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Sclerostina, Romosozumab una lunga storia....

Nel 2010, un ricercatore che studiava una popolazione di
sudafricani con origini olandesi in cui molti membri avevano
anomalie alle ossa,

Chiese In un incontro pubblico se qualcuno di loro aveva mali
avuto un incidente.....

Un uomo alzo la mano per raccontare:
“stavo attraversando la strada con mio fratello quando una
Mercedes ci e venuta addosso ”. E che cosa e successo?

" NESHNOVICNECERENENVISIEEE * ¢ s:a/a (a risposta.



The Osteocyte as the New Discovery
of Therapeutic Options in Rare Bone
Diseases

ront Endocr 2021



Bone thickness

Bone remodeling time



Sclerostina e via canonica del WNT

Canonical pathway

Sclerostin binds
to LRP5/6

Transcription of target genes No transcription of target genes

N

Differenziazione, proliferazione e sopravvivenza degli
osteoblasti, aumento della formazione ossea

Evenepoel P, Kidney Int 2015
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ROMOSOZUMAB
MECCANISMO DI AZIONE

B Osteoid Osteoblast g:l? e lining

] New mineralized bone
[ Calcified bone matrix

Osteoclast

New EnglJ Med 2018



Romosozumab in Postmenopausal Women
with Low Bone Mineral Density

== Placebo == Alendronate =#= Teriparatide =#= 210 mg of Romosozumab monthly
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LA FINESTRA ANABOLICA

TERIPARATIDE

ROMOSOZUMAB

TIME

BrJ Clin Pharmacol (2019)



Opposite Bone Remodeling Effects of Teriparatide
and Alendronate in Increasing Bone Mass
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PARATORMONE: GEOMETRIA

“Cross-Sectional Moment of Inertia”

L’0SS0O rosso distribuzione della massa nello spazio
e meglio” di quello E una funzione del quadrato della distanza
verde dall’asse neutro

perche e piu lontano
dall’asse neutro

‘B

O

Area (cm?) 2.77 2.77 2.77
CSMI (cm#) 0.61 1.06 1.54
Bending Strength 100% 149% 193%

OSSO CORTICALE



Romosozumab Phase 3 clinical trials

Piu di 10,000donnein menopausa affette daosteoporosi sono state studiate

STRUCTURE FRAME BRIDGE ARCH
(NCT01796301)* (NCT01575834)2 (NCT02186171)3 (NCT01631214)*

4,093 post-menopausal
women at highrisk for
fracture

436 post-menopausal 7,180 post-menopausal
women women

12 months

romosozumab followed 12months

romosozumab followed
by alendronate

18 months
rom@sozpmab

Treatment 12 months

romosozumab by 24 months

denosumab

12 months placebo

Comparator 12 months teriparatide followed by 24 months 12 mor'ths j\lacebo fl?lmonths alfndronate
danosimab ollowed by alendronate
% change from baseline in Incidence of new Incidence ofclinica_l fracture
Primary DXA BMD at the hip vertebral fracture (eventdriven) +incidence of
endpoint through through 12 and 24 new vertebral fracture
12 months months through 24 months

March 2016

Topline results September 2015 February 2016 May 2017




Romosozumab Treatment In
Postmenopausal Women with

Osteoporosis

FRActure Study in Postmenopausal WoMen with OstEoporosis
(FRAME)

FRAME is a phase 3, randomized, placebo-controlled FRActure study in
postmenopausal woMen with ostEoporosis?

N Engl J Med. 2016



FRAME Phase 3 Study Design

FRActure study in postmenopausal woMen with ostEoporosis

Double-blind Open-label _ _
Co-Primary Endpoints:
Romosozumab ] o
= 210 mg SC QM Denosumab ¢ Subjectincidence of
N (N = 3,589) 60 mg SC » I new vertebral fracture
R oM X through 12 and 24
o) Q T months
L E
L \
Y
= Placebo IS Secondary Fracture Endpoints:
\ SC QM Denosumab 0
T (N = 3,591) 60 mg SC L N
11 Q6M  Subjectincidence of
clinical, nonvertebral, and
other fracture categories
N = 7,180} ! {2 months through 12 and 24 months
I | 1
Month 0* 6 12 18

500to 1,000 mg calcium daily

600 to 800 IUvitamin D daily
Spine x-rays A
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Incidenza di nuove fratture vertebrali a 12 mesi

® Placebo (N =3,591) ™ Romosozumab (N = 3,589)

RRR = 73%

2.0% 1 P <0.001
I

. 1.8%
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g RRR = 46%

S 1.0% - P =0.056
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Through Month 62 Through Month 12
nINI* = 26/3,262 14/3,265 59/3,322 16/3,321



Nuove fratture vertebrali a 24 mesi

3.0%

2.5%

2.0%

1.5%

1.0%

Subject Incidence (%)

0.5%

0.0%

n/N12 =

M Placebo " Placebo-to-denosumab
B Romosozumab M Romosozumab-to-denosumab
New Vertebral Fractures RRR=75%
P <0.001
|
RRR=73%
P <0.001

RRR =46%
P =0.056

Through month 6 Through month 12 Through month 24
26/3,262 14/3,265 59/3,322 16/3,321 84/3,327  21/3,325



BMD lombare e femorale a 12 mesi

== Placebo (N = 61) == Placebo (N = 62)
== Romosozumab (N = 65) == Romosozumab (N = 66)
Lumbar Spine Total Hip
Placebo vsromosozumab Placebo vsromosozumab
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Percent Change From Baseline

BMD lombare e femorale a 24 mesi

Placebo-to-denosumab (N = 61)
== Romosozumab-to-denosumab (N = 65)

Lumbar Spine

Placebo vs Open-label
25 - romosozumab denosumab
20 - 17.6%
15.19%
13.3%
15 1
A12.6%
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Placebo-to-denosumab (N = 62)
== Romosozumab-to-denosumab (N = 66)

Total Hip
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LS Mean BMD Change from

Denosumab fino a 10 anni risulta in un
continuo e progressivo incremento del
BMD in sede lombare e femoralel

Lumbar Spine
BMD

24 - .
2 :;‘votals +
ase o
_ 20 7 Fracture ’r17.2/
G 18 4  Trial ;
x
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Study Year

== Placebo

Total Hip

BMD

Femoral Neck
BMD

10 Pivotal t 10 7 Pivotal
Phase 3 ? Phase 3
Fracture _| Fracture Trial
8 Trial 9.2%* 8 9.0%
: £
6 Pt 6] 4.9%4
I, #7 7.1%
7.4%
4 i““
2 2 E“ Extension
..' Study
0 0 ¥ - - REEEEEEEEE SRS
‘2 T T T T T T T T T 1 '2 T T T T T T T T T T 1
0 1 2 3 4 5 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Study Year Study Year
""" Crossover Denosumab = Long-term Denosumab

*P < 0.05 vs pivotal phase 3 studybaseline; 'P <0.05 vs pivotal phase 3 study baseline and extension baseline
*Percentage change while on denosumab treatment
BMD=bone mineral density; Cl=confidence interval; LS=least-squares; Y=year

1.Adapted from:Bone HG, et al. Lancet Diabetes Endocrinol. 2017;5:513-523.



Summary

Romosozumab per 12 mesi comparato al placebo (RRR):
— Nuove fratture vertebrali: 73% (P < 0.001)
— Fratture cliniche: 36% (P = 0.008)
— Fratture non vertebrali: 25% (P = 0.096)

* In 24 mesi, romosozumab--denosumab comparato con
placebo--denosumab (RRR):
— Nuove fratture vertebrali: 75% (P < 0.001)
— Fratture cliniche: 33% (nominal P = 0.002; adjusted P = 0.096)
— Fratture non vertebrali: 25% (nominal P = 0.029; adjusted P = 0.057)



Romosozumab vs Teriparatide in Postmenopausal
Women with Osteoporosis Transitioning from Oral
Bisphosphonate Therapy: A Randomized Open-Label
Phase 3 Trial

STudy evaluating effect of RomosozUmab Compared with Teriparatide in
postmenopaUsal women with osteoporosis at high risk for fracture pReviously treated
with bisphosphonatE therapy (STRUCTURE)

Lancet 2017



STRUCTURE Fase 3: disegno dello studio

E Open-label
R
@) Romosozumab 210 mg SC QM
Oral BP Therapy IE (N =218)
for M
Osteoporosis E
N Teriparatide 20 mcg SC QD
T g (N = 218) =
1 Year 1:1
|
| n=a | I I
3 Years Prior to Screening Month O* 3 6 9 12
i Calcium (2 500 mg) i
' Vitamin D (= 600 IU) '
QCT A A
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Criteri di elegibilita

Criteri di « Donne in menopausa con eta tra 55 e 90
Inclusione

« BMD T-score < -2.5 Iin sede femorale o lombare

- Storia di fratture vertebrali o non vertebrali dopo I'eta di
50 anni

- Bifosfonati orali assunti per = 3 anni

Criteri di - Recente uso di agenti che modificano il metabolismo
esclusione 0SSseo

» Storia di altre malattie osteometaboliche



Primary and Key Secondary Endpoints

End-

point
orimario
KeyEnd-
points
secondari

» Percentuale di cambiamento rispetto al basale della BMD in
sede lombare e femorale a 6 e 12 mesi

* Percentuale di cambiamento rispetto al basale
della hip strength valutata tramite FEA a 6 e 12

mesi

* Percentuale di cambiamento rispetto al basale della BMC
valutata in sede femorale conesame QCT a6 e 12 mesi



DEXA In sede femorale a 6 e 12 mesi
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DEXA In sede lombare a 6 e 12 mesi

Teriparatide (n = 209) =l- Romosozumab (n = 206)
19 - Lumbar Spine
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SAFETY A 12 MESI

All adverse events

Serious adverse events

Adverseevents
Arthralgia*
Hypercalcaemia*
Hypocalcaemia#*
Injection-site reactiont

Nasopharyngitis*

Leading to discontinuation of investigational
products

Death"

Teriparatide

(n=214)
148 (69%)
23 (11%)

13 (6%)
22 (10%)
0
6 (3%)
22 (10%)
12 (6%)

1 (< 1%)

Romosozumab

(n=218)
164 (75%)
17 (8%)

22 (10%)
2 (< 1%)
3 (1%)
17 (8%)
28 (13%)
6 (3%)

1 (< 1%)



Romosozumab or Alendronate for
Fracture Prevention in Women with

Osteoporosis

Active-contRolled fraCture study in postmenopausal women with
osteoporosis at High risk of fracture (ARCH)

Ho talmente tanto sonno che
appena hochiuso/gli’occhi’ una
pecora’mi ha“detto: “Senti,
io le“‘altre nenche le chiamo".

Qs

N Engl J Med 2017



ARCH Phase 3 : disegno dello studio

4.093 Primary Analysis*
Subjects Double-blind Open-label
Enrolled —————————1
Romosozumab I Alendronate ]
210 mg SCQM [C__Z )
N :92,046Q I 70 mg PO QW [
— o ]
1
Alendronate
70 mg PO QW Alendronate i |
N = 2,047 70 mg PO QW 1
. >
: 500to 1,000 mg calcium, 600 to 800 IU vitamin D daily
I i i i i >
Month O 6 12 18 24 36
thorggilcr:] ?(—?Qgs A

pxa M |
BTMs ¢ @ *® o
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Endpoints primari e secondari

Primary
Endpoints

Key
Secondary

Endpoints

Other
Secondary/
Exploratory
Endpoints

Nuove fratture vertebrali a 12 mesi

Incidenza di fratture cliniche, sia vertebrali che non
vertebrali

BMD a 12 e 24 mesi in sede lombare, femorale

Incidenza di Frattura di femore ed altre fratture maggiori



Primary Endpoint
Incidenza di nuove fratture
vertebrali a 12 e 24 mesi

Subjects (%)

15

=
(@)

(62

12 Months* 24 Months*
B rRomosozumab M Alendronate B Romosozumab-to-Alendronate M Alendronate-to-Alendronate
15 -
RRR = 489%t*
P < 0.001

RRR = 37%f
P = 0.003

[
o
L

Subjects (%)

6.3%

(6)
1

128/2,047

11.9%
243/2,047

6.2%
127/2,046

N Engl J Med 2017.



Fratture Cliniche

IT-N-RM-OP-1900012

Subject Incidence (%)

20%

H
a
S

10%

3
X

0%

RRR =27%
P <0.0018™

Clinical Fracture*

B Romosozumab-to-Alendronate B Alendronate-to-Alendronate
N = 2,046 N = 2,047

RRR =19%
P =0.0378

RRR =27% RRR =32%
P =0.004$ P <0.001§

RRR =38%
P =0.0158

Nonvertebral Major i " Major
Fracturettt  Nonvertebral Hip Fracture Osteoporotic
Fracturet.i+ Fracture +88

RRR =35%
P <0.0018
|

Osteoporotic
Fracture »e



BMD lombare e femorale a 36 mesi

Change in BMD from Baseline (%)

N
(@)
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Lumbar Spine

B Romosozumab-to-Alendronate

Romosozumab: N = 1,750
Alendronate: N = 1,757

15.2%*

12 24
Month

14.9%*

36

Change in BMD from Baseline (%)

Total Hip

I Alendronate-to-Alendronate

20 1

=
ol
L

=
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Romosozumab: N = 1,826
Alendronate: N =1,829

7.1%* 7.0%*

12 24 36
Month



Romosozumab or Alendronate for Fracture Prevention
in Women with Osteoporosis

Month 12: Primary Analysis:
Ewvent Double-Blind Period Double-Blind and Open-Label Period™
Alendronate to Romosozumab to
Alendronate Romosozurmab Alendronate Alendronate
(N =2004) [N = 2040) (M =2014) (M = 2040

number of patients (percernt)

Adverse event during treatrment 1584 (FE.&) 1544 [F5.7) 17E4 (EB.&) 1766 [(B6.5)
Back pain 228 (11.3) 186 (9.1} 193 [19.5) 329 (16.1)
Masophargngitist 218 (1L0.8) 213 (10.4) 373 [18.5) 363 (17.5)

Serious adwerse event 278 [(13.8) 262 (12.8) 605 (F0.O) 586 (2B.7)

Adjudicated serious cardiovascular eventi 38 (1.9) S50 (2.5) 122 (6.1) 133 (6.5)
Cardiac ischemic event 16 (0.8) 20 (1.3 30 (1.5)
Cerebrovascular event 16 [(0.8) 27 (1.3) 45 [2.Z)

23 (1.1) 12 (0.85)
Death 12 (0.5) 17 (0.8) 55 (2.7) 58 (2.8)
Moncoranary revascularization 5 [D.Z) 3 (D.1) 10 (0.5] & [0.3)
Peripheral vascular ischemic event not requiring 2 [=0.1) 4] 5 (0.2) 2 (=0.1)
revascularization

Death Z1 (1L.0)§ 30 (1.5) 90 (4.5)§ S0 (4.4)

Event leading to discontinuaticon of trial regimen 64 [3.Z) 7O (3.4) 146 (7.2) 133 (6.5)

Event leading to discontinuaticn of trial participation Z7 (1.3) 30 (1.5) 43 (2.1) 47 (Z.3)

Ewvent of interestY
Ostecarthritis | 146 (7.2) 138 (6.8) Z68 (13.3) 247 (12.1)
Hypersensitivity 118 (5.9) 122 (6.0) 185 [9.2) 205 (LO.0)
Injection-site reaction** 53 [2.6) S0 [4.4) 53 [2_5) Q0 (4.4)
Cancer 28 (1.4) 31 (1.5) ES [4.2) B4 (4.1)
Hyperostosis{t 12 [0.5) 2 [=0.1) 27 (1.3) 23 (1.1}
Hypocalcemia 1 (=<0.1) 1 [=0.1) 1 [=0.1) 4 (0.2)
Atypical fermoral fractured o (4] 4 (0.2) 2 (=o0.1)

Ostecnecrosis of the jawi o o] 1 [=0.1) 1 (=0.1)




Efficacy and safety of Romosozumab in treatment for low bone
mineral density: a systematic review and meta-analysis

Outeome Comparison Certainty assessment No. of patients Effect Certainty
Mo.of Stdy  Riskof Inconsistency Indirectness Imprecision Other Intervention Comparson relative (953% CI)
stodies  design  bias comsiderations
Dieath Placebo vs. Romo 3 RCT Mot Mot sericis Mot serious Mot serious None 3801 3720 085 (05 to 1.45) SESd HIGH
2o SCTIAES
Placebo vs. Romo 2 RCT Mot Mot sericis Mot serious Mot serious None 114 115 0.25 (0,03 to 2.26) SHSE HIGH
T0 SETIAIS
Hypersensitivity Placeho vs. Romo 2 RCT Mot Mot serios Mot serious Mot serious Mone 3638 3654 1.02 {085 to 1.23) SEdd HIGH
o SETIAIS
Injection-site reaction Alendronate va, 2 RCT Mot Mot sericis Mot serious Mot serious Mone 2098 2098 057 (041 o O8) SHSE HIGH
Raomo 210 SETIAIS
Placeho vs. Romo 4 RCT Mot Mot seriois Mot serious Mot senous Mons 364 ERLE] 0.55 (043 to 0.69) SHHS HIGH
o SETIAIS
Teriparatide vs. 2 RCT Mot Mot sericis Mot serious Mot serious None 270 173 033 (014 to 0.79) SHES HIGH
Raomo 210 SETIAIS
Orstenarthrins Placeho vs. Romo 3 RCT Mot Senous Mot serious Mot serious Mone K15 3736 0.74 (02510 22) SHHO
2o SETIAIS MODERATE
Cancer Placeho vs. Romo 3 RCT Mot Mot seriois Mot serious Mot senous Mons EH ] 3736 116 (082 to 1.63) SSEE HIGH
2o SETIAIS
Any adverse event Alendronate vs. 2 RCT Mot Mot senios Mot senious Mot serious None 2098 2098 112 {097 to 1.29) SHEd HIGH
Romo 210 ST
Placeho vs. Romo 2 RCT Mot Very serious Mot serious Mot serious Mone 114 115 045 (011 to 1.91) SE00 LOW
140 SETIAIS
Placeho vs. Romo 4 RCT Mot Senous Mot secrious Mot serious None IR64 1783 0.77 (043 to 1.36) BEH0
2o SETIAIS MODERATE
Placeho vs. Romo 2 RCT Mot Senous Mot secrious Mot serious None 114 115 0.21 (002 to 1.94) BEH0
T0 SCTIAES MODERATE
Teriparatide vs. 2 RCT Mot Mot sericis Mot serious Mot serious None 270 173 0.65 (045 to 0.95) BSOS HIGH
Romo 210 SCTIOUS
Adverse event keading to Placeho vs. Romo 3 RCT Mot Mot sericis Mot serious Mot serious Mone B3 3736 LOE (0,72 to 1.6)  SEEE HIGH
discontinuation of study drug 210 SCTIS
Adjudicated cardiovascular death  Placebo vs. Romo 2 RCT Mot Mot sericis Mot serious Mot serious Mong T4 3657 089 (D46 to 1.74) SSEE HIGH
2o SETIOWS
Adjudicated serious cardiovascular  Placebo vs. Romo 2 RCT Mot Mot sericis Mot serious Mot serious Mong T4 3657 0.89 {059 to 1.34) SHEE HIGH
event o SETIAIS

Clin Rheumatol 2020



TAKE HOME MESSAGES

Romosozumab e un anticorpo monoclonale che esplica effetti anabolici ma anche di
tipo antiriassorbitiviche sembrano diventare preponderanti nel lungo periodo

| trial clinici ne hanno dimostrato una piu chiara efficacia in termini di riduzione di
fratture sia vertebrali, non vertebrali e femorali oltre che aumento della BMD rispetto a
comparatori«gold standard» quali alendronato e teriparatide

Nonostante la assunzione per un solo anno, gli effetti antifratturativie della BMD
aumentano progressivamente dopo switch a denosumab o allo stesso alendronato

Gli aumenti densitometrici e I'efficacia anti-fratturativa sono cosi rapidi che anche in
termini di costo-efficaciala imminente immissione in commercio di tale terapia
potrebbe stravolgere le attuali flow-churt terapeutiche ministeriali (nota 79)

La safety e risultata buona anche se il possibile potenziale effetto «cardiovascolare»
della molecola probabilmente ne limitera I'utilizzo a pazienti con problematiche
cardiologiche/neurologiche di una certa consistenza



