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Whnt-Signalling, Sclerostin and Bone

Across all studies, increases in bone mass were observed as a result of
pathway activation, and decreases in bone mass were observed as a

result of pathway inhibition.
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Sclerostin — Inhibition and Bone Turnover
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Whnt-Signalling, Sclerostin and Bone
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Bone Remodelling
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Therapeutic Interference with Bone Turnover
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Formation vs Resorption

- Bone formation === Bone resorption

%100, ROMO

50 1

3M 6M IM 12M i 0 1Wk1M 2M 3M 6M 9M 12M

Sclerostin simulates production of

LOF?%:"Q RANKL by neighboring osteocyctes

Estrogen

Sclerostin AB

Appelman-Dijkstra, Papapoulos, Drugs 2015, Modulating Bone Resorption and
Formation in Opposite Directions, Anti-Sclerostin, Osteoporosis



Romosozumab and Bone Turnover

Mean Percent Change from Baseline

200 A
= P1NP

— SCTX

5 mg/kg SC
160 = (n — 9)

-80

36 43 50 57 64 71 78 85

Time (day)

0 8 15 22 29

Adapted from: Padhi D, et al. J Bone Miner Res. 2011;26:19-26.
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Romosozumab and Bone Turnover

Effects of 2 Years of Treatment With Romosozumab Followed by
1 Year of Denosumab or Placebo in Postmenopausal Women

with Low Bone Mineral Density.
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12 Mo 12 Mo

FRAME - Bone Turnover and BMD
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FRAME — Fracture risk

A Incidence of New Vertebral Fracture
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Continued Fracture Risk Reduction
After 12 Months of Romosozumab
Followed by Denosumab Through
36 Months in the Phase 3 FRAME

(FRActure

postmenopausal

in
with

study
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Background: Romosuzumab for 12 mos followed by Denosumab for 12
mos results in BMD gains and reductions in vertebral and clinical fractures

(Cosman et al, 2016)

Question: Upon transition to denosumab for 2 years, does the earlier

Romosozumab effect persist?

Design:
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n=3589
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Design:

Fracture Risk Reduction After 12 Months of 12 mos 24 mos
i Denosumab (n=2851)
Romosozumab Followed by Denosumab n=3589

Through 36 Months in the Phase 3 FRAME " Placebo(n=3sl)  Dencsumab(nezs2) | §

Time to First Clinical and Nonvertebral Fracture Through Month 36
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Nonvertebral fractures comprized the majority (more than &5%) of clinical fractures. n=number ofsubjects at risk for event at time point ofinterest. Relative risk reduction and P-values for
12-month and 24-month periods are adjusted values based on a sequential testing procedure as reported for the primary analysis. P-values for month 35 are nominal

Romosozumab followed by DMAb ...reduced new vertebral, clinical, and non-
vertebral fracture risk vs Pbo followed by DMAb for 24.....underscoring a potential
foundational effect of Romo.

Lewiecki 2017, ) Bone Miner Res 32 (Suppl 1) #1071



A Randomized
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A Randomized Alendronate-Controlled Trial of Romosozumab: Results
of the Phase 3 ARCH Study (Active-contRolled fraCture study in
postmenopausal women with osteoporosis at High risk)

Month 12: Primary Analysis:
Event Double-Blind Period Double-Blind and Open-Label Period™
Alendronate to Pomosozumab to
1 1 E Alendronate Romosozumab Alendronate Alendronate
Observed imbalance in CV SAEs compared e s e o

with ALN not seen in the FRAME study

number of patients (percent)

Adverse event during treatment 1584 (78.6) 1544 (75.7) 1784 (B8.6) 1766 (B6.6)
Back painf 228 (11.3) 186 (9.1) 393 (19.5) 329 (16.1)
Masopharyngitist 218 (10.8) 213 (10.4) 373 [18.5) 363 (17.8)

Serious adverse event 278 (13.8) 262 (12.8) 605 (30.0) 586 (28.7)

Adjudicated serious cardiovascular events 38 (1.9) 50 (2.5) 122 [6.1) 133 [6.5)
Cardiac ischemic event 6 (0.3) 16 (0.8) 20 (1.0) 30 (1.5)
Cerebrovascular event 7 (03) 16 (0.8) 27 (1.3) 45 (2.2)
Heart failure & (0.4) 4 (0.2) 23 (1.1) 12 (0.6)
Death 12 (0.6) 17 (0.8) 35 (2.7) 58 (1.8)
Moncoronary revascularization 5 (0.2) 3(0l) 1o [0.5) & (0.3)

Saag, NEIM 2017 Per'ﬁzf:ligﬂuxi::iczglt%;fn:hem'n: event not requiring 2 [«0.1) 0 5 (D2) 2 (<01)

Death 21 (L.o)§ 30(l.5) 90 (4.3)§ 90 (4.4)

Possible underlying mechanisms:

- Role for sclerostin in vasc. regeneration: SOST is expressed in aortic vascular smooth muscle

- Alendronate / BP might be cardioprotective, and the rate of cardiovascular events in the
romosozumab group appears relatively higher than expected

- The number of adverse events was small, leading to the possibility of a type | error



Whnt-Signalling, Sclerostin and the vasculature
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Ott, Kidney Int 2015, Bone cells, sclerostin, and FGF23 - what’s bred in the bone will come out in the flesh



Sclerostin

can inhibit

BMP2

and reduce arterial calcification
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Nguyen-Yamamoto et al., JCI Insight 2019: Sclerostin can inhibit BMP2-induced transdifferentiation of
osseous cells in the arterial wall and reduce arterial calcification

Wnt-Signalling, Sclerostin and the vasculature

Intracellular 1,25D stimulates Sclerostin synthesis. Sclerostin,
through inhibition of PHEX (an FGF23 inhibitor), indirectly

increases FGF23

production. Also, Sclerostin inhibits 1,25D synthesis through
direct (inhibition of renal 1-aOH-ase) and indirect (stimulation
of FGF23) effects.
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Tartaglione et al., PLoS one 2017: Sclerostin indirectly increses FGF-23 ans inhibits 1,25D synthesis



BRIDGE Study, n=245 men, 55-
A Phase Ill Randomized Placebo-Controlled Trial to Evaluate Efficacy and 90y
Safety of Romosozumab in Men With Osteoporosis Ramdom. 2:1, Romo vs PBO

Primary efficacy endpoint was percentage change from baseline in LS BMD at month 12

a PINP
& (@) “ Lumbar Spine . - -
2 12: —s- Romosozumab 210 mg QM (N = 157) 12.1% Table 2. Summary of Subject Incidence of
@ g ol " Placebo (N =79) /0% Treatment-Emergent Adverse Events Through
5 107 | £ 5l i Month 12
3 i
s *1 / N\ 2 °] Romosozumab
% wl & 1 12% 210 mg QM Placebo
g / 5 21 I _§ Adverse event, n (%) (N = 163) (N = 81)
< / g 04— o ey o ARD - -SSR
s 21/ S < Any adverse event
g 4 L 1 - | g Bl 12 Serious adverse event
8 1 ‘T ----- e 1 b 78 70 Adjudicated cardiovascular
& _sp B RomosoemRbin = a6 157 serious adverse event?
(b) 14 Total Hip Cardiac ischemic event 0 (0.0)
-50 . : : : £ |, | ~= Romosozumab 210 mg QM (N = 158) Cerebrovascular event 1(1.2)
0o 1 3 6 12 2 1]~ Placebo (N=70) Death<? T(1.2)
m -
S N ”;’;“" w & sl Heart failure 1(0.6) 0 (0.0)
i Death 1(0.6) 1(1.2)
= 6 ; . . . : :
Romosozumab n =159 1% ! 18 % 4l Leading to discontinuation of 5(3.1) 1(1.2)
(b) CTX S ] investigational product
100 - 8 ol Events of interest
0 & o Hypocalcemia 0 (0.0 0 (0.0)
3 751 Hypersensitivity . 8 (4.9 4 (4.9)
g S odbon e = - Injection-site reaction 9 (5.5) 3(3.7)
§ 50 1 Romosozumab n = 157 158 Ma“gnancy 3(1 8) 2 (25)
- To©,, Femoral Neck Hyperostosis 0 (0.0) 0 (0.0)
£ 257 . £ |, | —= Romosozumab 210 mg QM (N = 158) Osteoarthritis 8 (4.9) 4 (4.9)
12
5 i | . P! § o Pladetio (=79 Atypical femoral fracture? 0 (0.0) 0 (0.0)
g N ——¢----- - -~ 7 T 5§ &l Osteonecrosis of the jaw’ 0 (0.0) 0 (0.0)
A | oo——— & e Incident fracture? 3(1.8) 2 (2.5)
E; i A T 0§ ] 2o Subject incidence of anti-
-50 : . . : 9 = romosozumab antibody
o 1 3 6 12 8 ] formation
Mok g Binding antibodies 28 (17.2) NA
Placebo:n;=:-&1 B0 8 44 Neutralizing antibodies 1 (0.6) NA
Romosozumab n = 158 159 154 144
Placebo n = 78 79
#- Romosozumab 210 mg QM (N = 161) -e - Placebo (N = 81) Romosozumab n = 157 158

Conclusions: Treatment with romosozumab for 12 months increased the spine and hip BMD compared with

placebo and was well tolerated in men with osteoporosis.
Lewiecki et al., J Clin Endocrinol Metab 103: 3183-3193, 2018



Meta-Analysis Romosozumab and Risk of Cardiovascular Events

Romosozumab Comparator

Endpoint & Trial Events Total Events Total OR (95% Cl) P value
Cardiac ischemic events

ARCH 16 2040 6 2014 e 265 (1.03-677)

BRIDGE 3 163 0 81 - 3.55(0.1B-69.65)

Overall 19 2203 [ 2095 TR 2.98 (1.18-7.55) 0.02
Cerebrovascular events

ARCH 16 2040 7 2014 - = 2.27 (0.893-552)

BRIDGE 3 163 1 81 - > 1.50 {0.15-14.65)

Overall 19 2203 8 2095 e 2.15 (0.94-4.92) 0.07
Serious cardiovascular events

FRAME 44 3581 41 3576 —— 1.07 (0.70-1.65)

ARCH 50 2040 38 2014 —— 1.31 (0.85-2.00)

BRIDGE 8 163 2 81 2.04 (0.42-9.83)

Overall 102 5784 81 5671 k- 1.21 (0.90-1.63) 0.20

- | |
0.1 1 3 10

Effect (OR) of romosozumab on risk of cardiovascular events

Genetically and therapeutically lowered sclerostin leads to higher risk of cardiovascular events. Rigorous evaluation of the
cardiovascular safety of romosozumab and other sclerostin inhibitors is warranted.

Bovijn et al., BioRxiv 2019, Lifelong genetically lowered sclerostin and risk of cardiovascular disease



777 patients assessed for eligibility

341 excuded
306 did not meet inclusion criteria
L 35 other reasons

h 4

436 randomly assigned

v '

218 JSS‘EI’IEC\ to romosozumab

-1 218 assigned to teriparatide

20 discontinued study
15 consent withdrawn
3 lost to follow-up
1death
1other

18 discontinued study
15 consentwithdrawn
3 lost to follow-up
0 death*

¥ ¥

198 completed study 200 completed study

206 incleded in primary efficacy
analysist

218 included in safety analysist

204 included in primary efficacy
analysist

714 included in safety analysist

Transition to a bone-forming agent is
common practice in patients treated with
bisphosphonates, such as those who fracture
while on therapy. In such patients,
romosozumab led to gains in hip BMD that
were not observed with teriparatide. These
data could inform clinical decisions for
patients at high risk of fracture

Change from baseling (%)

Change from baseline (%)

Change from baseline (%)

Romosozumab vs Teriparatid following oral Bisphosphonates
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Langdahl, Lancet 2017



Comparison of changes in areal and volumetric BMD and in estimated bone strength
over 12 months of therapy with romosozumab and teriparatide.

. . . . . Reference Romosozumab 210 mg QM Teriparatide 20 pg/d
Bone Mineral Density Effects of various Combination TR B T =i
1 Lumbar spine [12] 12.3%° 6.9%
Treatment Regimens oy u e
Integral volumetric BMD (QCT)
Lumbar spine [12] 17.7%° 12.9%
Total hip 4.1% 1.2%
Estimated bone strength (FEA by QCT)
lﬂ 1 Lumbar spine [13] 27.3%° 18.5%
Total hip 3.6% —0.7%

4 Romo ==y DM ab a )

ROMO e ALN

—0

DMab + TPTD e

J

Total Hip BMD - % Change
LN
I

(ALN ZOL )
H DMab
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Lu m h ar Sp i ne HM D = % c ha ngE McClung, Osteoporosis and Sarcopenia 2018



Bone mineral density gains with a second 12-month
course of romosozumab therapy following placebo

or denosumab

a. Lumbar Spine

30+
254
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154
104

® Romosozumab (210 mg QM)

Percentage Change From Baseline

b. Total Hip
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All Postmenopausal Women
1) Lifestyle and nutritional optimization for bone health especially calcium and vitamin D
2) Determine the 10-year fracture risk according to country-specific guidelines

Endocrine Society Guideline . !

Low-Moderate Risk High-Very High Risk
Update 2020 ——
p Low Risk Moderate |
Risk L: \OR ‘ A A < A (A,z):
v & y v (4.2} v v v v
Reassess (21) Bisphosphonates (3.1) Denosumab
fracture risk |4 22)R fracture risk in 3—5 yrs | | (3.2) Reassess fracture risk in = Teriparati:)er gl;gbaloparatlde e Ro;gmf'umab
w“ . in 2—4 yrs (2.2) (5 yrs for oral, 3 yrs for IV) Cakfrlo V\';'sn "D (s.2) Calcium + Vitamin D (8.1) Calcium + Vitamin D
..romosozumab, a monoclonal antibody ) Calcm- Vtamin O 3 Caldam i oo L Sens ey
1 I |
. . . B v v
targeting sclerostin, for the prevention of Tow-Moderate sk | [ Figh Risk o Tow-Moderate Risk High Risk
. (2.2) Consider a drug (2.2) Continue Consider giving (3.2) Continue
fractures and concluded that this agent noliday conte | N bisphosphonatesand | | herapy or
. . (1.1) Reassess fracture switch to inappropriate.for then stoppil?g for a drug switchto
can be considered a treatment option for riskevery 2-ayrs | [2nothertherapy | qBove therapics” noficeg another therapy
2 If bone loss o {11.1) Reassess fracture risk
H H . . ha every 1-3 yrs
postmenopausal women at very high risk patient becomes high v v
risk, consider restarting Age <60 or Age >60 If bone loss, fracture
. ” therapy <10 yrs past menopause occurs, or patient
for osteoporotic fracture Low VTE risk beores gh itk
s [ consider restarting
therapy
No vasomotor symptoms I With vasomotor symptoms | v
. High breast cancer risk * Consider (in order):
Shoeback et al., JCEM 2020, Pharmacological 1) SERM (s 1)
Management of Osteoporosis in Postmenopausal + w‘i‘;’:":::;(::t::;;:s;is:;:z::i‘:‘) 2) HT/Tibolone (.1+6.2
Women - An Endocrine Society Guideline Update (s.1) SERM (raloxifene, bazedoxifene) :or Tibolone a) Cali,i::?t\?i't\::r:z:o &5

Fracture Risk BMD, Hip or Spine, FRAX 10y Fracture risk, Major

Fx History (Hip + Spine) FRAX 10y Fracture risk, Hip

T-Score osteop. Fracture
Low >-1.0 none <3% <20%
Moderate >-2.5 none <3% < 20%

High

IN

-2.5 one > 3% >20%

Very high <-2.5 multiple n.a. n.a.




Alle grogen [eute waren einmal Kinder,
aber nur wenige erinnern sich darah.




