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Why discuss bone health in a
breast cancer (BCa) session

Estrogens are the major protector of a woman’s
bone

Loss of estrogens at the menopause is a risk
factor for osteoporosis, as is advancing age

Since estrogens are the “driver” of BCa growth,
estrogen deprivation is a critical therapy for BCa
Including tamoxifen or aromatase inhibitors (Als)

These therapies substantially increase the risk of
osteoporosis in BCa patients

Osteoporosis means increased risk of fracture



Osteoporotic Loss of Bone Trabeculae

L2, 37y.0. male L2, 75y.0. female




Normal Bone Osteoporosis




Common fracture sites are spine,
hip and radius (wrist)



Osteoporotic Fractures in Both Women
and Men Increase with Age

Incidence/1000,000 Person-Year
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Osteoporosis of the lumbar spine




Osteoporosis with compression
fractures




Vertebral Compression Fractures
Causing Kyphosis

Osteoporosis in the vertebrae

i I|
| _lI T
.l‘ll
o .I I
1
|
Y %
) N
= ". |
- ".I =,
r | 1
P ~ R
I. T 1
,l"l I : ud- ¥ [
.'II f |I
/ d
B | ! -
M1 f
e | |I Lk
= L] | |
~ I II Il :
| S
Sy | I ¥,
= i [
| 5 | |
L : III
N |
: FE N |
4 i
1
!



Falls and Hip Fracture

Femorl

Hip fracture due to
osteoporosis
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Dual X-Ray Absorptiometry (DXA)

Measure of bone mineral density (BMD)

BMD is surrogate for osteoporosis although
doesn’t always correlate with fracture risk

Measure at hip and spine, expressed as standard
deviations from mean

T-score: comparison to healthy 20-year old
Z-score:. comparison to subjects of same age

WHO criteria for T-score:
+ 1.0 to -1.0 normal
-1.0 to -2.5 osteopenia
>-2.5 osteoporosis
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CHANGES IN BONE MASS WITH AGE
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Age (in years)
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Bone Mineral Density (BMD) T-Scores

T-score- Compared to young adult peak bone mass
Z-score- Compared to women of your age

Normal Bone

0 Mineral Density (>-1.0]

-1.0
Osteopenia (-1.0 to -2.9)

2.5 Osteoporosis [< -2.5)



World Health Organization (WHO)
Osteoporosis Guidelines

Peak Bone Mass
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The Majority of Osteoporotic Fractures
are in Women with Osteopenia
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Because the number of women with osteopenia is much
greater than those with osteoporosis



Fracture rate per 1,000 person-years

The Majority of Osteoporotic Fractures
are in Women with Osteopenia
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FRAX: WHO fracture risk assessment
site: http://www.shef.ac.uk/FRAX/

Background

The World Health Organization has done a huge meta-analysis of fracture prediction
from cohorts around the world. There were 9 prospective cohort studies with 46,340
persons, and validation was done in another 11 cohorts with 230,486 persons, and
altogether there were 1.2 million person-years included in these observations (Kanis JA).

The risk factors were chosen because they:

* were included in the primary cohorts

* could be easily checked by questionnaire

* were significantly related to fractures

® gave information bevond that from bone density alone
® were common.

The references and some explanations are provided on their website.



Please answer the questions below to calculate the ten year probability of fracture with BMD.

Country : US (Caucasian]  Name /1D : About the risk factors (1 )

Questionnaire: 10. Secondary osteoporosis oMo Yes

; ; o i 11. Alcohal 3 or more dnits per day = Mo Yes
leight Conversion: 1. Age (bhetween 40-80vears) or Date of hirth x —

wound: [ ] Age: Date of hirth: 12. Femaoral neck BMD (afcm?2)
. ) o .
cony ert T i D Select DXA | |
2. Sex _Male _ Female Clear | | Calculate
3 Weight (ko)
eight Conversion: 4. Height (emy |
nch: [ ] A, Prewious fracture oMo Yes
cony ert
6. Parent fractured hip = Mo Yes
7. Current smoking = Mo Yes
2. Glucocorticoids = Mo Yes
8. Rheumatoid arthritis = Mo Yes

For USA use only
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The "X" marks show the results for a person with aT-score of -2.5 and
no other risks.

The white lines represent the views of the Nation&steoporosis
Foundation in the US (Dawson-Hughes), who recommertceatment
above a 10-year hip fracture risk of 3% or a majorfracture risk of 20%.



Life Style Preventive Measures



Traditional Nonpharmacological
Management for Prevention and
Treatment of Osteoporosis

Calcium (1200-1500 mg/day In
divided doses)

Vitamin D 600 |U/day
/700 IU/day for >70 years of age

Weight-bearing exercise
Fall-prevention technigues






Clinical Picture of Osteoporosis

Definition is often based on bone mineral
density (BMD) or previous non-traumatic
fracture

Major sites of concern are lumbar spine, hip and
radius

On x-ray, bone is thin (radiolucent). On
histology the bone that is there is normal but
there is less bone

Routine blood tests are normal

Tests of bone turnover are used to measure
bone resorption and bone formation



Bone Is Constantly Turning Over

Resorption

<
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ormation

Loss of bone is when resorption exceeds formation



Cells in Bone DeterminingTurn Over
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Treatment bone cell targets
Osteoclasts
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Drugs Used In the Treatment of
Osteoporosis

Calcium and Vitamin D
Sex steroids

Bisphosphonates
— Fosamax, Actonel, Boniva, generics, Zometa
Calcitonin

SERMSs
— Tamoxifen, Evista

PTH
— Forteo

Denosumab
— Prolia, Xgeva



Bisphosphonate Usage

Anti-resorber (inhibits bone destruction)

Very safe, convenient and effective for osteoporosis
but there are potential problems.

— Ritual for dosing oral (weekly or monthly)
« Upright, empty stomach, NPO,

— Esophageal irritation and Gl bleeding
— Osteonecrosis of the jaw (ONJ) rare/dental surgery
— Unusual/atypical fractures in the femur (thigh bone)

e Controversial whether this is real

Higher doses for bone metastases mean more
complications

How long to continue? Holidays?



Intravenous Bisphosphonates
ZOMETA (zoledronic acid)

» Used once per year to treat osteoporosis

 \WWhen breast cancer progresses out of the
local area of the breast It often
metastasizes to bone

 Used more frequently (once/4 weeks) to
Inhibit cancer spread to bone or

progression of metastasis already in bone



Denosumab (Prolia/Xgeva)

Newest drug to prevent and treat osteoporosis
(FDA approved June 2010)

Also an anti-resorber but unigue mechanism of
action

Fully-human monoclonal antibody targets
RANKL the hormone that stimulates osteoclasts
(bone resorbing cells)

SC injection once every 6 months to treat
osteoporosis (Prolia)

Used more frequently to prevent or treat bone
metastases (Xgeva)



Teriparatide (Forteo)

A recombinant form of parathyroid hormone
(PTH 1-34)

Of all drugs available it is the only one to
stimulate bone formation (anabolic)

Must be injected SC daily into thigh
— (patient does it)

Still has a “black box” warning for
osteosarcoma, no reports in humans

Has largest benefit to increase bone



Estrogen Receptor Positive (ER+) BCa

About 2/3 of cases are ER+
Better Prognosis

After surgery and/or XRT reducing or blocking
estrogen action is beneficial to inhibit BCa

This can be done with Als or SERMSs

The best example of targeted therapy depending
on the properties of the cancer

But estrogens protect bone (even post-
menopause due to local synthesis in breast)

Loss of estrogen synthesis by treatment with Als
promotes osteoporosis

SERMs have some estrogenic activity in bone
and protect bone somewhat



Two Clinically Useful Ways to Inhibit
Estrogen Action

Als block estrogen
synthesis

SERMSs block
estrogen action




SERM Activity in Different

Breast

Uterus

Bone

Organs

Tamoxifen Raloxifene (Evista)

Antagonist Antagonist

Agonist Neutral

Agonist Agonist



Reduced Incidence of Breast Cancer
with Raloxifene (Evista)



Osteoporosis Drug Use In Breast
Cancer Patients

Bisphosphonates protect against
0Steoporosis

Attempt to reverse the negative effects on
bone of Als

In high dose (Zometa, V), inhibits bone
metastasis

New drug is Denosumab (Xgeva) given by
subcutaneous injection



Osteoporosis Therapies

PTH (Teriparitide)

Stimulates OB Anti-rank ligand
bone formation Denosumab

A

Anti-resorbers
Bisphosphonates
Estrogens
SERMSs
Calcitonin




Thank you for your attention

Time for questions



