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Outline
1. Describe bony metastatic biology and address unmet
questions
2. Describe comparisons between agents including
benefit in metastatic setting and toxicity comparison
– Describe recent adjuvant therapy data
– Caucasian vs. Asian genome

3. Describe WHO list of essential medicines/QOL in
advanced disease and ask whether bone directed
therapy should be on the list
Management of Bone Health

Bone metastases are common in patients
with advanced solid tumours

Incidence of bone metastases (%, range)
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Bone metastases can have serious
and debilitating consequences  SREs
• Skeletal-related events (SREs) are defined as:1,2

Radiation
to bone

Pathological
fracture

Spinal cord
compression

Surgery
to bone

• Incidence untreated patients (placebo arm Kohno JCO 2005 vs next slide)
• A composite SRE endpoint is commonly used in clinical trials to evaluate
the efficacy of bone-targeted agents2
– Pathological fractures may be symptomatic or identified by imaging assessments

• Recently, symptomatic skeletal events (SSEs) has been used as an
alternative study endpoint for skeletal complications3,4
– Pathological fractures only included if clinically apparent (symptomatic)

• Hypercalcaemia of malignancy is an additional potential complication of
bone metastases5
1. Saad F, et al. J Natl Cancer Inst 2004;96:879–82;
2.http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071590.pdf (Accessed August 2014);
3. Sartor O, et al. Lancet Oncol 2014;15:738−46; 4. Smith MR, et al. Ann Oncol 2015;26:368–74. 5. Coleman RE, et al. Clin Cancer Res 2006;12:6243s−9s.

Cumulative incidence of on-study SREs

SREs are a common complication in patients
with solid tumours and bone metastases
Cumulative incidence of on-study SREs
in patients with newly diagnosed bone metastases
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Patients with bone metastases and SREs have
a poor prognosis vs those without SREs1
Survival curves for breast cancer patients with
bone metastases (n = 2216) with and without SREs

Proportion surviving

1
0.9
0.8

Median
survival, months

Bone metastases without SRE
Bone metastases with SRE

0.7
0.6

16
7

0.5
0.4
0.3
0.2
0.1
0

0

1

4
5
7
3
2
6
8
Time after bone metastasis diagnosis (years)

1. Yong M, et al. Breast Cancer Res Treat 2011;129:495−503.

9

10

Data are from a population-based cohort study of 35,912 newly identified
breast cancer patients conducted in Denmark (1999−2007)

Normal bone remodelling is tightly regulated
RANK Ligand is an important mediator of bone resorption
RANK Ligand binds to
RANK on osteoclast
precursor cells, which
then develop into
osteoclasts and become
active

Osteoblasts release
RANK Ligand

RANK Ligand
Osteoblasts

The resultant bone lost needs to
be replaced – by osteoblasts
(formation)

Adapted from Boyle WJ et al. Nature 2003;423:337–42.

Osteoclast

Active osteoclasts
remove bone tissue
(resorption)

RANK, receptor activator of nuclear factor κ B

A vicious cycle of bone destruction may
develop in the presence of tumour cells
Osteoblasts and
other bone cells
increase expression
of RANK Ligand

Overexpression of RANK
Ligand drives increased
formation, function and
survival of osteoclasts,
leading to excessive
bone resorption

RANK Ligand
Osteoclast

Osteoblasts
Marrow

Tumour cells produce
factors that stimulate
osteoblasts to secrete
RANK Ligand

Bone resorption releases growth
factors from the bone matrix that
may perpetuate tumour activity

Tumour

Adapted from Roodman GD. N Engl J Med 2004;350:1655–64 and Mundy GR. Nat Rev Cancer 2002;2:58493.

Two classes of bisphosphonates
Non nitrogencontaining

Nitrogen-containing
More potent inhibitors of bone resorption
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Bisphosphonates (CALGB 70604 [Alliance])

1. Zoledronic acid iv q 3-4 weeks reduced pain and the
incidence of skeletal-related events, including clinical
fracture, spinal cord compression, radiation to bone,
and surgery to bone by 25% to 40%1-3

2. n = 1822, e = 795 open-label, non-inferiority clinical trial
of patients with metastatic breast (47%), prostate
cancers (38%), multiple myeloma (15%)
– Primary outcome was the proportion of patients having at least 1
skeletal-related event within 2 years after randomization.

1.Kohno J Clin Oncol. 2005
2. Saad JNCI. 2002
3. Pavlakis CochraneDatabase Syst Rev. 2005

Himelstein JAMA 2016

Primary Objective (CALGB 70604 [Alliance])

Better compliance

Himelstein JAMA 2016

Secondary End Points

Himelstein JAMA 2016

Denosumab inhibits RANK Ligand

• Denosumab is an IgG2 fully human mAb binds
h-RANK Ligand with high affinity & specificity1-3
• By binding to RANK Ligand, denosumab
prevents RANK Ligand from activating its
receptor, RANK, on the surface of
osteoclasts and their precursors,
independent of bone surface1,2
– Denosumab mimics the effects of OPG on
RANK Ligand2

• Safety: In the phase 3 clinical trials, no
neutralising antibodies were detected3-5

1. XGEVA® (denosumab) Approved Product Information, available at http://www.amgen.com.au/Xgeva.PI.
2. McClung MR, et al. N Engl J Med 2006;354:821–31.
3. Stopeck AT, et al. J Clin Oncol 2010;28:5132–9.
OPG = osteoprotegerin
4. Fizazi K, et al. Lancet 2011;377:813–22.
5. Henry DH, et al. J Clin Oncol 2011;29:1125–32.
RANK, receptor activator of nuclear factor kappa β

In metastatic bone disease, RANK-RANK
Ligand signalling mediates a ‘vicious cycle’
of interaction between tumour cells and bone
RANK
Ligand

• Denosumab inhibits the ‘vicious
Denosumab
Osteoblasts

Osteoclast

Growth factors
Growth factors
Ca2+

Tumour

cycle’ by binding
to RANK Ligand to block
osteoclast differentiation and
activation13

• Bisphosphonates inhibit

Bisphosphonate

the vicious cycle by embedding
in bone and inducing apoptosis
of activated osteoclasts4

Activated
osteoclast

Osteoblasts

Growth factors

Tumour

Growth factors
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1. Roodman GD. N Engl J Med 2004;350:1655–64; 2. Mundy GR. Nat Rev Cancer 2002;2:584–93;
3. McClung MR, et al. N Engl J Med 2006;354:821–31; 4. Green JR. Oncologist 2004;9(Suppl 4):3–13.
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Denosumab 120 mg SC Q4W
+
Placebo IV Q4W†
Supplemental calcium and vitamin D

Zoledronic acid 4 mg IV Q4W†
+
Placebo SC Q4W

Pre-planned integrated analysis4
(N = 5723)

Three pivotal Phase III trials of denosumab
vs zoledronic acid in patients with bone
metastases from advanced cancer

• Primary endpoint: time to first on-study SRE (non-inferiority)
• Secondary endpoints: time to first on-study SRE (superiority);
time to first and subsequent on-study SRE; safety and tolerability
1. Stopeck AT, et al. J Clin Oncol 2010;28:5132–9; 2. Fizazi K, et al. Lancet 2011;377:813–22;
3. Henry DH, et al. J Clin Oncol 2011;29:112532; 4. Lipton A, et al. Eur J Cancer 2012;48:3082–92.

*Excluding breast and prostate.

Denosumab was superior to zoledronic acid
for SRE prevention1
Time to first on-study SRE

Time to first and subsequent
on-study SRE

• Time to first on-study SRE reached almost 28 mo on denosumab
• Denosumab significantly reduced the total SREs vs. zoledronic acid
1. Lipton A, et al. Eur J Cancer 2012;48:308292.

Adverse events

Zoledronic acid
(n = 2836)

Denosumab
(n = 2841)

2745 (96.8)

2734 (96.2)

Nausea

895 (31.6)

876 (30.8)

Anaemia

859 (30.3)

771 (27.1)

Fatigue

766 (27.0)

769 (27.1)

Back pain

747 (26.3)

718 (25.3)

Decreased appetite

694 (24.5)

656 (23.1)

2009 (70.8)

2000 (70.4)

280 (9.9)

270 (9.5)

Patient incidence, n (%)
Adverse events (AEs), all grades

Most common AEs

CTCAE grade 3, 4 or 5
AEs leading to study discontinuation

1. Lipton A, et al. Eur J Cancer 2012;48:308292.

CTCAE, common terminology criteria for adverse events.

Safety results of interest

Patient incidence, n (%)
Infectious AEs

Infectious serious AEs
Acute phase reactions (first 3 days)

Zoledronic acid
(n = 2836)

Denosumab
(n = 2841)

1218 (42.9)

1233 (43.4)

572 (20.2)
309 (10.9)

37 (1.3)

246 (8.7)

329 (11.6)

52 (1.8)

572 (20.2)

246 (8.7)

141 (5.0)

273 (9.6)

Hypocalcaemia

141 (5.0)

273 (9.6)

New primary malignancy

18 (0.6)

28 (1.0)

AEs leading to study discontinuation

280 (9.9)

270 (9.5)

Osteonecrosis of the jaw

1. Lipton A, et al. Eur J Cancer 2012;48:308292.

37 (1.3)

52 (1.8)

Characteristics

Lipton A, EJC 2015

First SRE – Baseline characteristics
Breast Cancer

Lipton A, EJC 2015

Denosumab; q4 weeks vs. q 12 weeks

A study comparing denosumab administered every 4
weeks vs every 12 weeks in patients with metastatic
breast cancer and metastatic prostate cancer is currently
under way in Switzerland with an expected completion
date of 2022

https://clinicaltrials.gov/ct2/show/NCT02051218?term=denosumab+metastatic&rank=2

Bone metastases are the most common cause
of pain in advanced cancer patients

Chemical mediators
Increased pressure
within bone

Bone
metastases

Microfractures
Stretching of periosteum

Reactive muscle spasm
Nerve root infiltration
Nerve compression

1. Mercadante S. Pain 1997;69:1−18.

Bone
pain

Bone pain reduces patient functional
independence and quality of life
Bone pain

CHRONIC
Continuous, dull, aching
or throbbing pain
Severity increases with
disease progression

ACUTE
‘Breakthrough’ pain
or incident (SRE) pain
Occurs spontaneously or when
weight is put on an affected bone

Reduced functional independence and quality of life

1. Sabino MA and Mantyh PW. J Support Oncol 2005;3:15−24; 2. Lipton A. Support Cancer Ther 2007;4:92−100.

The majority of patients with bone metastases
report having pain
Characteristic1

Proportion of patients (%)†
(N = 5544)

Pain status
No pain

15.5

Mild pain

36.1

Moderate pain

21.9

Severe pain

26.5

Analgesic use
No analgesic use

47.8

Opioid-based analgesic use

35.0

Typically bone pain is not adequately managed2
†Data

1. von Moos R, et al. Support Care Cancer 2013;21:3497507;
2. Lipton A. Support Cancer Ther 2007;4:92−100.

are pooled baseline data for patients
in the three pivotal Phase III denosumab SRE prevention
studies. Analysis excludes patients with multiple myeloma.

Pain worsening in patients on denosumab
vs zoledronic acid by tumour type

Median time from no or mild pain to
moderate or severe pain (days)†

HR = 0.78
(95% CI, 0.670.92)
P = 0.0024

350

+ 119 days

295

300

Denosumab
Zoledronic acid
HR = 0.89
(95% CI, 0.771.04)
P = 0.14
+ 29 days

+ 40 days

250
200

HR = 0.81
(95% CI, 0.670.99)
P = 0.04

177
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143
103

100
50
0
Breast1

1. Cleeland CS, et al. Cancer 2013;119:8328;
2. Brown JE, et al. EAU 2011:abstract 1091 (and poster);
3. Vadhan-Raj S, et al. Ann Oncol 2012;23:304551.

Other solid tumours ‡3

Prostate 2
†Time

to worst pain score > 4 points among patients with
no or mild pain (0–4) at baseline. ‡Excluding breast and prostate.
Data converted from months based on 1 month = 30.4 days.

Median time to increased pain interference
was significantly longer with denosumab vs
zoledronic acid for all 3 interference measures1
Time to clinically meaningful increase (ie ≥ 2-point increase) in pain interference
among patients with no or mild pain at baseline

Patients without a ≥ 2-point increase
from baseline (%)

Activity score

Affect score

Median (months)

Median (months)

Median (months)

Denosumab
7.6
Zoledronic acid 6.0

100

Overall score

Denosumab
9.2
Zoledronic acid 7.4

Denosumab 10.3
Zoledronic acid 7.7

80
60
40
20
(n = 2524)

HR = 0.85 (95% CI, 0.77–0.94)
P = 0.002

(n = 2547)

HR = 0.86 (95% CI, 0.77–0.95)
P = 0.003

(n = 2613)

HR = 0.83 (95% CI, 0.75–0.92)
P < 0.001
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1. von Moos R, et al. Support Care Cancer 2013;21:3497507.
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• Activity + affect + sleep

BL, baseline; KM, Kaplan–Meier.

Fewer patients on denosumab progressed
from no or low analgesic use to strong opioid
use vs zoledronic acid1
Patients progressing from no or low analgesic use (AQA ≤ 2)
to strong opioid use (AQA ≥ 3)*†

14

Proportion of patients (%)

12
10

Denosumab (n = 2174)
Zoledronic acid (n = 2144)
Average relative difference, -13.4%
P = 0.041 overall‡
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1. von Moos R, et al. Support Care Cancer 2013;21:3497507.
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*Analysis excludes patients with multiple myeloma.
†OME ≥ 75 mg/day;
‡Denosumab vs zoledronic acid by Generalised Estimating Equation.

Fewer patients on denosumab experienced
worsening in HRQoL vs zoledronic acid
Proportion of at-risk patients with a ≥ 5-point reduction
from baseline in FACT-G total score*
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Average relative difference, -4.1%
P = 0.005 overall†
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*Analysis excludes patients with multiple myeloma
†Denosumab vs zoledronic acid by Generalised Estimating Equation

Safety
Higher risk hypocalcaemia with denosumab vs
zolendronic acid (12.4% vs. 5.3%)(Body EJC 1990)
– Not cumulative

Zolendronic acid dose reduction
– recommended in patients mild-to-moderate renal impairment.
– not recommended for the prevention of SREs in patients with
severe renal impairment
– cumulative dose of zoledronic acid an independent predictor of
renal impairment

Rare toxicities
– Encompass lots – so listen to patients

Osteonecrosis of Jaw
ONJ ~1-2%, median time to onset 2.2 yrs
– risk rises as treatment duration increases; avoid antiangiogenesis agents
– treatment delayed in unhealed, open, soft lesions in the mouth
– preventative dentistry, recommended before treatment initiation

Bone-targeted therapy ± radiotherapy is
recommended in addition to analgesics
in patients with bone pain1
2012 ESMO clinical practice guidelines on management of cancer pain
Radiotherapy and/or surgery
(when appropriate) +
denosumab, zoledronic acid
or pamidronate‡
ANALGESIC THERAPY

Denosumab, zoledronic
acid or pamidronate‡

YES

YES

YES

Bone
pain?

Complicated bone
metastases?†

NO

NO

NO

Same strategies as
uncomplicated bone
metastases ± bone pain

Denosumab, zoledronic
acid or pamidronate‡

Denosumab, zoledronic acid or
pamidronate‡ +
antalgic radiotherapy
ANALGESIC THERAPY

Uncomplicated
bone metastases

Denosumab, zoledronic acid
or pamidronate‡

Prior SRE: radiotherapy,
bone surgery

• Bone-targeted therapy is recommended, regardless of the presence
of pain or prior SRE
− These drugs delay both appearance and progression of pain, and both first and
subsequent SREs
†Spinal

Adapted from Ripamonti CI, et al. Ann Oncol 2012;23(Suppl 7):vii139–54.

cord compression or impending fracture;
only in breast cancer patients.

‡Pamidronate

Bone-targeted therapy is recommended in
patients with bone metastases whether they
are symptomatic or not1
2014 ESMO clinical practice guidelines on bone health in cancer

Guidance on bone-targeted treatment (denosumab or zoledronic acid)
Initiation

• Commence at diagnoses of metastatic bone disease
− In all patients with breast cancer or CRPC, whether they are
symptomatic or not
− In selected patients with advanced lung cancer, renal cancer
and other solid tumours if life expectancy > 3 months and
considered at high risk of SREs

Continuation

• Continue indefinitely throughout the course of the disease
− Ongoing treatment is recommended for patients with
progression of underlying bone metastases, a recent SRE
and/or elevated bone resorption markers†

†Results

1. Coleman R, et al. Ann Oncol. 2014;25(Suppl 3):iii124-iii137.

from clinical trials evaluating potential clinical applications of bone markers
(e.g. helping to identify patients at high risk for bone metastasis or bone lesion
progression) are awaited to identify the true value of bone markers in clinical practice.
CRPC, castration-resistant prostate cancer.

ABC3 Bone Metastases

ASCO/CCO Focused Guideline Update on
Role of Bone-Modifying Agents in
Metastatic Breast Cancer

Van Poznak
JCO 2017

Adjuvant Bisphosphonates in Early Breast
Cancer

Adjuvant Bisphosphonates; EBCTCG

All Recurrences

Distant Recurrences

Coleman Lancet 2015

Adjuvant Bisphosphonates; EBCTCG

Adjuvant Bisphosphonates; EBCTCG

Adjuvant Bisphosphonates; EBCTCG

AZURE; MAF a bone metastasis marker

Randomly assigned (1:1), n=865 had sufficient tissue
• Standard adjuvant systemic therapy alone (control group)
• or with zoledronic acid every 3–4 weeks for six doses,
then every 3–6 months until the end of5 years.

16q23 copy number gain
Encodes MAF transcription factor
MAF amplification FISH
two cores in a microarray

Mediates bone cancer metastases
through control of PTHrP

Coleman Lancet Oncol 2017

Adjuvant Guidelines
St Gallen International Expert Consensus Conference
2017, strongly recommended the use of
bisphosphonates for the adjuvant treatment of
postmenopausal women with breast cancer (Coates
Annals)
ESMO 2016 guidelines (Hadji ESMO 2016)
– Bisphosphonates; routine clinical practice for the prevention of
CTIBL all patients with a T-score < -2.0 or > fracture risk factors
– Adj bisphosphonates for the prevention in all women > 55 years
– For younger, adj bisphosphonates recommended if amennorheic
> 12 mo, and /or on OFS
• Duration of low-dose bisphosphonate treatment for premenopausal
women should not exceed that of ovarian suppression (3-5 years)
unless indicated in patients with low BMD

Neoadjuvant Therapy

Miura SABCS 2014

Neoadjuvant Therapy

Miura SABCS 2014

Bone Health

Bone mineral loss in breast cancer
The mean age at breast cancer diagnosis is 62 years
Perimenopausal or postmenopausal women,
– may already have experienced some osteopenic or osteoporotic
bone loss
– Onset of menopause, declining E2 levels lead to a gradual
decrease in bone mineral density (BMD) over time, with the
potential for the development of postmenopausal osteoporosis
– Significant & rapid decrease in BMD may be exacerbated by the
bone-destabilizing effects of aromatase inhibitors (twice normal
pop’n), and some chemotherapies (60% rendered menopausal).
• Cancer treatment-induced bone loss (CTIBL)
• ATAC anastrozole: median BMD loss from baseline of 6.1% at the
lumbar spine and 7.2% from the total hip after 5 years
Lüftner Breast 2018

Reductions in BMD increase the risk of pathologic
fracture; the 3-year risk of vertebral fracture is almost
fivefold greater in women with newly diagnosed breast
cancer than in women in the general population
Even in women with normal BMD, the risk of fracture in
patients with breast cancer is high.
Placebo arm of ABCSG-18 incidence of pathologic
fracture was 10% in individuals with normal BMD and
11% in those with low BMD.

Prophylactic Therapy
Denosumab 60 mg sc q 6 mo
– Ellis BCRT 2009
– ABCSG-18; relative increases in BMD at the lumbar spine, total
hip and femoral neck compared with placebo (p < 0.0001)

Zoledronic Acid 4 mg q 6mo
– Z-FAST total hip BMD (+8.9% with upfront treatment; +6.7% with
delayed treatment)
– NC03CC (Alliance); +0.58%

Individual Therapy
Patients should be assessed for baseline fracture risk,
and that BMD should be measured.
Lifestyle changes, such as
– increasing the amount of weight-bearing exercise
– Stopping smoking
– Dietary measures ensuring
• adequate calcium intake (1000 mg/day) and vitamin D
supplementation (total intake: 1000-2000 units/day)

Early breast cancer at risk CTIBL
– OFS; Aromatase Inhibition, chemotherapy
– Prophylactic bisphosphonate/denosumab therapy

Coleman ESMO 2014

Prophylaxis French Cohort
64,438 postmenopausal women participating in the
French E3N cohort;
2,407 first primary breast cancer cases were identified.
The HR of breast cancer associated with exposure to
BPs was 0.98 (95% CI, 0.85 to 1.12)

Fournier JCO 2017

