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ORIGINAL ARTICLE J B:N[R.®
Effectiveness of Oral Bisphosphonates in Reducing G IOP KOl Aq)

Fracture Risk Among Oral Glucocorticoid Users: Three
Matched Cohort Analyses

M Amine Amiche,'? Linda E Lévesque,’? Tara Gomes,*3 Jonathan D Adachi,* and Suzanne M Cadarette'?

Unexposed (reference) Exposed Unexposed HR [85%ClI]
Alendronate Hip 20 38 - 0.46 [0.25-0.80]
(n= 3,945 pairs) Vertebral 80 147 . 0.52 [0.39-0.68]
Forearm 16 26 . 0.73[0.38-1.39]
Humerus 9 10 . 1.00 [0.35-2.85]
Etidronate Hip 81 93 . 0.87 [0.65-1.17]
(n= 8,464 pairs) Vertebral 145 243 . 0.59 [0.48-0.73]
Forearm 27 40 . 0.73 [0.44-1.20]
Humerus 16 27 . 0.61 [0.31-1.18]
Risedronate Hip 30 52 . 0.58 [0.36-0.90]
(n= 5,825 pairs) Vertebral 96 190 . 0.47 [0.36-0.60]
Forearm 33 36 - 0.97 [0.60-1.58]
Humerus 21 21 - 1.05[0.57-1.94]
All bisphosphonates Hip 131 183 . 0.71[0.57-0.89]
(n=18,234 pairs) Vertebral 323 552 - 0.58 [0.51-0.66]
Forearm 76 98 . 0.81 [0.60-1.11]
Humerus 46 56 . 0.85[0.60-1.21]

H aAevdpovatn petwvel katd 50% ta oTtovSUALKA ] ————
KOLTALY LOLTOL KOLL TOL KOLTALYLOLTOL TOU LoXiov o€ acBeveig 002 06 112 16 222

TIoU AQBAVOUV HOKPOXPOVIWG KOPTLKOELSN Amiche MA, J Bone Miner Res. 2018 Mar;33(3):419-429
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EvkekpLUEVEC Oepameiec oTnv ooteonopwon ano to FDA

Table 2 Food and Drug Administration-Approved Indications for Osteoporosis Treatments?2-46.49-517175.78,84-86,88,89,93,97

Treatment Prevention Treatment Treatment Prevention
Drug (Brand, Manufacturer) of PMO of PMO (men) of GIO of GIO
Alendronate (Fosamax, Merck) X X X X X
Alendronate/cholecalciferol (Fosamax Plus D, Merck) X X
Alendronate effervescent (Binosto, Mission Pharmacal) X X
Risedronate IR (Actonel, Warner Chilcott) X X X X X
Risedronate DR (Atelvia, Warner Chilcott) X
Ibandronate injection (Boniva, Genentech) X
Ibandronate tablets (Boniva, Genentech) X X
Zoledronic acid (Reclast, Novartis) X X X X X
Denosumab (Prolia, Amgen)® X X
Raloxifene (Evista, Lilly USA) X X
Conjugated estrogens/bazedoxifene (Duavee, Pfizer) X
Teriparatide (Forteo, Lilly USA)® X ¢ X
Abaloparatide (Tymlos, Radius Health) X
Calcitonin-salmon? X

3 Also indicated to increase bone mass in women and men at high risk of fracture without osteoporosis.

® Treatment only for those at high risk of fracture.

€ Increases bone mass in men with primary or hypogonadal osteoporosis at high risk of fracture.
4 Miacalcin injection (Novartis) is indicated for the treatment of PMO in women more than five years postmenopause when alternative treatments are not suitable.

GI0 = glucocorticoid-induced osteoporosis; PMO = postmenopausal osteoporosis.

Tu KN, P T. 2018 Feb;43(2):92-104
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UK clinical guideline for the prevention A!.')XLKI] em)\oyn:' OL
and treatment of osteoporosis TPOOPATEG CUCTAOELS

otnv Oepaneia tng

J. Compston' - A. Cooper? - C. Cooper™ - N. Gittoes* - C. Gregson” - N. Harvey" -
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DaAPUAKEVUTIKN MOPEUBOACN OTLG LETEUNVOTIOUCLOKEG YUVALKEG

1. «H AAevépovatn N n puledpovarn eival n Bepaneia mtpwtng yPoLRUAC
OTNV TTAELOVOTNTA TWV TMEPLNTWOEWV. X€ YUVOIKEG HE duoaveéia N
avVTEVOELEN oTa Ao TOU oTOpATOoC SLpwodovika, To evbopAEPfLa
Sipwaodovika i to denosumab eivatl n kaAUtepn evaAlaktiki Oepaneia,
HE TNV paroéidEvn 1 Ta olotpoyova oav emAEov erntAoyEg. To upnAo
KOOTOC TNG TEPLTAPATIONG TEPLOPLIEL TN XPRON TNG OTLG YUVALKEG TTOAU
uPnAol KIvdUVoU, ELOLKA YLOL GTIOVOUALKAL KOTALYHLOTALY.

Compston J, Arch Osteoporos (2017) 12:43
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journal homepage: www.elsevier.com/locate/bone

Original Full Length Article

Trends in osteoporosis treatment with oral and intravenous @msMﬂk
bisphosphonates in the United States, 2002-2012"""

Diane K. Wysowski *, Patty Greene

Number (in millions) and percent market share for prescriptions of oral bisphosphonate

drugs dispensed from U.S. outpatient retail pharmacy settings, 2002, 2005, 2008, and
2012.

2002 2005 2008" 2012

Drug N (% N (% N (% N (%
Alendronate (Fosamax) 17.7 (83.1) 18 1 (63.6) 18.3 (59.0) 10. ?.

Risedronate (Actonel) 3.6 (16.9) 7(34.1) 8.0 (259) 2.3 (15.8)
Ibandronate (Boniva) - 7(2.3) 47 (15.1) 1.7 [11.8}
Total™™ 21.3 (100.0) 28 4(100.0) 31.0(100.0) 14.7(100.0)

Wysowski DK, Bone 2013; 57(2):423-428




dappaka otn Oeparneia Tng ooteONOPWONG OTNV
EAAada, Sebopéva 2013

Medication Men Women N/A? Total drug use
Total number/(%) of patients receiving treatment
l Alendronate 3278 (29 %) 76,917 (30.8 %) 2160 (36.7 %) 82,355 (31 %) ]

Risedronate 2786 (24.6 %) 53,974 (21.6 %) 1206 (20.5 %) 57,966 (21.8 %)
Ibandronate 1076 (9.6 %) 24,934 (10 %) 488 (8.3 %) 26,498 (9.9 %)
Zoledronic acid 310 (2.7 %) 274 (0.1 %) 162 (2.7 %) 746 (0.3 %)
Raloxifene — 5638 (2.2 %) 161 (2.7 %) 5799 (2.1 %)
Strontium ranelate 618 (5.6 %) 15,625 (6.2 %) 302 (5.1 %) 16,545 (6.2 %)
Parathyroid hormone - 7 (0.0 %) 1 (0.0 %) 8 (0.0 %)
Teriparatide 224 (2 %) 2946 (1.1 %) 34 (0.5 %) 3204 (1.2 %)
Bazedoxifene — 736 (0.2 %) 17 (0.3 %) 753 (0.3 %)

[ Alendronate/Cholecalciferol 1366 (12 %) 24,764 (9.9 %) 518 (8.8 %) 26,648 (10 %) ]
Denosumab 1649 (14.5 %) 45,365 (18.2 %) 830 (14.1 %) 47,844 (18 %)
Alfacalcidol 4855 46,493 1408 52,756
Calcium 3480 47,811 2118 55,954
Calcium/cholecalciferol 361 4235 51 4647
Total® 11,307 248,180 5879 265,366

Makras P et al, Osteoporos Int 2015; 26:1949-1957




[a mOoo KaLpo Ba xopnyeLtolt CUVEXWC N
aywyn pne AQ;



Alendronate

Alendronate

Risedronate

Ibandronate (oral)
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Phase lll clinical trial 1t extension 2nd extension extension
ALNS5 mg (n=202) ALNS mg (n=288) AINS mg (ﬂ=113) r"s MM
ALN 10 mg (n=196} ALN 10 mg (n=439) ALN 10 mg (n=122) ALN mum
ALN 20 mg 2 years/5 mg 1 year (n=199 =
PBO (n=397) ol b PRO (r=83)
FIT FLEX
ALN (n=3236) ALN 5 mg (n=329) or 10 mg (n=333)
PBO (n=3223) ALN S years/PBO 5 years (n=437)
VERT-MN 1*t extension | 2" extension
= = RIS 7 years (n=83)
RIS (n=407) RIS (n=135) PBOS years/
PBO (n=407) PBO (n=130) RIS 2 years (n=81)
MOBILE MOBILE-LTE
IBN 2.5 mg (n=402) IBN 100 mg (n=358)
IBN 50+50 mg (n=404)| IBN 150 mg(n=361)
IBN 100 mg (n=402)
IBN 150 mg (n=401)
DIVA DIVA-LTE
IBN oral 2.5 mg (n=470) | IBN 2 mgq2mo (n=381)
IBN 2 mg g2mo (n=454) | IBN 3 mg q3mo (n=400)
IBN 3 mg g3mo (n=471)
HORIZON PFT HORIZON PFT extension

ZOL (n=3889)
PBO (n=3876)

ZOL 6 years (n=616)

ZOL 3 years/PBO 3 yrs (n=617

Time, years

Eriksen EF, Bone 2013; Oct 9




H peA€tn FLEX: xopriynon aAevépovatng ywa 5 £tn o€
OUVEXELOL TNC MPWTNG 5€Tiog

[ FIT N=6,459 ] FIT (3 to 4.5 yrs) 4

/\ Post-FIT (1-2 yrs)

[ Placebo N =3,223 ] [ Alendronate N = 3,236 ]

[ Eligible for FLEX Screening ]

N=2,857
v
A
Randomized in FLEX FLEX (5 yrs)
N=1,099
Alendronate, 5 or 10 mg Placebo N =437
N =662 \ J
r 3\
Data Available for Analysis
N =406 (BMD)
I N =76 (BTM) ) v

McNabb BL, J Bone Miner Res 2013; 28: 1319-1327
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Black DM, JAMA 2006;296:2927-2938
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Efficacy of Continued Alendronate for Fractures in
Women With and Without Prevalent Vertebral Fracture:

The FLEX Trial

FNT >-2

25<FNT=<2

Non-spine Fractures

141

0.79

FNT<-25

0.1

1.0
RR (95% CT)

100

Schwartz AV, J Bone Miner Res 2010;25:976—82




!@ merican College icians™ ;
ACPQM e o CLINICAL GUIDELINE

Treatment of Low Bone Density or Osteoporosis to Prevent Fractures in 05I'|IVL£(; ACP
Men and Women: A Clinical Practice Guideline Update from the Mauog 2017
American College of Physicians

Recommendation 1: ACP recommends that clinicians offer pharmacologic treatment with
alendronate, risedronate, zoledronic acid, or denosumab to reduce the risk for hip and vertebral
fractures in women who have known osteoporosis. (Grade: strong recommendation; high-quality
evidence)

Recommendation 2: ACP recommends that clinicians treat osteoporotic women with
pharmacologic therapy for 5 years. (Grade: weak recommendation; low-quality evidence)

Recommendation 3: ACP recommends that clinicians offer pharmacologic treatment with
bisphosphonates to reduce the risk for vertebral fracture in men who have clinically recognized
osteoporosis. (Grade: weak recommendation; low-quality evidence)

Recommendation 4: ACP recommends against bone density monitoring during the 5-year
pharmacologic treatment period for osteoporosis in women. (Grade: weak recommendation; low-
quality evidence)

Recommendation 5: ACP recommends against using menopausal estrogen therapy or menopausal
estrogen plus progestogen therapy or raloxifene for the treatment of osteoporosis in women.
(Grade: strong recommendation; moderate-quality evidence)

Recommendation 6: ACP recommends that clinicians should make the decision whether to treat
osteopenic women 65 years of age or older who are at a high risk for fracture based on a
discussion of patient preferences, fracture risk profile, and benefits, harms, and costs of
medications. (Grade: weak recommendation; low-quality evidence)  q.ccem A, ann intern Med, 9 May 2017




AAyopLlOpoc Beparmneiag o€ HETEUUNVOTTOUOLOKEC YUVOILKEC LE
OOTEOMOPWON CE HaKpoxpovia xopnynon AD

Post-menopausal women treated with oral (= 5yrs)
or IV (=3 yrs) BPs

l

Hip, spine or multiple other osteoporotic fractures before or during therapy

Yy w
Reassess benefits/risks Hip BMD T-Score £-2.5 )
Consider continue BP " or OR

change to alternative therapym
Reassess every 2-3 years

high fracture risk )

Yes lNU
4

Reassess benefits/risks Consider drug holiday
Consider continue BP for up to 10 yrs ¥ )
or change to alternative therapy @) Reassess every 2-3 years

Reassess every 2-3 years

Adler RA, J Bone Miner Res. 2016;31:16-35




Osteoporos Int (2017) 28:3339-3345
DOI 10.1007/s00198-017-4188-8

ORIGINAL ARTICLE

Management of oral bisphosphonates treatment by
rheumatologists and determinants of therapeutic
changes: a case-vignette-based study

. 123 o~ 1.34 . 2.3 5 . 6.7 o 8.9
C. Roux « (5. Baron « K. Briot™ « B. Roux” « B. Cortet™" « T. Thomas

Movov 4,2% twv acBevwv dtatpnoav tnv idla
oywyn ywa 5 £€tn, kat aAAayn tng Ospaneiag
(6rakomn R aAAayn) cupBaivel oto 20-30% Twv
MEPUTTWOEWV OE KAOE eniokePn. Auto
ko@oploTtnKe ano tnv cuppopdwon otnv aywyn,
1o eninedo tou CTX, tnv petafoAn tov LPoug Twv
acBevwv kot tnv epdavion onovOuAilkou

KOTAY LOLTOG,.

C. Roux, Osteoporos Int (2017) 28:3339-3345
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AvenlOupuntec evépyelec twv AQD

Table 2

Overview of side effects associated with bisphosphonates

Side Effect

Upper

Gastrointestinal
Tract Discomfort

Acute Phase
Response

Renal
Insufficiency

Osteonecrosis
of the Jaw

Ocular
Inflammation

Severe
Musculoskeletal
Pain

Esophageal
Cancer

Incidence Common with Common with  Rare, mostly Rare® Rare® Rare® Rare® Rare® Rare, only seen
oral BPs initial IV BP with IV BPs in one
infusion controlled
study with ZA
Strength of  Definite Definite Probable Probable Probable Probable Possible® Questionable® Questionable
association
Mechanism  Irritation of upper Activation F5GS5 with Unik now Unkrnown Release of Unkrnown Esophageal Unknowrn
gastrointestinal of v&T nephrotic atrisk ? impaired ? inflammatory inflammation inflammation ?
mucosa lymphocytes syndrome, patients repair mediators with oral BPs changesin
other ? changes 7 in  against oral electrolytes or
mechanisms bone infections in heart
material impaired 7 structure
properties mucosal
healing
Comments  Increased Incidence F5G5 case Incidence Incidence Scleritis, uveitis, Severe bone, joint, Oral BP users at  Signficantly
incidence of decreases reports with increases increases conjunctivitis, muscle pain higher risk increased risk
nausea, with oral and with with other Variable time to for upper seen in a single
dyspepsia, repeated N BP prolonged prolonged symptoms onset after gastrointestinal randomized
abdominal pain, dosing Higher risk of BP use, BP use Cases of starting BP symptoms and placebo-controlled
and acid rise in 5Crin decreases recurrence on Subset with pain thus for trial. Data from
regurgitation N BP trials with BP rechallenge recurrence on undergoing observational
cessation with same or BP rechallenge endoscopy studies are
different BP ? detection bias  conflicting.

Orozco C, Rheum Dis Clin N Am 2012;38 :681-705




TUTTLKAL KOLL ALTUTTOL KOLTALYLOLTOL TOU NPLOLLOV

Zuvnon (A, B) kaw dtuna (C, D) katdypato Tou pnplaiov




AD kot ooTtEOVEKPWON TNC yvaBou

H enintwon th¢ 06TEOVEKPWONG TNG YVABou o€ acBeveic mov
Aappavouv dipwodovika yia tn Bepaneia T 00TEONOPWONG EXEL

urtoAoyloOei petav 1 oe 1.000 ko 1 o€ 263.000 acOeveic-£Tn
EAGXLOTN OUOYXETLON LE HaKpOXPOVLA XpRoN EXEL arodeyOel
2aPpNC CUCXETLON E OOOVTLATPLKEG EMEUBAOCELG KOL KATAOTOON UYLELVAG

TOU OTOMOTOC

McClung M, The American Journal of Medicine 2013; 126:13-20




Case-Based Review of Osteonecrosis of the Jaw (ONJ) and
Application of the International Recommendations for
Management From the International Task Force on ONJ

Croz

ssMark

Aliva A. Khan,*' Archie Morrison,” David L. Kendler,” Rene Rizzoli,’
David A. Hanley,® Dieter Felsenberg,’ Laurie K. McCauley,” Felice O’Ryan,*
Ian R. Reid,’ Salvatore L. Ruggiero,’"'"1? Akira Taguchi,” Sotirios Tetradis,™
Nelson B. Watts,”> Maria Luisa Brandi,’* Edmund Peters,”” Teresa Guise,’®
Richard Eastell,” Angela M. Cheung,?"?"*> Suzanne N. Morin,>’ Basel Masri,*
Cyrus Cooper,”>*%?” Sarah L. Morgan,”® Barbara Obermayer-Pietsch,”’
Bente L. Langdahl,’ Rana Al Dabagh,’’ K. Shawn Davison,” George K. Sandor,”
Robert G. Josse,* Mohir Bhandari,”> Mohamed El Rabbany,*®
Dominique D. Pierroz,”” Riad Sulimani,”® Deborah P. Saunders,”

Jacques P. Brown,” Juliet Compston®' on behalf of the International Task Force on
Osteonecrosis of the Jaw

EruénuioAdoyia

The risk of ONJ with low dose
bisphosphonate or denosumab treatment in
osteoporosis patients is estimated to be
between 1 in 10,000 and 1 in 100,000 per
year of use and appears to be increased only
slightly, if at all, compared with the risk for
ONJ in the general population who have not

taken any osteoporosis therapy

Ooteovékpwon tn¢c yvabou:
veotepa dedopeva

XelpLopog ev oYeL cofopwv
o0doVTLATPLKWV EMEUPACEWV

If risk of ONJ is increased and

risk of fracture is high (>= 20% over next
10 years) and major invasive oral surgery
is planned, consider stopping
antiresorptive therapy. Consider the use
of teriparatide during the time off

antiresorptive therapy if no
contraindications

If risk of ONJ is low and risk of fracture is
moderate or high, then continue
antiresorptive therapy

Khan AA, J Clin Densitom. 2017;20:8-24




Benefits and Risks

Motor Vehicle Accidents Osteoporosis
100 100
90 Wearing seat belts 90
80 reduces the risk of 80 Treatment with
70 serious crash-related 71 bisphosphonates
injuries and deaths by reduces the risk of
60 about 50% 60 fractures by about 50%
S0 50
40 40
30 30
20 20
10 10
0 0
njuries & Wearing Seat Belt Fractures Fractures ONJ+
Deaths Seat Belt Injuries Untreated Treated AFF

There are about 2.3 million adults treated in ERs each year for injuries from MVAs and about 2
million osteoporotic fractures each year. The risk of seat belt injuries and serious side effects from
osteoporosis treatment is very small in proportion to the benefits. Data from multiple sources.




Comparative Risks

2668

Any Fragility Fracture (1)

87

Hip Fracture (1)

Anaphylaxis from PCN Shot [ 32
Death by MVA [l 11

Death by Murder [ 6

ONJ- Osteoporosis Patient

0.7

Death by Lighting Strike in NM | 0.6

(1) Women age 65-69 (from Swedish
National Bureau of Statistics and

database of Olmsted County, MN, USA.)

0 10 20 30 40 50 60 70 80 90 100
Risk per 100,000 People per Year

Kanis JA et al. Osteoporos Int. 2001;12:417-427. Pharmcoepidemiol Drug Saf.
2003:12:195-202. National Center for Health Statistics. JADA. 2006;137:1144-1150.

www.nssl.noaa.gov/papers/techmemos/NWS-SR-193/techmemo-sr193-4.htm|




Atuma Kotayporto tov oxiov peta 10et) AQPn adevdpovatng

10.000 uylei¢ yuVvaiKeg Meta 10eti AqPn aAevdépovatng,

nAwkiog 67.8 etwv pe T-score ]
-2.5 } xounAotepo ooV .
OLUXEVA TOU UnpLaiov, HE To ) -
35% va £XEL LOTOPLKO )
OTIOLOUSATIOTE KOTAYLOTOG
(oxL omovSuAko) amno tnv .

nAwia Twv 45 eTwv

Oa mpoAndOouv:

550 oTtOVOUALKA KOLTALYpLOLTOL
250 Kataypota Tov Loxiov
1620 KALVIKQ KOoTaypota

100 Bavartot

Oa eméNOovuv:

11 dtuma Kataypota

D.A. Hanley, Am J Med. 2017;130:862.e1-862.e7




Risk of hip, subtrochanteric, and femoral shaft fractures among

mid and long term users of alendronate: nationwide cohort AAEVSPOV(ITI’] KOl
and nested case-control study ’ ’
OTUTTA KaTaypota

Bo Abrahamsen,'? Pia Eiken,>“ Daniel Prieto-Alhambra,> ¢ Richard Eastell”

60
M Observed, hip

D [ Alendronate doseyears  OR (95%Cl) OR (95%ClI)

- —Hip fractures saved (OR 0.70)

WHAT THIS STUDY ADDS

and 95% Cl

Long term adherent use of alendronate in excess of 10 dose years was associated
with an adjusted 30% lower risk of hip fracture and no increase in the risk of
fractures of the subtrochanteric femur or femoral shaft

Even if all subtrochanteric and femoral shaft fractures observed in alendronate
users were atypical, the number remains too low to offset the benefits on hip
fracture with long term alendronate treatment for up to 10 years

The findings support a good benefit:risk with alendronate in terms of bone health
for over 10 years of continuous use

Kataypadn tov 6uvoAou TwV KATAYHATWY TOU LoXiov o€ acBeveic mov eAdufavav aywyn He
aAevépovatn €wg 15 £tn - MeAétn oto 6UVOAO tou MANBUGHOU NG Aaviag to didotnpa 1996-2007

Abrahamsen B, BMJ. 2016;353:i3365




Makpoypovia otpatnywkn otn Bepamneia tnG
OOTEOMOPWONG

To npoBAnpa tng cuppopdPwong Twv acbevwy oe
HOKPOXPOVLIEC Oepaneiec 0Ooov adopd TNV

OLTLOTEAEGLATLKOTNTA KAl TNV acPaAela




Arch Osteopores (2017) 12:22
DOI 10.1007/511657-017-0316-5

ORIGINAL ARTICLE HMA: napal.lOVﬁ otnv

1 4
Two-year persistence and compliance with osteoporosis aV'tl-OO"tEOTtOpw'thr]
therapies among postmenopausal women in a commercially 4
insured population in the United States avwvn thv
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Osteoporos Int (2016) 27:2967-2978 @ Crosshark
rossivlark
DOI 10.1007/500198-016-3623-6

ORIGINAL ARTICLE
Mapoapovn otnv
GRAND-4: the German retrospective analysis of long-term OO"ITEOTtOp(A)'ITlKI"] avwvﬁ otnv
persistence in women with osteoporosis treated . ,
with bisphosphonates or denosumab MPAYHATIKN an
Main analysis Sensitivity analyses
60-day grace 30-day grace 90-day grace 120-day grace
period period period period
12-month persistence
Denosumab, % 35.9 38.0 61.5 65.1
1.v. ibandronate, % 429 311 48.2 544
1.v. zoledronic acid, % 338 20.3 39.7 437
Oral alendronate, % 30.1 215 35.6 39.7
Oral ibandronate, % 30.1 18.4 35.0 394 TLO B ’
Oral nisedronate, % 314 22.6 36.9 414 L UQ GUUPEL 0TO
o
2-year persistence 50-80% twv
Denosumab, % 21.6 46.3 50.6 acOevwv tov degv
i.v. ibandronate, % 15.0 30.2 36.7 | O o‘uuuopd)wegi_
1.v. zoledronic acid, % 6.5 29.5 34.1 .
' HOKPOXPOVLA UE
Oral alendronate, % 9.7 22.5 26.5 Thv BE aTl'.Si.a'
Oral ibandronate, % 73 21.2 25.1 n P !
Oral risedronate, % 10.2 22.6 26.9

Hadji P, Osteoporos Int 2016; 27:2967-2978




Tt O cupBel o€ Eva acBev mouv Aapavet
HOKPOXPOVLA OLVTL-OCTEOTTOPWTLKA aywyn OToV
OLUTN OTOLMOTNOEL EITE ME CUOTOGN TOU YLATPOU,

£LTE OO UN CUUHOPPwWon Tou acBevouc;
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Fig. 2. Distribution of 5-year % change in bone mineral density (BMD) after discontinuing alendronate at the total hip (A4), femoral neck (B), and lumbar

spine (C).

Awakormn TG aAevépovatng yia 5 €tn, petd 5etq AnPn: Meiwon BMD 3.6% oto
OALKO o)Xio, 1.7% otov auxEva tou punplaiov kot avénon 1.3% otnv OM22

McNabb BL, J Bone Miner Res 2013; 28: 1319-1327




Osteoporosis Intemnational
https://doi.org/10.1007/500198-018-4460-6

ORIGINAL ARTICLE A la Ko“ﬁ twv Am pstd

Effects of discontinuing oral bisphosphonate treatments 4 H
for postmenopausal osteoporosis on bone turnover markers 2 Etn avwvn q
and bone density

NTX CTX
25 25
—— Ibandronate
E g Ol i Alendronate
% On Treatment § On Treatment — Rised t
Jo 8 e isedronate
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> F T S .50
= c
@ i § £ ]
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The percentage change from baseline in biochemical markers of bone resorption (NTX, CTX) and bone formation
(PINP, OC, Bone ALP). Data are shown as least squares mean and 95% ClI for the three bisphosphonate
treatments. (Difference among treatment groups; *P < 0.02, **P < 0.004) Naylor KE, Osteoporos Int. 2018 Mar




Osteoporosis Intemnational
https://doi.org/10.1007/500198-018-4460-6

ORIGINAL ARTICLE Ala Konﬁ twv Am pstd
Effects of discontinuing oral bisphosphonate treatments 2 E’.trl avwvr’] q

for postmenopausal osteoporosis on bone turnover markers
and bone density

TH BMD LS BMD
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D @
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£ 5w T = Om
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% od- g 1 - J_ —— |bandronate
-8 .E 0- I Alendronate
= =2 —— Risedronate

On Treatment Off Treatment On Treatment Off Treatment
-5 T T T 1 -5 T T | T
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years years

The percentage change from baseline in BMD at the total hip (TH) and lumbar spine (LS). Data
are shown as least squares mean and 95% ClI for the three bisphosphonate treatments. The
period on treatment is shown as the shaded area; the period off treatment is not shaded.
(Difference among treatment groups; *P < 0.02, **P < 0.004)

Naylor KE, Osteoporos Int. 2018 Mar




Mpootateutikn 6pacn twv AD peTa tnv
Sdrakomn tnc Oepameiog

H npootateutikn 6pacn twv AD otnv BMD diapkel
yla 2—-3 £Tn HETA TV SLAKOTIA TOUC yLa ThV
aAevépovatn kot ribava 1-2 £tn ylo TNV

turtavdpovartn Ko tnv puedpovarn

Adler RA, J Bone Miner Res. 2016;31:16-35




YIOAEWMOMEVN AVILKATAYHOTIKA TPOCTOGLOL
Twv AD peta tnv SLaKomn Toug

Prescription for alendronate, risedronate, strontium ranelate, and/or raloxifene between
June 1, 2005, and December 31, 2009: N=146,562

Neoplasms: n=19,503

High-level glucocorticoid use: n=7,645

""""" #| Other secondary causes of osteoporosis: n=20,036
Washout period (prescription before 2005-12-01): n=42,748
Data issues: n=44

h 4
n=56,586 | = | SARA Population®
————————— >‘ Prescribed strontium ranelate or raloxifene: n=1,703
n=54,883 |
_________ p| Discontinued the osteoporosis treatment after July 1, 2008
(or not at all): n=37,634
v
n=17,249 |
————————— ){ <1 month of treatment: n=2,747 ‘ = | Cohort A |
--------- >{ 1 to 6 months of treatment: n=8,284 ‘ = | Cohort B |
————————— )‘ 7 to 12 months of treatment: n=3,538 ‘ = | Cohort C |

--------- >{ >12 months of treatment: n=2,680 ‘ = | Cohort D |

0 1 2 3

Years after discontinuation

Time on treatment
<itmonth --------- 1 to 6 months

————— 7 to 12 months >12 months

Alatnpeital N oVILKOTAYHOTIKA
npootacio twv AD peta tnv dtakonn
TOUG Kat eivat avaAoyn HE To diaotnua

AQPng toug

Strom O, Osteoporos Int 2015;26:315-325




MetafoAn otnv BMD tnc OMZZ peta nponynOeioca
aywyn He ALN kat emakoAovOn aywyn HE to idto n
Ao papHaKO N XWPLC aywyn

10 —x - ALN/Placebol[9]
ALN/RLX[9]
ALN/ALN[8]
ALN/ALN[9]
ALN/ALN[10]
ALN/RIS[12]
ALN/ZOL[8]
ALN/Dmab10]
ALN/Dmab[11]
ALN/Dmab[12]

Lumbar spine BMD change form baseline (%) @

0 T~ -.f’(. 12 18 24---0-- ALN/Teriparatide[15]

2 = ~ge—c = Kememm=r -e- ALN/Teriparatide[16]
4 —a— ALN/Teriparatide[17]
Months —a— ALN/Teriparatide[18]

Eiken P, Vestergaard P, Osteoporos Int 2016; 27:1-12




Drug holiday ota AD: debopeva KAWIKAG tpAgNG

39.502 yuvaikeg, nAkiog 245 stwv, pe 23 €tn AYn AD

3 opadec, pe AO® holiday (212 pnvwv, n=11.497), acOeveic pe Kok cUUHOPPWON
(AMYn <50%, n=10.882), acBeveic pe cuppopdpwon (250% APn aywyng,
n=17.123)

156.657 avOpwrmno-£tn mapokoAouOnong, 5.199 0oTEOTIOPWTLKA KOTAYHLOTOL

Ze oUYKpPLON ME TNV opadda cuppdpdpwonc, untnpée eAayiotn dtadopd otov HECO
Kivoéuvo kataypatoc (HR 0.92) kau kapio Stadopd otov Kivduvo KaTayuotog Tou
toxiov (HR 0.95) ywa tnv opada dtakomnnig twv AD

Ze oUYKpPLON ME TNV opada KaknG cuppopdpwong, vnnpée dtadopa otov HECO
Kivéuvo kataypatog unép tng opadoag drakomnc twv AP (HR 0.71)

O yuvaikeg tou untoBaAAovtat oe AD holiday yia 212 pniveg, yia kaBe autia, (e
ANYn 23 etwv, dev epdavifouv pHeyaAUTEPO KiVOUVO YLOL OGTEOTTOPWTLKO KATOYHLOL
o€ oUYKpLON HE aAUTOUG tov cuveXilouv thv aywyn

Adams AL, J Bone Miner Res. 2018 Mar 12



AAevdpovatn peta ta aAAa pappaKko ot
Oepaneia tnc ooteoNOPWONG

= Meta ta AMARTs (antibody mediated anti-resorptive
therapy)

» Denosumab
» Romososumab
= Meta tnv napaboppovn

= MEeta TNV TEpLROPATION Kol TRV apmalonapatidn



>

Percent Change From Baseline

MetapBoAn BMD peta amo ditetn aywyn HE

Denosumab ko diakonni

Lumbar Spine B Total Hip

-A-& Placebo ©© Denosumab 51 -a-a Placebo ©© Denosumab

*

Percent Change From Baseline

il I |

01 6 12 24 30 36 42 48 6 12 24 30 36 42 48

Bone et al. J Clin Endocrinol Metab 2011;96:972-80




MeA€tn TnC mopeiac tou CTx
HETA TNV dtakomn tou denosumab

>

sCTXI
-&-& Placebo ©©Denosumab

120 -
100 4

- 1.1

L O
o= Y = B
. : j

]
o O
ng/mL

R
o

sCTXI Percent Change From Baseline

01 6 101214 18 24 2730 36 42 48

Bone et al. J Clin Endocrinol Metab 2011;96:972-80




Osteoporos Int (2016) 27:1677-1682 @(_ i
DOI 10.1007/s00198-016-3553-3 o

EDITORIAL

Cancel the denosumab holiday

M. R. McClung'

McClung MR, Osteoporos Int 2016; 27:1677-1682
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“24 patients with rebound-associated vertebral
fractures following denosumab discontinuation”

Number of fractures per vertebra = 4,7 Kotayporta ava acOsviy

" [leploodtepol oL acOeveig o€
aywyn >2 £

OAa ta kKataypato 8-16 LAVEC
oo TNV teAevtaia €veon
I I I Denosumab
N n I i I I 83% twv acBevwv Sev giyov

TT T2 T3 T4 T5 T6é T7 T8 T9 Ti0 T11 Ti12 L1 L2 L3 L4 L5

, : : AaBeL mponyoupevn aywyn
Katoavopn tTwv 6rmovOUALKWY KOTOYLATWY

Anastasilakis, AD, J Bone Miner Res 2017;




ORIGINAL ARTICLE

Retrospective evaluation of serum CTX levels after denosumab Dma b |J.(')VO
discontinuation in patients with or without prior ’
exposure to bisphosphonates I.I.E'[a A(D;
B. Uebelhart'* @ - R. Rizzoli' - S. L. Ferrari'

p=0.003

p=0.005

In 12 patients who discontinued Dmab 251, | 1-0.726
after multiple (5, range 3-9) injections | .
without prior exposure to BPs, mean CTX
levels as measured on average 11.3 % 1.5
months (range 6-23) after the last Dmab ; 1__ | S -
injection were above the upper limit of 0 1
premenopausal range (mean +114%, 97 .
range 28-320%, p = 0.003-0.005 vs . - — %
previous BPs BP naive Prior BP One Dmab

B. Uebelhart, R. Rizzoli, S. L. Ferrari, Osteoporos Int 2017; 28:2701-2705




Calcified Tissue International Calcified Tissue International
https://doi.org/10.1007/500223-018-0389-1 https://doi.org/10.1007/500223-018-0409-1

LETTERTO THE EDITOR

ORIGINAL RESEARCH p
®cm«mrk W

Vertebral Fractures Following Denosumab Discontinuation in Patients Multiple Vertebral Fractures Following Denosumab Discontinuation:
with Prolonged Exposure to Bisphosphonates Are We Exaggerating?
Liana Tripto-Shkolnik'® - Vanessa Rouach? - Yonit Marcus? - Pnina Rotman-Pikielny? - Carlos Benbassat* - Iris Vered' Athanasios D. Anastasilakis' - Symeon Tournis? - Maria P. Yavropoulou? - Stergios A. Polyzos* - Polyzois Makras®

Mowa givat N MPOYUOTIKA TPOoTacia IOV
npoodEpel mponynOeioca AnYyn AD otnv
Sdtakomnn tov Denosumab;

= E¢aptatat ano to diactnpa AnYPng twv AD;

= Eival dtadopetikn avapeca ota AD, avaloya pe TRV LOXU
oUVSEOT G TOUG KOl TO XPOVO MAPOHOVIG TOUG OTAL O0TA;

= Adopad 1o Xpovo Spaong twv AD, mov ekTIpaToL ota 2-3 £Tn
OLTLO TNV SLALKOTIA TOUG | €WG Kol 5 €1n);

Tripto-Shkolnik L, Calcif Tissue Int. 2018
Anastasilakis AD, Calcif Tissue Int. 2018




Osteoporos Int (2012) 23:317-326
DOI 10.1007/s00198-011-1780-1

ORIGINAL ARTICLE

Final results of the DAPS (Denosumab Adherence Preference

Satisfaction) study: a 24-month, randomized, crossover AAevspovatn ue.ta
comparison with alendronate in postmenopausal women D esonu mab

= AUO opadeg 126 kat 124 acBsvwv o EAafBav To MPWTO £10G
aAevépovartn 1 denosumab Kkat to deUTEPO £T0C AAAAEAV TNV Aywyn
ovtiotoyo

* H péon petaBoAn tng BMD ano tnv Evapén Tou SEUTEPOU ETOUC £WG TO
TEAOG TNG MEAETNG yia TV opada denosumab/aAevépovatn Rtav OMZZ
0.6% (n=82), oAkd woxio 0.4% (n=92) koL avyEvag tov pnplaiov -0.1%
(n=92)

= H petapfoAn twv emunedwv tov CTX-1 ano t €vapén, oto TEAOC MPWTOU
£TOUG KOl 0TO TEAOG TNG MEAETNC LA TRV Opada
denosumab/aAevépovatn nrav 0.465 ng/mL (n=75), 0.139 ng/mL
(n=108), kaw 0.223 ng/mL (n=92)

Freemantle N, Osteoporos Int. 2012;23(1):317-26




The NEW ENGLAND JOURNAL of MEDICINE

A

ORIGINAL ARTICLE

Romosozumab or Alendronate for Fracture
Prevention in Women with Osteoporosis

Incidence of New Vertebral Fracture

Patients (%)

12 Months

4093 Patients were enrolled

Double-Blind Period

\ AAevépovatn PETA
Romosozumab

Open-Label Period

2047 Received

Received alendronate, 70 mg
orally every wk

15+
10—
Risk ratio, 0.63
P=0.003

|

. 6.3
(128/2047)
4.0
(82/2046)
0
Alendronate Romosozumab

alendronate, 70 mg |
orally every wk

Daily calcium (500-1000 mg) and vitamin D (600-800 1U)

2046 Received

romosozumab, .
subcilignr:fusly Recewe:r:lﬁn;r;;a\;z e
every mo
6 é 1I2 llg 2‘4 3‘6
Month
24 Months
154 Risk ratio, 0.52
P<0.001
|
11.9
10 (243/2047)
5| 6.2
(127/2046)
0
Alendronate— Romosozumab—

Alendronate

Alendronate

Saag KG, N Engl J Med. 2017 Sep 11




Importance of prompt antiresorptive therapy in postmenopausal
women discontinuing teriparatide or denosumab: The Denosumab
and Teriparatide Follow-up study (DATA-Follow-up)

DATA DATA-Switch DATA-Follow-up
24 months 24 months 12-23 months
“
Teriparatide ’:"> Denosumab }:> No Treatment 3
Denosumab ’t") Teriparatide ::> VS E
>
Combination ’:> Denosumab }:> Treatment
randomized non-randomized

H BMD otov auX£éva Tou pneLaiov HELWONKE MEPLOGOTEPO OE AUTOUG IOV
SLékoPav to denosumab (-5.8 +4.0%), anod ekeivoug tov StEkoPav tnv
tepunapoatién (-0.8 £2.6%, P=0.008). H BMD oAwkoU Loxiou emiong HELWONKE
TLEPLOCOTEPO OE AUTOUG tovu ditékoPav to denosumab (-5.6 £2.5%) ano
gkelvoug rtov StEkoPav tnv teputapatiodn (-2.1 £4.5%, P=0.03). e avtiBeon ot
petaBoAn tnc BMD otnv OMZZ ftav nopopota HeTaél avutwy rntov StEekoyav to
denosumab (-10.2 +4.7%) kau ekeivwv tou StEkoPav tnv tepurapotién (-9.5
+7.8%, P=NS).

Leder BZ, Bone. 2017 May;98:54-58




Calcif Tissue Int (2017) 101:396-403 @
DOI 10.1007/s00223-017-0295-y

’ ’

ORIGINAL RESEARCH A¢ usta ano
’

Effects of Teriparatide and Sequential Minodronate on Lumbar tep lnapat l6 n

Spine Bone Mineral Density and Microarchitecture
in Osteoporosis

12-24 pAVEG TEPUTAPATION KaL 0TN CUVEXELD 12 HRVEG pvodpovatn

+10.3% +0.48% +4.80% +0.24%
0.800 l 1.300F l
NS ' NS
&£ 0.750r 1.250r
L
E —
I 0.700 -1 m 1.200+
= I
-
v 0.650 S 1.150+
—
0.600 1.100 '
After After After After
Basal 12-24m 12m Basal 12-24m 12m
TPTD MINO TPTD MINO

Miyaoka D, Calcif Tissue Int 2017; 101:396-403
MINO (orally at 50 mg/once monthly)




e NEW ENGLAND , ,
JOURNAL of MEDICINE AAevbépovatn peta

[ 4
ESTABLISHED IN 1812 AUGUST 11, 2005 VOL.353 NO.6 napaeopl lovn

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

4 Parathyroid hormone— -®- Parathyroid hormone— Combination-ther apy— ¢~ Continued-alendrona te
placebo goup alendronate group alendronate group group
Total Spine Femoral Neck
20+ 84
X 154 X 6
v o
8o 129%t 80
®© = 4%
= 104 <
= 8% O 3%
< 8% < 3%
I . | 2
4%t =
1%"
0 |
0 12 24
Month Month

Mean Percent Changes from Baseline in Areal Bone Mineral Density at the Spine and Femoral neck

Black DM, N Engl J Med 2005;353:555-65




ORIGINAL ARTICLE MAYO
CLINIC

(7 , ’
v IxApota Stadoxtkng
) ot Eighteen Months of Treatment With

Subcutaneous Abaloparatide Followed by Gepanslaq (f'[l’]V OGT’EOT[O[?(OO'I‘].
6 Months of Treatment With Alendronate in AAEVGPOVQTI'] peTA 18 pNVveC

Postmenopausal Women With Osteoporosis: Ap.nai\onapari&n
Results of the ACTIVExtend Trial

ACTIVExtend, an extension of ACTIVE, enrolled patients who completed 18 months of ABL-SC or PBO in ACTIVE to receive up to
24 additional months of open-label ALN; there was 1 month between the studies to re-consent patients.
Results: Of 1243 eligible ACTIVE patients, 1139 (92%) were enrolled in ACTIVExtend beginning November 20, 2012.

ACTIVE ACTIVExtend ACTIVE + ACTIVExtend ACTIVE ACTIVExtend
18 mo & mo 25 mo 18 mo & mo
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12 18 25

@ PBO (n=711) @ PBO/ALN (n=568) Months Treammert win
. . >gan

W ABL-SC (n=6%0) W ABL-SC/ALN (n=544) *P<.001 vs PBO; TP<001 vs PBO/ALN. at month |9

Patients with new morphometric
vertebral fractures (%)

0
T

(r' )

o .

=
ﬁ

E

"P<.001 vs PRO. TRelative risk, 0.13; 95% CI, 0.04-0.41; P<.00 | vs PROALN. ]
A Cosman F, Mayo Clin Proc. 2017;92:200-210




OPINION Expert Opinion on Pharmacotherapy

AAevdpovartn peta

ISSN: 1465-6566 (Print) 1744-7666 (Online) Journal homepage: http://www.tandfonline.com/loi/ieop20

opuraAonopation

Effect of a sequential treatment combining
abaloparatide and alendronate for the
management of postmenopausal osteoporosis

However, it was previously shown that when stopping the administration of peptides
from the PTH family patients face a rapid offset of action of their treatment with a
decrease of BMD which may, in turn, translate into a vanishing protection against
new Fx. Alternatively, in the presence of an anti-resorptive agent after TPD, bone
mass gains persist or increase significantly. In the ACTIVExtend study, patients
transitioning from ABL to ALN present further increases in BMD at all sites and the
curves reflecting the incidence of new NVFx, major or clinical osteoporotic Fx
continue to diverge over time, most likely reflecting a sustained anti Fx efficacy of
ABL during the extension.

Reginster JY, Expert Opin Pharmacother. 2018;19:159-161




% patients with > 1 APR symptom

80%

70% -

60%

50%

40%

30% -

20%

10% -

0%

Per os AD ntpv ta iv AD

69%

~ W ZOL (BP naive, n=157)
[1ZOL (prior BP, n=254)
M IBN (BP naive, n=89)

* [JIBN (prior BP, n=225)
52%

27%
23% 24%
20%

7%
2% 2%
_—

Any APR

Musculoskeletal pain Pyrexia

Incidence of APR by symptoms (any, musculoskeletal pain, pyrexia) in BP-naive and previously
BP-exposed women after a first infusion of either ZOL or IBN. * p < 0.001 vs. ZOL prior BP and

IBN

Popp AW, Osteoporos Int (2017) 28:1995-2002
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Differences in rates of switchbacks after switching from branded ggouoLodotnuevn
to authorized generic and branded to generic drug products: vev()o-n KN Ko V€V60r| KN
cohort study ’
aAevoépovartn otic HMA
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CONCLUSION
Switching from branded to authorized generic drug products was associated with lower
switchback rates compared with switching from branded to generic drug products.

Desai RJ, BMJ 2018;361:k1180
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Ta AD £xouv paKpoxXpOVLA aVTLKOTOYHATIKA dpdon, Ttov ywa TV
aAevépovatn eival armodeSelyHEVn yia TOUAAXLOTOV SEKA £TN

Ta AD napapévouv acPpaln otn HoKpoxpovia xopnynon
Mpoteivetal n xprion twv AD o€ 5t} OpaneuTikO KUKAO UE
TEKHNPLWHEVN SpAon META TV SLAKOTH TOUG, TTOU yLa TNV
aAevépovarn eival tovAaxiotov 2-3 £€1n

dapuoka Onwe n teputapatidn kot to denosumab dev mpémnel va

Slakomnrovtal xwpic va akoAouvBel n xopriynon dtpwodovikou
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ORIGINAL ARTICLE

Bisphosphonate drug holidays in postmenopausal osteoporosis: D ru g h OI I d ay oTd Aq)

effect on clinical fracture risk

M. A. Mignot' - N, Taisne'+ L. Legroux'? « B. Cortet'? J. Paccou'?
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Mignot MA, Osteoporos Int (2017) 28:3431-3438
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ORIGINAL ARTICLE
Assessing the feasibility of the Effectiveness

of Discontinuing Bisphosphonates trial: a pilot study
(EDGE) study
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X?P=10.303 Study Arm

Fig. 2 Study arm adherence at 6-month follow-up X p = 0.303

Al0KOTIA TNC
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Based on the fracture probabilities
observed in the Fracture Intervention Trial,
we powered the future EDGE study to
ensure that we would maintain 80% power
even if up to 50% of patients were lost to
follow-up. Given the number of
participants censored and lost to follow-up
that we observed in the pilot, we should
be able to maintain sufficient power as
originally proposed with a sample size of

9500 patients (4750 per study arm).

Wright NC, Osteoporos Int. 2017;28:2495-2503




International Osteoporosis Foundation and European Calcified
Tissue Society Working Group.

Recommendations for the screening of adherence to oral
bisphosphonates

‘EAgyxo¢ cuppopdwaonc otnv aywyn pe AD;

> 4 BT | Continue
iCrease treatment
=
3-months
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PINP, CTX)* [T i
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BTM Reassess treatment
-» decrease [—>* _
Trestment < LSC Poor compliance?
e L. Other issues?
initiation

least significant changes of 56% for CTX and 38% for PINP

Diez-Perez A, Osteoporos Int. 2017 Mar;28(3):767-774
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Frequency of discontinuation of injectable osteoporosis therapies
in US patients over 2 years
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JUMHOPPWON OTA EVECLUOL
dappaka otic HMA

6 months 12 months I 8§ months 24 months

Denosumab, N= 617

90 days 36.0% 48.8% 56.8% 64.3%

60 days 39.1% 54.0% 63.6% 71.7%

30 days 44.6% 62.6% 73.3% 82.2%
[bandronate, N = 233

90 days 49.4% 69.1% 80.9% 87.5%

60 days 54.5% 72.1% 83.1% 88.1%

30 days 60.5% 77.7% 87.7% 91.5%
Teriparatide, N = 778

90 days 53.2% 67.1% 74.0% 87.9%

60 days 57.6% 09.8% 77.5% 89.8%

30 days 65.3% 76.5% 83.8% 93.2%
Zoledronic acid. N =3

90 days - 59.2% —~ 79.8%

60 days - 64.5% —~ 82.8%

30 days — 73.5% - 89.1%




