anabolic substances:

Maximize bone mass and
secure microarchitecture
(eg.1y)

be recovered even if
bone mass increases
{(up to 2 ys)

EEEEEEE D

2. Inhibitors of bone resorption:
Restored bone mass and
microarchitecture are preserved
(up to 6 ys or even longer?)

Future treatment paradigm

Swiss Med Wkly. 2012;142:w13624



