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ABSTRACT

Most women with advanced breast cancer will
develop bone metastases, which are associated
with the development of skeletal-related events
(srEs) such as pathologic fractures and spinal cord
compression. This article reviews the evolving
definition and incidence of srEs, the pathophysiol-
ogy of bone metastases, and the key evidence for
the safety and efficacy of the currently available
systemic treatment options for preventing and
delaying srEs in the setting of breast cancer with
bone metastases.

The bisphosphonates are structural analogues
of endogenous pyrophosphate; three of them (clo-
dronate, pamidronate, and zoledronate) are cur-
rently approved for use in Canada in the setting of
breast cancer with bone metastases. Denosumab
is a fully human immunoglobulin G2 monoclonal
antibody that binds to human RANKL (receptor
activator of nuclear factor kB ligand), thereby
preventing osteoclast formation, function, and
survival, and reducing cancer-induced destruction
of bone. Denosumab has recently been approved in
Canada for reducing the risk of srRes from the bone
metastases associated with a variety of malignan-
cies, including breast cancer. How to predict the
patients that will benefit most from prophylactic
treatment, the agents to select and the timing of
switches between agents, the dosing schedules
and durations of treatment to choose, the potential
utility of the agents in the adjuvant setting, and
the utility of additional endpoints such as mark-
ers of bone resorption are among the outstanding
questions with respect to the optimal use of anti-
resorptive agents for patients with breast cancer
and bone metastases.
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1. INTRODUCTION

Bone (including bone marrow) is the most common
site of metastasis in advanced breast cancer (all sub-
types except basal-like cancers)'. Up to three quarters
of women with advanced breast cancer will develop
bone metastases during their disease?, and because
bone metastases are associated with the development
of skeletal complications, it is relevant to understand
the pathophysiology of skeletal-related events (SREs)
and the therapies available to reduce their incidence.
The present article focuses on SrREs in patients with
advanced breast cancer and metastases to bone, and
on the bone-targeted agents that are approved for
prevention and delay of SREs.

2. SREs: DEFINITIONS, BURDEN OF DISEASE,
INCIDENCE, AND PREDICTORS

One of the earliest studies to examine a range of SRES
and to use a composite of SREs as an endpoint was a
prospective study in women with breast cancer and
osteolytic bone metastases*. It found that oral ami-
nohydroxy propylidene bisphosphonate significantly
reduced the incidence of srEs, defined as a composite
of pathologic fractures, bone pain, hypercalcemia, and
palliative radiotherapy to bone. The definition of SREs
has since evolved such that most subsequent trials have
assessed skeletal complications using composite SRE
endpoints that omit bone pain (and sometimes hyper-
calcemia), but that add spinal cord compression and
the need for orthopedic surgery to bone.

The skeletal complications of bone metastases
are responsible for a range of complications and
costs and decreased quality of life. Intractable bone
pain, fractures, bladder and bowel disturbances, and
impairment of mobility lead to declines in functional
independence, increased anxiety, and depression’~".

Much of the data on the incidence of SrREs in
advanced breast cancer comes from retrospective
cohort studies and randomized trials. One retrospec-
tive study of 1049 women who died between 1975 and
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1984 (before bisphosphonates came into use) found
that 69% had radiologic evidence of bone metastases,
and 10% had developed hypercalcemia. Of the 47% of
women whose first distant relapse was to bone, 29%
developed a skeletal-related complication?. Recently,
a Danish population-based estimate of bone metasta-
ses and srREs in women with newly diagnosed breast
cancer from 1999 to 20078 found that 46.4% of those
who developed bone metastases developed a sRE over
a median follow-up of 0.7 years after the bone lesion
was diagnosed. The incidence of srREs was highest in
the first year after diagnosis—not surprising given
that metastatic breast cancer often first presents as a
SRE. The cumulative incidence of srRes was 38.5% at
1 year and 51.7% at 5 years (Figure 1).

In a meta-analysis of two randomized controlled
trials comparing pamidronate with placebo in patients
receiving either endocrine therapy or chemotherapy
(n = 754), the median time from randomization to
the first skeletal complication was 7.0 months [95%
confidence interval (c1): 6.2 to 8.5 months] in the
placebo group and 12.7 months (95% c1: 9.6 to 17.2
months) in the pamidronate group (p = 0.001 by the
log-rank test)’. In follow-up data over 24 months, the
incidence of any skeletal complication in the placebo
group was 68%:; of any skeletal complication exclud-
ing hypercalcemia of malignancy, 64%; of radiation
to bone, 43%; of pathologic fracture, 52%; of surgery
to bone, 11%; of spinal cord compression, 3%; and
of hypercalcemia, 13%.

Because the risk of an srRE varies widely, strate-
gies to calculate individual risk would be useful.
However, no validated algorithm to predict srE risk
in a patient with bone metastases is available'’. Some
studies have shed light on potential predictive factors
for srEs. In a non-trial cohort of 87 patients from
two centres who had been treated with pamidronate
between 1999 and 2005, a history of osteoporosis and
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FIGURE 1  Cumulative incidence of skeletal-related events (SREs)
among breast cancer patients with bone metastases®. c1 = confidence
interval.

the presence of bone-only metastases increased the
risk of developing an sRE by a factor of approximately
3!, Multivariate analyses'? of data from a phase 1
randomized study of zoledronate in breast cancer
patients with bone metastases identified an age of
60 years and older, a pain score greater than 3 on the
Brief Pain Inventory, a history of a srRE before study
entry, and predominantly osteolytic lesions as base-
line predictors of a first sRe. Finally, N-telopeptides
(~nTx) and C-telopeptides, both degradation products
of the collagen matrix of bone, are frequently moni-
tored in clinical trials as markers of bone resorption!3.
In a retrospective analysis of three phase i1 trials,
including a large trial comparing zoledronate with
pamidronate'4, normalized nTx levels after 3 months
of treatment were associated with decreased risks of
sres and improved overall survival'®.

3. THEVICIOUS CYCLE: PATHOPHYSIOLOGY
OF BONE METASTASES

The development of bone metastases depends on the
interaction between tumour cells and the microen-
vironment of the metastatic site. One model of that
interaction proposes that a “vicious cycle” develops
whereby tumour cells in bone and osteoclasts each
release multiple cytokines and growth factors that
mutually stimulate growth. Thus, a symbiotic in-
terplay is established between tumour growth and
destruction of bone!®!”. Figure 2 illustrates in more
detail this hypothetical vicious cycle.

4. CURRENT SYSTEMIC TREATMENT
OPTIONS FOR PREVENTING AND
DELAYING SREs

4.1 Bisphosphonates

Bisphosphonates are structural analogues of endog-
enous pyrophosphate that bind to the hydroxyapatite
mineral matrix of bone and inhibit the action of
osteoclasts through a variety of mechanisms!®1°,
Bisphosphonates are effective in decreasing the risk
of a variety of SREs in metastatic breast cancer; Table 1
summarizes the results of key trials. Three bisphos-
phonates are currently approved for use in Canada
in the setting of breast cancer with bone metastases:
clodronate [available in oral and intravenous (IV)
forms], IV pamidronate, and IV zoledronate.

4.2 Clodronate

The first large double-blind trial of an oral bisphos-
phonate for skeletal morbidity compared clodronate
1600 mg daily with placebo in 173 patients with
metastatic breast cancer?’. In that study (Table 1),
the clodronate significantly reduced the incidence
of hypercalcemia, terminal hypercalcemia, verte-
bral fractures, vertebral deformity, and all morbid
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FIGURE 2 The vicious cycle in osteolytic bone metastases. A vicious cycle develops when tumour cells in bone secrete parathyroid hormone—
related protein (prHre) and multiple other cytokines and growth factors that stimulate osteoblasts to produce RANKL (receptor activator
of nuclear factor B ligand). In turn, RANKL binds to RANK on the surfaces of osteoclast precursors, stimulating their differentiation and
activation. The osteoclasts resorb bone, which releases a variety of cytokines and growth factors that complete the cycle by stimulating
tumour cells to secrete additional prarp and other factors. Adapted from Roodman 2004". orG = osteoprotegerin; sMp = bone morphogenic
proteins, TGF-B = transforming growth factor B; iGr = insulin-like growth factor; rGr = fibroblast growth factor,; veGr = vascular endothelial
growth factor; ETl = endothelin 1; PpGF = platelet-derived growth factor.

skeletal events (218.6 events vs. 304.8 events per 100
patient—years, p < 0.001). There were also trends in
favour of clodronate for nonvertebral fracture rates
and the need for palliative radiotherapy to control
bone pain. The side-effect profile and overall survival
were similar in the two groups. A later randomized
trial involving 144 patients with breast cancer and
osteolytic bone metastases receiving either oral
clodronate or placebo for up to 12 months showed
similar results?!.

4.3 Pamidronate

Several studies have examined the effect of pamidro-
nate in breast cancer patients with osteolytic bone
metastases, including two prospective multicentre
double-blind randomized trials, one in women receiv-
ing cytotoxic chemotherapy?? and the other in those
receiving hormonal therapy?? (Table 1). A combined

analysis and 24-month extension of those trials
(n = 754)° found that, compared with placebo, pami-
dronate 90 mg every 3—4 weeks significantly reduced
the overall skeletal morbidity rate by 35% (2.4 events
vs. 3.7 events per year, p < 0.001) and skeletal com-
plications by 20% (51% vs. 64%, p < 0.001); it also
prolonged the time to first skeletal complication
(12.7 months vs. 7.0 months, p < 0.001). In addition,
pamidronate significantly increased the time to a new
pathologic fracture and decreased the proportion of
patients whose pain scores increased from baseline.
Eastern Cooperative Oncology Group performance
status and quality of life scores both worsened in the
treatment groups, but less so in the patients taking
pamidronate. The bisphosphonate was well tolerated,
with similar rates of discontinuation because of ad-
verse events in both treatment arms. Fever related to
the study drug was reported more often in the pami-
dronate group (14% vs. 5%).
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TABLE1  Summary of bisphosphonate trials in breast cancer: agents approved in Canada
Trial Patients Primary endpoints Results p
(n) Value

Clodronate versus placebo
Paterson et al., 199320 173

Hypercalcemia, vertebral and non-vertebral
fractures, requirement for radiotherapy

218.6 vs. 304.8 events per  <0.001

100 patient—years

for bone pain

Tubiana—Hulin ef al., 20012! 144

New bone events (hypercalcemia > 3 mmol/L),
new or increased bone pain, radiotherapy for

Prolonged time to new bone  0.05
events: 244 days vs. 180 days

control of bone pain, pathologic fractures
(including spinal cord compression), or death
because of bone metastases

Pamidronate versus placebo

Hortobagyi et al., 199822 382 Skeletal complications (pathologic fractures, Prolonged median time to ~ <0.001

spinal cord compression with vertebral first skeletal complication:

compression fracture, need for surgery for 13.9 months vs. 7.0 months

pathologic fractures or spinal cord compression,
need for radiation to bone)
Theriault ef al., 19997 372 Skeletal morbidity rate, survival rate Decreased skeletal morbidity  0.028
rate at cycles 12, 18, and 24 0.023
0.008
Lipton et al., 2000° 754 Overall skeletal morbidity rate 4 35% (2.4 events vs. <0.001
(combined analysis and 3.7 events per year)

24-month extension of two trials) Skeletal complications 1 20% (51% vs. 64%) <0.001

Time to first skeletal complication

Zoledronate versus pamidronate

Rosen et al., 20014 11302

Rosen et al., 2003%* 412b
(long-term efficacy and safety)

Proportion of patients with 1 or more on-study
skeletal-related events after 13 months

Proportion of patients with 1 or more on-study
skeletal-related events

12.7 months vs. 7.0 months  <0.001

No significant difference NS
in breast cancer patients
receiving chemotherapy or
hormonal therapy

No significant difference NS

a

b
NS = nonsignificant.

4.4 Zoledronate Versus Pamidronate

A large trial compared the effects of zoledronate and
pamidronate in 1130 patients with advanced breast
cancer and at least 1 metastatic bone lesion (and also
in 518 patients with multiple myeloma, whose results
are not discussed here)!4. Patients were originally
randomized to receive either pamidronate 90 mg IV
over 2 hours or zoledronate 4 mg or 8 mg IV over 5
minutes every 3—4 weeks. Primarily because of in-
creased creatinine levels with 8 mg zoledronate, the
study protocol was amended twice, reducing the dose
to 4 mg and increasing the infusion time to 15 minutes;
only the original 4-mg arm was used in the analysis
of results. For the primary endpoint (the proportion of

Patients with multiple myeloma (n = 158) also entered this trial.
Patients with multiple myeloma (n = 194) also entered this extension phase.

patients with at least 1 on-study srE after 13 months),
no statistical difference was observed between the
agents in patients with breast cancer receiving either
chemotherapy or hormonal therapy. An extension of
that trial to 25 months of follow-up?* included 412
patients with breast cancer. Although the proportion
of patients with at least 1 sRE was similar in the two
treatment groups, multiple-event analysis showed
that zoledronate reduced srE risk by 20% over pami-
dronate [relative risk (RR): 0.799; 95% c1: 0.657 to
0.972; p = 0.025] and also numerically reduced the
incidence of individual srEes. For time to first SrRE, skel-
etal morbidity rate, and risk of skeletal complications,
zoledronate was superior to pamidronate in patients
receiving hormonal therapy but not chemotherapy?>.
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4.5 Ibandronate

Ibandronate, a potent third-generation aminobisphos-
phonate, is not approved for use in Canada. How-
ever, phase 111 trials have demonstrated its efficacy
in both IV and oral formulations. A 24-month trial
in 150 patients with bone metastases showed that
compared with placebo, IV ibandronate signifi-
cantly reduced the proportion of patients developing
a SRE (36% vs. 48%, p = 0.027) and the risk of devel-
oping an sRE [hazard ratio (HR): 0.69; 95% cr1: 0.42 to
0.79; p = 0.003]. It also delayed the median time to a
first SR (457 days vs. 304 days, p = 0.007); 64% of
ibandronate-treated patients did not experience a new
srRE during the study?°. A pooled analysis of two 96-
week studies in a total of 564 patients with breast
cancer and bone metastases found that compared
with placebo, oral ibandronate reduced the mean
number of 12-week periods with new skeletal com-
plications from 1.18 to 0.95 (p = 0.004) and the mean
number of events requiring radiotherapy (0.73 vs.
0.98, p <0.001) or surgery (0.47 vs. 0.53, p = 0.037)%".

5. BISPHOSPHONATES AND SREs: A META-
ANALYSIS

A meta-analysis of 21 randomized studies assessed
the effects of bisphosphonates on skeletal events,
bone pain, quality of life, and survival in women with
early and advanced breast cancer. In the nine studies
enrolling women with advanced breast cancer and
existing bone metastases (7 = 2189), bisphosphonates
significantly reduced the risk of srREs by 17% (Rr: 0.83;
95% c1: 0.78 to 0.89; p < 0.00001; Figure 3). Substan-
tial effects were seen with pamidronate, zoledronate,
and oral clodronate. Bisphosphonates did not appear
to reduce the incidence of sres in women without
bone metastases, nor to improve disease-free survival
or overall survival?®.

With respect to bone pain, eleven studies tested
the effects of bisphosphonates using a referenced
pain scale. Significant reductions in pain were seen
in two studies of IV pamidronate (p < 0.001), one
study of IV ibandronate (p = 0.0006), one study of
oral clodronate (p = 0.01), one study of oral pami-
dronate (p = 0.007), and pooled studies of oral iban-
dronate (p =0.001). Among the studies that examined
patient-rated quality of life, only the studies with
IV ibandronate (p = 0.004) and oral ibandronate
(p = 0.032) showed a significant improvement in
global quality of life?°.

5.1 Safety and Tolerability of Bisphosphonates

The safety and tolerability issues of greatest concern
with IV aminobisphosphonates are nephrotoxicity,
acute-phase reactions, and osteonecrosis of the jaw
(ony). Oral agents may cause gastrointestinal toxic-
ity. All these adverse events, which differ between

the various bisphosphonates, are summarized in
Table 1.

The 2011 American Society of Clinical Oncol-
ogy clinical practice guidelines on bone-modifying
agents in metastatic breast cancer note that both
pamidronate and zoledronate are associated with
renal deterioration, especially with prolonged
exposure and in patients with pre-existing renal
impairment. The guidelines recommend that, if
renal function should deteriorate, pamidronate
and zoledronate should be withheld until serum
creatinine returns to within 10% of baseline®?. The
product monographs for all three of the commonly
used bisphosphonates recommend slow infusion
rates, close monitoring of renal status, dose ad-
justments for those with lesser degrees of renal
impairment, and discontinuation if renal function
deteriorates3373. Intravenous pamidronate and
zoledronate are not recommended in patients with
a creatinine clearance less than 30 mL/min33:34,

First infusions of I'V bisphosphonates have been
associated with acute-phase reactions in which a non-
specific immune-driven release of proinflammatory
cytokines is accompanied by flu-like symptoms such
as fatigue, nausea, and myalgia, typically subsiding
within 72 hours3®.

Bisphosphonate-related ony is defined by the
American Association of Oral and Maxillofacial
Surgeons as exposed bone in the maxillofacial region
that has persisted for more than 8 weeks, together
with current or previous treatment with a bisphos-
phonate, without a history of radiation therapy to the
jaw3’7. Key risk factors for the development of ons
include the use of high-potency IV aminobisphos-
phonates, a high cumulative dose of such drugs,
concomitant chemotherapeutic agents, and a history
of dental disease and invasive dental procedures38-3°.
In patients with multiple risk factors, the incidence
of ony may be as high as 10%3°. A preventive dental
program has been shown to lower the incidence of oNg
in patients with solid tumours and bone metastases
who have received bisphosphonates*?.

5.2 Monoclonal Antibodies (Denosumab)

Denosumab is a fully human immunoglobulin G2
monoclonal antibody with high affinity and
specificity for human RANKL (receptor activator of
nuclear factor kB ligand). By binding to RANKL,
denosumab inhibits RANKL from activating its
only receptor, RANK, on the surface of osteoclasts
and their precursors. Prevention of RANKL—RANK
interaction inhibits osteoclast formation, function,
and survival, thereby decreasing bone resorption
and interrupting cancer-induced bone destruction.
The pharmacokinetics of denosumab do not appear
to be affected by sex, age, race, body weight, or
disease state. Renal impairment has no effect on
the pharmacokinetics and pharmacodynamics of
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Review: Bisphosphonates for breast cancer
Comparison:  Any bisphosphonate vs control
Qutcome: Overall risk of skeletal events (incl. hypercalcemia) in advanced breast cancer

Study or subgroup Bisphosphonate Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Aredia 2000 194/367 263/384 - 34.4% 0.77 (0.69, 0.87)
Hultborn 1999 166/201 163/203 -1 21.7% 0.97 (0.87,1.07)
Conte 1996 721116 69/108 /T 9.6% 0.97(0.79, 1.19)
Kristensen 1999 14/49 21151 — 2.8% 0.69 (0.40, 1.20)
Paterson 1993 55/90 70/95 | 9.1% 0.83(0.68, 1.02)
Tubiana-Hulin 2001 42169 45168 — T 6.1% 0.92(0.71,1.19)
van Holten 1987 52181 63/80 — 8.5% 0.82(0.67, 0.99)
Kohno 2005 35/114 59/113 — 7.9% 0.59(0.42,0.82)
Total (95% Cl) 1,087 1,102 > 100.0% 0.83(0.78, 0.89)
Total events: 620 (bisphosphonate), 753 (control)
Heterogeneity: Chi? = 17.50, df = 7 (p = 0.01); I* = 60%
Test for overall effect: Z=5.57 (p < 0.00001)
M-H = Mantel-Haenszel

0.5

Favours treatment

1.5 2

Favours control

FIGURE 3 Cochrane meta-analysis of bisphosphonates®. c1 = confidence interval.

denosumab and therefore dose adjustment for renal
impairment is not required. This agent has recently
been approved in Canada for reducing the risk of
SRES in patients with bone metastases from breast
cancer, prostate cancer, non-small-cell lung cancer,
and other solid tumours®*!.

A phase 11 study*? compared the effects of de-
nosumab with those of zoledronate on sres in 2046
women with breast cancer and evidence of at least
1 metastatic bone lesion (Table 11). Patients were
randomized to receive either denosumab 120 mg
subcutaneously (SC) with IV placebo or zoledronate
4 mg IV (adjusted for renal function) with SC placebo
every 4 weeks. The key efficacy endpoints were time
to first on-study srE (tested for non-inferiority and su-
periority) and time to first and subsequent srREs (tested
for superiority). The definition of SRE was pathologic
fracture (excluding major trauma), radiation therapy
to bone, surgery to bone, or spinal cord compression.
Compared with zoledronate, denosumab significantly
delayed time to first on-study sre by 18% (Hr: 0.82;
95% cr: 0.71 to 0.95; p < 0.001 by non-inferiority
test and p = 0.01 by superiority test). Median time to
first on-study srRE was 26.4 months for zoledronate;
denosumab had not yet reached that endpoint upon
publication of the trial results. Further, denosumab

was superior with respect to time to first and sub-
sequent on-study srEs (rate ratio: 0.77; 95% cr1: 0.66
to 0.89; p = 0.001). Denosumab was also superior to
zoledronate in the reduction of markers of bone re-
sorption from baseline to the 13-week point. Overall
survival and disease progression (exploratory study
endpoints) were similar in both groups.

The aforementioned phase 111 study also assessed
the effects of denosumab and zoledronate on pain
and quality of life. Among patients with scores of
no or mild pain at baseline (n = 1042), a prolonged
median time to the development of moderate or se-
vere pain was experienced by those on denosumab
compared with those on zoledronate (295 days vs.
176 days; HR: 0.78; 95% c1: 0.67 to 0.92; p = 0.0024)*3,
Over the 18-month study period, an average of 3.2%
more denosumab-treated patients than patients on
zoledronate (range: 1%—7%:; p < 0.05) experienced a
clinically meaningful improvement in health-related
quality of life*4.

Adverse events were analyzed to identify those
with a nominal p < 0.05. Despite dose adjustments,
patients in the zoledronate arm had more adverse
events potentially related to renal toxicities than
did patients in the denosumab arm (8.5% vs. 4.9%).
Symptoms related to acute-phase reactions were 2.7
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TABLE I Adverse events of bisphosphonates

Event Route of
administration

Potential
mechanisms

Patients

affected (%) 29

Acute-phase reactions: fever and myalgia Intravenous
Gastrointestinal symptoms Oral
Nephrotoxicity Intravenous
Osteonecrosis of the jaw Intravenous
(primarily)
Hypocalcemia Intravenous

15%-30%%°

Dose dependent?

Systemic cytokine flare
Local toxicity

Creatinine elevations:
2%—8%30

High drug concentrations
in kidneys?!

Intravenous:
1.2%—2.4%3!

Multiple risk factors

4.7%3! Decreases in serum calcium

and urinary calcium excretion

TABLE I Denosumab versus zoledronate in patients with breast cancer and evidence of 1 or more metastatic bone lesions

Reference Patients Endpoints Results p
(n) (95% c1) Value
Stopeck et al., 2010* 2046 Time (months) to first on-study SRE? HR: 0.82 <0.001°
(0.71 to 0.95) 0.01°
Time to first and subsequent on-study SRE RR: 0.77 0.001
(0.66 to 0.89)

a
By non-inferiority test.
By superiority test.

o o

Defined as pathologic fracture (excluding major trauma), radiation therapy to bone, surgery to bone, or spinal cord compression.

c1 = confidence interval; srRE = skeletal-related event; HR = hazard ratio; RR = relative risk.

times more frequent with zoledronate (27.3% vs.
10.4%), and denosumab was associated with higher
rates of hypocalcemia, usually mild and transient
(5.5% vs. 3.4%). The rate of grade 3 or 4 hypocal-
cemia was similar in the two groups. Finally, the
incidence of ony was 2.0% in the denosumab group
and 1.4% in the zoledronate group (p = 0.39). Of
patients in the denosumab and zoledronate groups
respectively, 90% and 71% of those with ony had
known risk factors for the condition.

6. DISCUSSION

Key trials of the bisphosphonates clodronate,
pamidronate, zoledronate, and ibandronate have
all demonstrated efficacy in reducing the risks of a
range of SREs in metastatic breast cancer. The safety
and tolerability issues with these agents include
nephrotoxicity, acute-phase reactions, and ons for
the IV agents and gastrointestinal side effects for
the oral formulations.

The monoclonal anti-RaNKL antibody denosumab
has recently been approved in Canada for reducing
the risk of srREs in patients with bone metastases
from breast cancer, prostate cancer, non-small-cell
lung cancer, and other solid tumours. The results of a

recent phase 111 trial discussed earlier were consistent
with those obtained in a trial comparing denosumab
with zoledronate for srEs in the setting of metastatic
prostate cancer®. The subcutaneous administra-
tion of denosumab provides an alternative route of
administration and eliminates the need for routine
testing of renal function before drug administration.

Important questions regarding the optimal use
of antiresorptive therapies in the setting of breast
cancer with bone metastases remain outstanding.
For example, although numerous risk factors for sRes
have been elucidated, other questions remain entirely
unanswered: Precisely how are the patients that are
most likely to benefit from prophylactic treatment to
be identified? Which agents should be used in spe-
cific clinical settings? What are the optimal dosing
schedules for each agent? When it is appropriate to
discontinue antiresorptive therapy as the patient’s
health status declines?

All of the foregoing questions affect potential ben-
efits, health care expenditures, inconvenience, and risk
of adverse events. In a survey of 100 medical oncolo-
gists across Canada about their use of bisphosphonates
for breast cancer patients*® conducted in 2004, very
few respondents would stop bisphosphonate treatment
because of a SrRE or disease progression; instead, they
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would generally either continue the same or switch to
an alternative bisphosphonate agent. The agents most
frequently used as initial therapy were oral clodronate
and IV pamidronate. Availability and funding of
agents in specific provinces appear to influence cur-
rent Canadian practice. Although some trials suggest
differences in the delay of srREs provided by the various
agents, none of the comparative trials have shown a
survival benefit, and many Canadian oncologists and
funders therefore do not see compelling arguments to
abandon funded oral or older agents.

Because patients with bone-only metastatic dis-
ease may survive several years, and the risk of adverse
events from bisphosphonates increases with cumula-
tive exposure, several ongoing trials are exploring the
possibility that more infrequent bisphosphonate doses
may be as effective as standard doses*”-#%. In addition,
small phase 11 trials have explored the strategy of
switching to novel or more potent agents for patients
at high risk of further srEs on a bisphosphonate*%9.
In one of those trials*, 31 patients who experienced
either a sRE or progressive bone metastases while
receiving clodronate or pamidronate were switched
to zoledronate, a more potent bisphosphonate; after 8
weeks, pain control had improved significantly. The
other trial®® enrolled 111 patients with bone metastases
from solid tumours (41% being breast cancers) who
were at high risk of a srRE by virtue of elevated urinary
NTX levels after at least 8 weeks of treatment with an [V
bisphosphonate. Compared with patients who contin-
ued on bisphosphonates (86% of whom continued on
zoledronate), the patients who switched to denosumab
experienced significantly improved rates of decreased
NTX levels (the primary endpoint) after 12 weeks and
also a decreased incidence of SREs at 25 weeks (8% vs.
17%; odds ratio: 0.31; 95% c1: 0.08 to 1.18).

Optimal use of bone resorption markers repre-
sents an area of interest in clinical practice. Retro-
spective subset analyses of bisphosphonate trials have
investigated the impact of early normalization (at 3
months) of urinary NTx levels in patients receiving
bisphosphonates!'>>!. Compared with persistent ele-
vation of urinary NTX, early normalization of elevated
baseline levels was associated with a significantly
reduced risk of a first srE, first fracture, surgery to
bone, or death. Compared with zoledronic acid, de-
nosumab treatment resulted in greater suppression
of bone turnover markers at week 13, resulting in a
significantly reduced risk of first and subsequent SREs.
No differences in progression-free or overall survival
were observed between the agents?!.

Another novel molecular target of interest is
Src, a nonreceptor tyrosine kinase with a key role
in osteoclast-mediated bone resorption as well as tu-
mour growth and metastasis. The Src tyrosine kinase
inhibitor dasatinib has shown promising prelimi-
nary results with respect to tumour response when
combined with docetaxel or aromatase inhibitors;
ongoing clinical trials are exploring those options>2.

Additional future directions that hold promise
include explorations of the potential utility of an-
tiresorptive agents in the adjuvant setting, and a
greater emphasis on standardizing, measuring, and
improving key endpoints besides sRes—for example,
bone pain, mobility, and other measures with direct
impact on quality of life.
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