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Treatment with romosozumab

Diabetic subgroup of FREEDOM trial had less effective response to denosumab
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6 9 6 9

» Anti-resorptive: bisphosphonates, denosumab...

34 31

0 1 04

Total hip percent change
from baseline

* Anabolic or dual-action: PTH & romosozumab

=3 e ————— T " -3 *r

BL 1 2 3 4 5 6 8 10 BL 1 2 3 4 5 6 8 10

Number of subjects (n) Study year Study year
— 211 192 170 101 100 4 49 — 3352 307 2863 1905 1795 1378 1360 1140
28 208 188 131 124 100 86 ® 3341 3144 2931 2001 1893 1467 1432 1146

Anti-resorptive medications decrease turnover

The sclerostin antibody romosozumab increases formation and

» Less effective in diabetic patients where
reduces resorption instead of reducing both

turnover is low anyways Total Hip BMD PINP B. B-CTX
231 150 150
_ _ _ 20{  ...210 mg Romo 100]* -
No data on anabolic treatment for patients with 15 ---PBO

501 L4
diabetes (e.g. anti-sclerostin antibody romosozumab) - E \
5 o o o
o..;L/z . -50
= - —}\{,-
s & 0 % Muo3s U W o 036 12 18 24

ETHzirich

Institute for Biomechanics

Study Month

Study Month Study Month

McClung et al. (2018), doi: 10.1002/jbmr.3452
22.09.22 2



Agent-based model of post-menopausal osteoporosis

Romo
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TGF-B —_— 5 Sclerostin

Model input:

7 u-CT iliac crest biopsy
scans from women (mean +
age 72y), BV/TV

distribution matched to
FREEDOM trials for >
denosumab
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Higher fracture risk in type 2 diabetes despite equivalent BMD

T2DM effects on bone

sclerostin
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Bone density is low and both Bone density is high but the ® GLTAZONES
resorption and formation are high, microstructure is weak and bone
with resorption even higher than  resorption and formation are both
formation low. NEPHROPATHY

(1]

E'HZ ur ICh Institute for Biomechanics ' Hofbauer, 2020, ECTS 22.09.22 4



Introduction

Characterizing normal vs diabetic patients

Sclerostin (pM)

Cytokines
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Introduction

Adapt micro-multiphysics agent-based model to achieve 3 aims:

« Aim 1: Propose and implement mechanism to adapt existing model to obtain changes in formation and

resorption post romo injection that match bone turnover marker (BTM) measurements in clinical trials.

« Aim 2: Generate 6-month pbo and romo in silico clinical trial results on 7 biopsies with new PMO model

settings and compare BMD trends to previous results.

« Aim 3: Analyze effect of initial conditions on response to romo treatment.
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Pharmacodynamics of romo: verifying diffusion and binding

Mechanism of action

Match pharmacokinetics (210 mg/month sub.c.) from phase 1

clinical trials Osteocytes

SCL should drop post injection as it is bound sclerostin

Inhibits Wnt

Verify cell and cytokine behaviour STl

Reduces bone
formation

Match BMD and BTM changes to phase 3&4 clinical trials
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Sclerostin-dependent RANKL production

| Rate of RANKL production = e ~%*
» Production of RANKL by osteoblasts and

osteoclasts is sclerostin-binding dependent where x is the ratio of free
» Low RANKL production when sclerostin is low to occupied LRP6 sites
and LRPG free sites are high

« Can characterize rate of RANKL production in terms Lo
of ratio of free and occupied LRP6 sites

= One idea was to use an activation function that o

maps (0, ) to (0,1)

0.6

* Hyperparameter a controls how quickly the rate
decays as sclerostin drops
= After trying out different values, an exponential
activation function with a = 2 * 10~* seemed to
give good results 02
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Level of RANKL production

0.0

Ratio of free to occupied LRP6 sites
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BMD starts to increase sharply post romo injection
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Sclerostin drops sharply post romo injection
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Cell behaviour matches clinical trials
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Discussion and limitations of aim 1

| Small sample size (N=7) with large interpatient

v" Behaviour of cells and cytokines immediately variability

post romo injection matches clinical trials | Other pathways are thought to play essential roles

in bone remodelling in diabetes (e.g. inflammatory
pathways via interleukins)
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Romo and placebo simulations: Trends in bone mineral density
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1 year romo and placebo simulations: Trends in cell numbers
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Discussion and limitations of aim 2

| Small sample size (N=7) with large interpatient
L . variability
v' Strong rise in BMD and levelling off as expected

| Levelling off occurs earlier than expected

| Lack of info in literature about cell numbers to
compare to.
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Effect of initial conditions on response to treatment

16.00 -

8.00 1
14.00 - 700 4
12.00 - 6.00
Percent change in 10.00 - RANKL °-00 7
BMD 8.00 A (PM) 4 00 -
6.00 - 3.00 A
4.00 - 2.00 A
2.00 A 1.00 -
0.00 + \ 0.00
0 1 2 3 4 5 6 0 1 2 3 4 5
Time [months] Time [months]
— (o)
400.00 1 —BV/TV=21.4%
350.00 -
—_ 0,
300,00 - BV/TV=15.7%
Sclerostin
(pM) 250.00 -

_BV/TV=13.0%

—BV/TV=11.4%
—BV/TV=9.6%

S —BV/TV=6.8%

Time [months]

200.00 -
150.00 A

100.00 A

50.00

. - 0,
E'HZUI’ICh Institute for Biomechanics - BV/TV— 7 '8 A) 22.09.22



Discussion and limitations of aim 3

| Small sample size (N=7) with large interpatient

v' Expected effects of romo injections on RANKL variability especially in BMD trends

and sclerostin concentrations | Future work: quantify effect of initial static

morphometrics on response to treatment, looking
especially at SMI and surface gradient as was done
for denosumab treatment
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Conclusion

v" The adapted micro-MPA model closely matched trends in romosozumab clinical trials.

v Simulated the effect of romosozumab on a previously untested patient demographic, suggesting

significant potential of anabolic treatment using romosozumab in patients with diabetes mellitus.

« Validation by future clinical trials needed, especially considering increased risk of adverse

cardiovascular events in diabetic patients.
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