OPG-Fc inhibits ovariectomy-induced
growth of disseminated breast cancer cells
in bone.
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l Background

 ~70% patients with late stage breast cancer develop bone
metastasis.

* This condition is considered incurable with patients surviving
2-3 years after initial diagnosis of bone involvement.

* Current treatments are palliative; patients receive
chemotherapy to treat their tumours and anti-resoptive
agents to control their bone disease.

 We have focused on optomising the use of anti-resorptive
agents (zoledronic acid (ZOL) and OPG-Fc) to increase their
anti-tumour properties.



l Breast cancer bone metastasis
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Effects of adding zoledronic acid to doxorubicin

on breast cancer bone metastases
e

6 week female BALB/c nude mice n=10/group
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Ottewell et al Clin Can Res 2008



Effects of doxorubicin and zoledronic acid on
breast cancer growth in bone
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Sequential administration with Dox followed by ZOL significantly reduced MDA-MB-231 breast cancer cell
growth in bone . Ottewell et al Clin Can Res 2008




l Clinical study design; AZURE

Standard therapy

3,360
Breast Cancer

Patients
Stage II/1lI

N\

Standard therapy +
Zoledronic acid 4 mg

UK 123 2710
Eire 10 247
Months 6 30 60

Australia 28 226

Spain 8 107 _ _ _

Portugal q 32 Zoledronic acid treatment duration 5 years
Thailand 2 25

Taiwan 2 13

Coleman et al. N Engl J Med 2011; 365:1396-1405




Analysis of relapse in bone; AZURE
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Adding zoledronic acid to standard of care delayed
bone metastases

Coleman et al Lancet Oncology 2014;

15(9):997-1006



Disease free survival and menopausal status;
AZURE
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Zoledronic acid provided significantly greater therapeutic
beneﬁt to pOSt menopausal women, Coleman et al Lancet Oncology 2014; 15(9):997-1006




l Emerging hypotheses from adjuvant trials

., ]

* Bisphosphonates predominantly reduce distant metastases rather
than either local recurrence or contralateral disease

» Effects likely to be largest on bone recurrence

* Bisphosphonates only improve disease outcome in women who

have low levels of reproductive hormones

— Established natural menopause

— Induced menopause at start of treatment

Why do bisphosphonates specifically benefit
patients with established menopause?

Coleman RE SABCS 2013 Abs S4-07 and Lancet in press



Modeling the pre-and post-menopausal bone

environment in the laboratory
[

12 week female BALB/c nude mice n=5/group

€ Experimental time line -
Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 57
ovagﬁ:x’my/ cull cull cull cull cull cull
ovariectomy N=5/group N=5/group N=5/group N=5/group N=5/group N=5/group
N=35/group

How does OVX alter the bone environment over time:
- Bone volume

- Osteoclast activity (TRAP ELISA)

- Osteoblast activity (PLINP ELISA)

Ottewell et al Clin Can Res 2014



Bone microenvironment different under pre-
and post-menopausal conditions

Baseline 8 weeks
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Effects of ovariectomy on tumour cell
proliferation in bone
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Summary/research question

* Mimicking the menopause with ovariectomy alters bone
turnover.

* OQOvariectomy stimulates proliferation of dormant breast
cancer cells in bone.

* Can anti-resorptive agents prevent ovariectomy induced
proliferation of breast cancer cells in bone?

* Do anti-resorptive agents have different anti-tumour effects in
pre- and post- menopausal bone environments?




Effects of ZOL on normal bone
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ZOL inhibits bone turnover by reducing osteoclastic resorption of bone

Ottewell et al INCI 2008



Effects of ZOL on ovariectomy induced tumour
growth and bone resorption
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Ottewell et al Clin Can Res 2014




Do other anti-resorptive agents prevent OVX

induced bone metastases?
|

Denosumab in the clinic:

* Human specific monoclonal antibody that binds RANKL with
high affinity blocking RANK/RANKL interactions essential for

osteoclatogenesis.

e Superior to zoledronic acid for prevention of skeletal
complecations in patients with breast cancer bone metastasis.

OPG-Fc in the laboratory:

e Potent inhibitor of osteoclatioenesis that acts by preventing
RANK/RANKL binding.

We investigated the effects of inhibiting OVX-induced bone
resorption through targeting RANK/RANKL interactions in our in
vivo model of disseminated breast cancer cells in bone.




Effects of OPG-Fc on bone
[
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Effects of OPG-Fc on growth of disseminated

breast cancer cells in bone
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Effects of OPG-Fc on tibiae of mice following

tumour cell inoculation
[

Sham oVvX Sham oVvX
saline saline OPG-Fc OPG-Fc
40+
AAA AAA
30+
X
E 20
>
m
10~
0-

Sham ovX Sham ovX
saline saline OPG-Fc OPG-Fc

TRAP (ULL)

15 A 4-
10 E OPG-Fc inhibits ovariectomy
2 induced bone resorption
5 = leading to a net increase in
bone volume and decrease in
Sham ovX Sham ovX Sham ovXx Sham ovX bone Ce” aCtIVIty'
Saline Saline OPG-Fc OPG-Fc Saline Saline OPG-Fc OPG-Fc

Ottewell et al Int J Can 2015




Summary

Tumour cells Ovariectomy Tumour cells
arrive in stimulates are triggered
bone bone to ‘wake up’

turnover

Bone derived
growth
factors

@
(AP

11

Osteoblastic .
Osteolytic
factors
factors



l Conclusions
—/Z

e Cellular mechanisms responsible for driving tumour growth are
different in pre- (sham) and post menopausal (OVX) bone
metastasis models.

* Osteoclast mediated mechanisms drive progression of
disseminated tumour cells only in the post-menopausal model.

\ 4

* Inhibition of osteoclast activity with ZOL or disruption of
RANK/RANKL interactions following administration of OPG-Fc
inhibits OVX induced stimulation of dormant tumour cells in bone

Our data support early intervention with anti-resorptive therapy in
a low oestrogen environment to prevent development of bone
metastases.
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