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Effect of bisphosphonates on pain and quality
of life in patients with bone metastases

Luis Costa* and Pierre P Major

SUMMARY

Bone is the most common organ for tumor metastasis, especially in patients
with cancers of the breast or prostate. Bone metastases disrupt skeletal
metabolism and result in considerable skeletal morbidity, including
intractable, chronic bone pain, hypercalcemia of malignancy, pathologic
fracture and spinal-cord compression. In addition to the chronic pain
caused by bone metastases, skeletal-related events (SREs) such as pathologic
fractures and spinal-cord compression can result in acute increases in

pain. These effects can severely impair mobility and contribute to a general
decrease in quality of life. Palliative options to treat bone metastases
include radiotherapy, analgesics, surgery and bisphosphonates. These
drugs bind to the surface of the bone and impair osteoclast-mediated bone
resorption, and reduce the tumor-associated osteolysis that is initiated by
the development of skeletal metastases. In addition to preventing SREs,
bisphosphonates can palliate bone pain caused by a variety of solid tumors.
This Review summarizes the clinical trial data of bisphosphonates for the
prevention of SREs and the palliation of bone pain. Among these agents,
nitrogen-containing bisphosphonates are recognized as the most effective,
and zoledronic acid has demonstrated the broadest clinical utility.

KEYWORDS bisphosphonates, bone metastases, bone pain, quality of life,
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REVIEW CRITERIA

The PubMed and MEDLINE databases were searched for articles published until
31 December 2007. The search terms included “bone metastases” in association
with other search terms: “bone pain,” “breast cancer,” “prostate cancer,” “lung
cancer,” “multiple myeloma,” “bisphosphonate,” “skeletal-related events,” and
“quality of life” When possible, primary sources have been quoted. Full articles
were obtained in most cases and references were checked for additional material
when appropriate. References were chosen on the basis of the best clinical or

laboratory evidence.
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INTRODUCTION

Therapeutic advances in the field of oncology
have greatly extended the survival of patients
with a variety of malignancies. An emerging chal-
lenge in oncology is, therefore, the preservation
of quality of life (QOL) and functional indepen-
dence throughout a patient’s lifetime. Bone is the
most common site for tumor metastasis, and bone
metastases are especially common in patients
with breast or prostate cancer. Tumor cells that
infiltrate the bone can disrupt bone metabo-
lism, and typically lead to osteoclast stimulation.
Increased levels of osteoclast-mediated osteolysis
can severely weaken the structural integrity of
bone and result in painful and potentially debili-
tating skeletal-related events (SREs). These events
include bone pain that requires palliative radio-
therapy, hypercalcemia of malignancy, pathologic
fracture, the requirement for orthopedic surgery,
and spinal-cord compression.!> SREs occur in
approximately 50% of patients with bone meta-
stases;” they can be life-limiting (i.e. impair QOL
and shorten survival time) and might result in
significant loss of physical function. For example,
the majority of pathologic fractures will not heal
without surgical intervention, radiotherapy, or
both these treatments.*

Bone metastases can have chronic effects on
patients, and can reduce their functional capacity
and undermine their QOL. For example, pain
may result when the tumor disrupts tissue
during invasion or when it causes pressure on
nerve endings.5 Bone metastases can activate
pain receptors in affected bone and are the most
common source of cancer-associated pain.®-8
Although bisphosphonates offer many benefits
to patients with bone lesions, QOL changes
are difficult to assess with currently available
tools. Evidence exists that various bisphospho-
nates can prevent skeletal morbidity and these
agents are used for the treatment of bone pain in
patients with advanced malignancies. We discuss
the great promise that many of these agents, in
particular nitrogen-containing bisphosphonates,
have demonstrated in this setting.
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Figure 1 Skeletal complications reduce quality of life in patients with bone
metastases from prostate cancer. Change in FACT-G scores for patients with an
SRE compared to patients without an SRE. Reprinted with permission from Elsevier
© Weinfurt K et al. (2005) Ann Oncol 16: 579-584;10 reprinted from Kinnane N
(2007) Eur J Oncol Nurs 11 (Suppl 2): S28-S31.11 Abbreviations: FACT-G,
Functional Assessment of Cancer Therapy—-General; SRE, skeletal-related event.

QUALITY OF LIFE ASSESSMENT
Bone pain and SREs can undermine QOL and
compromise patients’ functional independence.’
Each type of SRE has been associated with
decreases in multiple aspects of patients’ QOL
(Figure 1).1%11 Furthermore, loss of the ability
to participate in daily activities, and hindrance of
an individual’s ability to take care of his or her
personal hygiene can lead to anxiety and depres-
sion.12 Clinical trial assessments, however, have
focused primarily on frequency of SREs instead
of less-quantitative measures such as pain, loss of
functional independence, and QOL. Bone painisa
frequent symptom of bone metastases in patients
with advanced cancer, and bone pain has been
an end point studied in many clinical trials that
have investigated the use of bisphosphonates. The
correlation between pain and decreased QOL
suggests that bone pain measurements might
be used as a surrogate for health-related QOL in
patients with malignant bone disease.!?
Currently, the most common tools used to
assess functional status include the Brief Pain
Inventory,'# which is a general pain instrument
with a scale of 1-10 that includes assessments for
the ability to walk and to perform work, and the
visual analog scale, which measures pain across a
continuum. In addition, FACT-G!> (Functional
Assessment of Cancer Therapy—General; a
QOL scale) assessments include measurements

of physical well-being and the ability to perform
everyday tasks. Many of the tools used to assess
health-related QOL in patients with cancer do
not specifically address the multidimensional
consequences of SREs on QOL in patients with
metastatic bone disease, and limited data are
available in this setting. Examples of such health-
related QOL assessment tools include Spitzer
QL-index, ¢ European Organisation for Research
and Treatment of Cancer Quality of Life Core
Questionnaire 30 (EORTC QLQ-C30),!7 and
EQ-5D (EuroQoL 5 Dimensions).!8

The Bone Metastases Quality-of-Life question-
naire (BOMET-QoL) and the BM-22 module of
the EORTC QLQ-C30 have been designed to
assess the skeletal complications and bone pain
that affect the QOL of patients with metastatic
bone disease.!*2! Similar to other tools that
use patient-reported outcomes to assess QOL,
the BOMET-QoL is a simple, self-administered
questionnaire composed of 10 questions that
can be used to monitor patients’ QOL status,
including their mobility and functional impair-
ment. Questions are designed to assess common
dimensions of QOL for patients with bone meta-
stases, as well as to determine whether patients
experience pain that is typical of the disease (e.g.
intense, constant) and whether pain is local-
ized to common sites of metastases (e.g. spine,
pelvic bone, proximal femur). The EORTC QLQ-
BM22, a bone-metastasis-specific tool, is being
developed for use in the clinical trial setting to
address QOL dimensions that are relevant across
multiple cancer types and treatment modalities
for the management of malignant bone disease.?
This system uses a 4-point scale to assess loss of
mobility, adverse effects, complications of treat-
ment, and patients’ concerns about dependency.
Data that emerge from the use of these tools
in the clinical trial setting will increase insight into
the direct effects of SREs on the health-related
QOL of patients with metastatic bone disease,
and could help to optimize the care of patients
in this setting.

TREATMENT OPTIONS FOR PATIENTS

WITH BONE METASTASES

Many strategies have been used to treat skeletal
complications and to manage chronic bone pain in
patients with malignant bone disease. Traditional
strategies were developed to treat bone pain or skel-
etal fractures. These approaches include radiation
therapy (including radionuclide therapy), analgesia
and surgery.>? These strategies, however, do not
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address the underlying cause of skeletal complica-
tions (i.e. increased bone resorption) and are not
effective in the prevention of SREs. Antiresorptive
agents such as bisphosphonates target the cause
rather than consequences of SREs, and are effective
in the prevention of these events.

Treatment of SREs

With the advent of bisphosphonate therapy,
physicians are now able to prevent or delay the
onset of SREs.?>?* Bisphosphonates bind to
the surface of the bone, are taken up by osteoclasts
during osteolysis, and can induce apoptosis of
osteoclasts.2> Bisphosphonates reduce osteoclast
viability and function, and, therefore, decrease
the abnormally high levels of bone resorption
that are characteristic of malignant bone disease.
Bisphosphonates have also shown antitumor
activity in the preclinical setting in several cancer
cell lines including lung, breast, and prostate
cancer.26-30 In patients with bone metastases, the
goal of bisphosphonate therapy is to prevent
the onset and recurrence of SREs, and to palliate
bone pain, which could reduce the need for
analgesics and palliative therapies such as surgery
and radiation to the bone. Bisphosphonates offer
several advantages over other localized therapies.
Unlike external-beam radiotherapy, bisphospho-
nates are not limited to an anatomic site but
are dispersed systemically and attach rapidly to
mineralized bone surfaces.2>3132 Indeed, blood
flow—and hence, delivery of these agents—can
be increased at sites of active bone remodeling.>3
Bisphosphonates can also be used in combina-
tion with other anticancer treatments, such as
chemotherapy, without an associated increase in
myelotoxicity, which is a well known side-effect
of cytotoxic chemotherapy. Notably, data from
preclinical studies have demonstrated syner-
gistic effects of combining zoledronic acid (and
to a lesser extent other bisphosphonates)* with
various chemotherapeutic regimens, and prelimi-
nary clinical studies suggest that such regimens are
feasible.3>3 For example, combined treatment
with docetaxel and zoledronic acid resulted in an
additive and synergistic decrease in the viability of
prostate cancer cells in vitro.>® In a pilot study in 25
patients with hormone-refractory prostate cancer,
combination therapy with weekly docetaxel and
zoledronic acid every 4 weeks elicited a clinical
response in 58% of patients.>” Other small studies
suggest that such antitumor activity might also
include inhibition of angiogenesis (i.e. through
a reduction in circulating levels of vascular
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endothelial growth factor), immunostimulatory
effects (through the induction of y§ T-cell prolif-
eration), and reduction of disseminated tumor
cells in the bone marrow.

Palliation of bone pain

Pharmacotherapy for metastatic bone pain that
is generally moderate to severe in nature, consists
of long-term administration of NSAIDs or
paracetamol (acetaminophen), along with potent
opioid analgesics. Opioids, in conjunction with
adjuvant analgesics, provide effective palliation in
many cases, particularly in patients with vertebral
metastases. Opioids, however, are associated with
considerable drug-related adverse effects that can
negatively affect patients’ QOL.4!*2 In addition
to the potential for addiction, a common adverse
effect from opioid use is sedation, which can limit
functional autonomy in patients with life expec-
tancies of several months or years. Opioids can
also cause respiratory depression, which is rare,
but potentially lethal.#! In a study of patients
with metastatic prostate cancer, a third of those
who died were in an opioid-induced coma at the
time of death and had no other discernable cause
of death at autopsy.#® Patients’ QOL can also be
affected by obstructive bowel disorders that result
from the most common adverse effect of opioids,
constipation.** Furthermore, management of
these adverse effects requires careful dose titration
of opioids, and the best-tolerated dose might not
provide optimal analgesia.

Pain from bone metastases that is not manage-
able with analgesics is typically treated with
radiation therapy.*> Although most patients with
painful bone metastases are likely to benefit from
radiation therapy, precise data on the proportion
of patients who actually receive such treatment are
not available. One report, however, suggests that
radiation therapy might be underused because
of the inconvenience of multiple visits for both
planning and treatment.*® For localized bone
pain, a randomized, controlled trial demonstrated
that external-beam radiation therapy (EBRT)
can reduce pain in up to 50% of patients.*” The
optimum fraction dosing and total doses of
EBRT required for pain relief have not yet been
established. Pain palliation can have a delayed
onset, and up to 16% of patients who undergo
EBRT experience pain flares after treatment.8
EBRT, therefore, might not be appropriate in
patients with short life expectancy. In addition,
the toxicity of EBRT can limit its value for patients
with multiple or diffuse lesions. For these patients,
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Table 1 Summary of trials that investigated early-generation bisphosphonates.

Reference Patients Tumor  Drugregimen Comparator Efficacy results
(n) type

Etidronate

lwamoto et al. 30 Several  400mg per day orally Baseline Transient decrease in pain

(2002)%38 for 2 weeks

Clodronate

Heidenreich et al. 85 Prostate  300mg per day Baseline Decrease in pain vs baseline (VAS 7.9 to 2.5;

(2001)54 cancer intravenously for 8 days, P<0.001)
followed by 1,600 mg Increased Karnofsky PS vs baseline (45% to 70%;
per day orally P=NR)

Tubiana-Hulinetal. 144 Breast 1,600mg per day orally  Placebo Decrease in pain (P=0.01)

(2001)%® cancer Increased time to first SRE (P=0.05)

Ernst et al. 209 Prostate 1,500mg intravenously  Placebo No change in pain, survival, QOL, or palliative

(20083)%6 cancer  every 3 weeks response (P=NS)

Santangelo et al. G5) Several  300mg intravenously Baseline Significant decrease in pain

(2006)%7 every 2 days Significant increase in QOL (P=NR)

Ozyuvaci et al. 16 Prostate 400 mg orally three No bisphosphonate  Decrease in pain (75% vs 66% without

(2005)°8 cancer  times aday treatment bisphosphonate; P<0.0001)

Donat et al. 176 Breast 2 x400mg per day Baseline Significant decrease in pain (VAS 8 to 4; P=NR)

(2005)%9 cancer  orally Increased Karnofsky PS (60% to 80%; P=NR)

Rodrigues et al. 58 Prostate 1,500mg intravenously  Baseline Decreased mean pain scores (VAS 7.4 to 2.4)

(2004)60 cancer  every 28 days, then Increased Karnofsky PS (43% to 73%; P=NR)
every 4-6 months

Hering et al. 32 Prostate 1,500mg intravenously  Baseline Decrease in pain in 91% of patients (VAS 7.7 to 2.1)

(2003)81 cancer  every 28 days Increased Karnofsky PS (42% to 71%)

Abbreviations: NR, not reported; NS, not significant (P>0.05); PS, performance status; QOL, quality of life; SRE, skeletal-related event; VAS, visual analog

scale (10 point).

systemic administration of radionuclide therapy
might be effective. Indeed, reductions in mean
pain levels have been reported after radionuclide
therapy in approximately 70% of patients with
prostate or breast cancer.*® Although this therapy
can provide effective palliation of bone pain,
little is known about the effects of radiation on
the structural integrity of the skeleton, which is
an important consideration in a weight-bearing
site (e.g. pelvis, femur, and tibia). Moreover, radio-
nuclide therapy is associated with temporary,
dose-limiting myelosuppression.’® Although
generally reversible, recovery from such myelo-
suppression is dependent on existing bone marrow
reserve, which is often low in patients undergoing
cytotoxic chemotherapy for metastatic cancer.

Patients with bone metastases can sometimes
require orthopedic surgery to treat or prevent
an impending pathologic fracture. Surgery is
especially common in patients who have osteo-
lytic lesions on weight-bearing bones. This inter-
vention results in additional costs to the patient,
and can lead to extended convalescence and
rehabilitation.”!

EVIDENCE FOR EFFICACY OF
BISPHOSPHONATES IN PAIN MANAGEMENT
Early-generation bisphosphonates
Early-generation bisphosphonates (e.g. sodium
clodronate, disodium etidronate) have been estab-
lished as effective palliative therapy in patients
with malignant bone disease. These bisphospho-
nates are metabolized by osteoclasts to produce
nonhydrolyzable, cytotoxic ATP analogs, which
result in loss of mitochondrial membrane poten-
tial and direct induction of apoptosis. The high
affinity of bisphosphonates for the bone ensures
the selective accumulation of cytotoxic metabo-
lites within osteoclasts.’? These agents, however,
have a limited effect (Table 1)>>-°! and have only
been tested in a few tumor types. For example, in
patients with bone metastases from a variety of
tumors, oral etidronate 400 mg daily for 2 weeks
reduced bone pain levels compared with baseline;
however, this effect was transient and had dimin-
ished after 12 weeks.>® The introduction of clodro-
nate provided physicians with a slightly more active
alternative to etidronate. In a randomized trial of
144 patients with breast cancer, oral clodronate
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1,600mg daily, in addition to chemotherapy or
hormonal therapy, provided significant pallia-
tion of pain compared with placebo (P=0.01,
measured using a visual analog pain scale) and
significantly delayed the median time to first SRE
compared with placebo (P=0.05).%> In a study of
85 patients with prostate cancer, after an initial
8-day period on a starting dose of 300 mg daily,
the same dose and schedule (i.e. 1,600 mg daily)
significantly reduced pain below baseline levels
(P<0.001), reduced analgesic use, and improved
Karnofsky performance status.’* Intravenous
monthly clodronate therapy, however, failed to
provide significant pain palliation in combination
with standard therapy in patients with hormone-
refractory prostate cancer in two randomized,
double-blind, placebo-controlled trials.’®%* Clod-
ronate is currently not approved for intravenous
use. These data, although promising, were incon-
sistent and suggest that clear efficacy of clodronate
for pain control has not been demonstrated.

Nitrogen-containing bisphosphonates
In contrast to the early-generation bisphospho-
nates, nitrogen-containing bisphosphonates affect
osteoclast activity and survival by inhibiting the
enzyme farnesyl diphosphate synthase. This inhi-
bition interferes with a variety of cellular functions
that are essential for the bone-resorbing activity
and survival of osteoclasts.”?> The nitrogen-
containing bisphosphonates include disodium
pamidronate, alendronic acid, ibandronate
sodium, risedronate sodium, and zoledronic acid.
The introduction of these agents in the clinical
trial setting resulted in dramatically improved
therapeutic activity (Table 2 [an enlarged version
of Table 2 that includes information on additional
studies is available online]).63-78

Pamidronate was among the first nitrogen-
containing bisphosphonates introduced. Its
efficacy as a therapeutic agent for patients with
bone metastases has been studied in a variety of
cancers. In one study, the efficacy of pamidro-
nate was compared with that of placebo in 382
patients with breast cancer and osteolytic bone
metastases.®3 This study demonstrated that 90 mg
pamidronate increased the median time to a first
SRE by approximately 6 months compared with
placebo (P=0.005), and decreased the propor-
tion of patients with skeletal complications by
13% (P=0.008). In addition, patients treated
with pamidronate had a smaller increase in bone
pain than placebo-treated patients (P=0.046)
after 12 months of treatment.%® The study was
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extended for an additional year and the number
of patients with SREs at the end of 24 months was
significantly lower with pamidronate than with
placebo (P<0.001), but no significant differences
in QOL, survival, or performance status were
reported.®* However, data from long-term follow-
up of patients enrolled in these trials demonstrated
effective palliation of bone pain by pamidronate in
women with osteolytic lesions from breast cancer.
Pamidronate-treated patients had a significant
decrease in pain scores (—0.07 versus +1.14 units on
a scale that combined pain intensity and frequency;,
P=0.015) and analgesic use (-0.06 versus +1.84
on a scale that combined type of analgesic used
with frequency of use, P<0.001) compared with
patients who received placebo.”® Although Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status and overall QOL deteriorated in all
patients, pamidronate treatment was associated
with a trend toward less deterioration (ECOG
status change 0.29 versus 0.52, P=0.133; Spitzer
QOL index change —0.57 versus —0.97, P=0.211).

Pamidronate has also been studied in patients
with bone metastases secondary to prostate cancer;
however, it produced no significant benefits
compared with placebo in the incidence of SREs
or the severity of bone pain, and pamidronate
is currently not indicated in this setting.%® In a
meta-analysis of two multicenter, double-blind,
randomized, placebo-controlled trials of 378
patients with bone pain from metastatic pros-
tate cancer, no sustained significant differences
were observed between pamidronate and placebo
groups in self-reported pain measurements, anal-
gesic use, proportion of patients with an SRE,
or mobility.%°

Ibandronate is a relatively new nitrogen-
containing bisphosphonate that has demon-
strated greater potency than pamidronate in
animal studies.®? In patients with bone meta-
stases from breast cancer, 6 mg intravenous iban-
dronate significantly reduced the frequency of
SREs by 20% compared with placebo (P=0.004),
and reduced the number of new bone events per
patient by 27% versus placebo (P=0.032).”! This
therapeutic agent can also be administered orally.
A pooled analysis of two phase III trials in patients
with breast cancer and bone metastases demon-
strated that 50 mg oral ibandronate reduced the
risk of developing SREs by 38% (P<0.0001),
and reduced the frequency of new bone events
by 14% (P=0.041).80 Notably, these results
reached significance only when the results of the
two trials were pooled. In another randomized,
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Table 2 Summary of trials that investigated nitrogen-containing bisphosphonates (other than zoledronic acid).

Reference Patient Tumortype Drugregimen Comparator Efficacy results
(n)
Disodium pamidronate
Hortobagyietal. 382 Breast 90mg intravenously every Placebo Decreased SRE (P=0.008)
(1996)83 cancer 4 weeks for 12 months Increased time to first SRE (P=0.005)
Decreased VAS pain scores (44% vs 32%; P=0.03)
Theriault et al. 372 Breast 90mg intravenously every Placebo Decreased SRE (P=0.027)
(1999)%° cancer 4 weeks for 24 months Decreased SMR (P=0.008)
Small et al. 378 Prostate 90mg intravenously every Placebo Increased pain? (P=NS)
(2003)%6 cancer 3 weeks for 27 weeks Decreased SRE (P=NS)
Groff et al. 200 Several 60mg per week intravenously for  Baseline Stable Karnofsky PS
(2001)%8 3 weeks, then every 3 weeks for
18 months
Ibandronate sodium
Body et al. 564 Breast 50mg per day orally for up to Placebo Decreased pain? (Change from baseline
(2004)70 cancer 96 weeks -0.1vs +0.2; P=0.001)
Body et al. 466 Breast 2mg or 6mg intravenously every  Placebo Decreased pain? (P=NR)
(2003)"1 cancer 3-4 weeks for up to 24 months Decreased SMPR (P=0.004)
Tripathy and 876 Breast 6mg intravenously every Placebo Decreased pain? (for 6mg intravenously, change
Bergstrom cancer 3—4 weeks or 50mg orally from baseline-0.28 vs +0.21; P<0.001)
(2005)72
Menssen et al. 198 Multiple 2mg per month intravenously for  Placebo Decreased SRE (P=NS)
(2002)73 myeloma 12-24 months Increased survival (P=NS)
Tripathy et al. 435 Breast 50mg per day orally Placebo Decreased SMPR (18%, P=0.037)
(2004)74 cancer Decreased RR of SRE (P=0.005)
Body et al. 383 Several 6mg intravenously every Placebo Decreased pain? (change from baseline —0.28
(2005)7° 3-4 weeks (n=312); 4mg vs +0.21; P<0.001)

intravenously for 4 days (n=18);
6mg intravenously for 3 days,
then every 4 weeks (n1=53)

Increased QOL (P=NR)

3Pain was assessed on a 5-point scale. This table only includes data from studies involving more than 100 patients. An enlarged version of this table is available
as Supplementary Table 2 on the Nature Clinical Practice Oncology website. Abbreviations: NS, not significant (P>0.05); NR, not reported; PS, performance status;
QOL, quality of life; RR, relative risk; SMR, skeletal morbidity rate; SMPR, skeletal morbidity period rate; SRE, skeletal-related event; VAS, visual analog scale.

double-blind, placebo-controlled trial, patients
with breast cancer and bone metastases who
were treated with 20mg or 50 mg oral ibandro-
nate also experienced a significant decrease in the
frequency of SREs versus placebo (P=0.024 and
P=0.037, respectively).”* Moreover, the relative
risk of skeletal events was reduced by 38% (20 mg
dose, P=0.009) and 39% (50 mg dose, P=0.005)
compared with placebo. Mean patient-reported
bone pain scores increased by 0.21 in the placebo
group, compared with a slight increase of 0.03 in
the 50mg group (P=0.201), and a decrease of
0.06 in the 20 mg group (P=0.071). These changes
reflect a 17% increase (placebo), a 4.5% decrease
(20 mg ibandronate), and a 2.3% increase (50 mg
ibandronate) in mean pain scores compared with
respective baseline levels.

Opverall, ibandronate treatment has produced
trends toward decreased pain, but the magnitude

of improvement in pain scores has been inconsis-
tent. Similarly, the effect of ibandronate on QOL is
not well characterized. QOL analyses of the results
from the two pooled phase III trials of oral iban-
dronate described above revealed less deterioration
in QOL (-8.3 versus —26.8 on a 100-point scale,
P=0.032) with ibandronate treatment compared
with placebo.”® Ibandronate treatment also
reduced pain scores and maintained them signifi-
cantly below baseline throughout the study dura-
tion of 96 weeks in these analyses (0.1 versus
+0.2 on a 5-point scale, P=0.001 versus placebo).
Ibandronate, however, has not been well studied in
patients with bone metastases secondary to solid
tumors other than breast cancer. One small study
that assessed the efficacy of combined radiotherapy
and ibandronate for treatment of bone meta-
stases from various solid tumors (breast, prostate,
lung, and renal) reported a 4.28 point increase in
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Table 3 Summary of randomized clinical trials of 4 mg zoledronic acid.

www.nature.com/clinicalpractice/onc

Reference Patient Tumor type Regimen Comparator Efficacy results
(n)
Vogel et al. 638 Several 4mg every 3-4 weeks  Baseline Decreased pain (-6.9 on VAS; P<0.05)
(2004)81 for 6 doses
Kohnoetal. 228 Breast cancer 4mg every 4 weeks Placebo Decreased SRE (P=0.027)
(2005)82 for 1 year Decreased RR SRE (P=0.019)
Saad et al. 643 Prostate cancer 4mg every 3 weeks Placebo Decreased SRE (P=0.021)
(2002)83 for 15 months Increased time to first SRE (P=0.011)
Saad et al. 1222 Prostate cancer 4mg every 3 weeks Placebo Decreased SRE (P=0.005)
(2004)24 for 24 months Decreased RR SRE (P=0.002)
Reduced BPI scores (0.58 vs 1.05; P<0.024)
Weinfurt et 422 Prostate cancer 4mg every 3 weeks Placebo Decreased pain BPI (P=0.04)
al. (2006)84 for up to 15 months
Rosenetal. 773 Lung cancerand  4mg every 3 weeks Placebo Decreased SRE (P=NS)
(2003)8° other solid tumors  for 9 months Increased time to first SRE (P=0.023)
Decreased RR SRE (P=0.017)
Rosenetal. 773 Lung cancerand  4mg every 3 weeks Placebo Decreased SRE (P=NS)
(2004)86 other solid tumors ~ for 21 months Increased time to first SRE (P=0.009)
Decreased annual incidence of SREs (P=0.012)
Decreased RR SRE (P=0.003)
Rosen et al. 1,648 Breast cancer 4mg every 3-4 weeks  Disodium pamidronate Decreased pain BPI (P=NS)
(2001)87 Multiple myeloma  for 12 months 90mg intravenously Decreased SMR (in those who also received
every 34 weeks EBRT; P=0.018)
Rosen et al. 1,648°  Breast cancer 4mg every 3-4 weeks  Disodium pamidronate Decreased RR for SREs (P=0.030)
(2004)88 Multiple myeloma  for 24 months 90mg intravenously
every 3—4 weeks
Rosen et al. 766 Breast cancer 4mg every 3—4 weeks  Disodium pamidronate Decreased RR for SREs (P=0.037)
(2004)88 for 12 months 90mg intravenously Increased time to first SRE (P=0.013)
every 3-4 weeks
Wardley etal. 101 Breast cancer 4mg every 3 weeks Baseline Decreased worst, average, and interfering pain
(2005)89 for up to 27 weeks (change in baseline from —0.5 to —0.8 overall BPI
score; P<0.04 in last 7 days)
Wiktor- 260 Several 4mg every 3-4 weeks Baseline Decreased pain (-20.9 on VAS; P<0.001)
Jedrzegjgzak for up to 24 weeks Increased QOL FACT-G score (P<0.001)
(2005)

aThis study was an extension of Saad et al. (2003).83 PThis study was an extension of Rosen et al. (2003).85 °This study was an extension of Rosen et al. (2001).87 This
table only includes data from studies involving more than 100 patients. An enlarged version of this table is available as Supplementary Table 3 on the Nature Clinical
Practice Oncology website. Abbreviations: BPI, Brief Pain Inventory; EBRT, external beam radiation therapy; FACT-G, Functional Assessment of Cancer Therapy-
General; NS, not significant (P>0.05); QOL, quality of life; RR, relative risk; SMR, skeletal morbidity rate; SRE, skeletal-related event; VAS, visual analog scale (100 point).

EORTC-QOL scores, and a 19.6 point increase in
Karnofsky performance status (on a 100-point
scale) versus baseline.”” This study, however, did
not include patients who received radiotherapy
alone, so whether this improvement is attribu-
table to ibandronate is unclear. A pilot study of
intravenous ibandronate has demonstrated pallia-
tion of opioid-resistant pain in a small number of
patients with metastatic bone disease.”® Mean pain
scores at baseline were 5 to 6 on a 10-point scale;
pain scores at 7, 21, and 42 days after ibandro-
nate treatment were less than 4 on the same scale
(P<0.001 for each time point). In addition, QOL
improved by approximately 2 points on a 10-point
Edmonton Symptom Assessment System scale,

and improvements were maintained throughout
the 42-day study (P<0.05 at each time point).
Data from one placebo-controlled, randomized
trial showed that ibandronate reduced pain (pain
score change —0.28 versus +0.21 on a 5-point
scale; P<0.001) and improved QOL in patients
with metastatic bone disease.”>’® Small phase IT
trials that used high loading doses of ibandronate
also reported rapid palliation of opioid-resistant
pain and improvements in QOL; however, the
safety and efficacy of such dosing regimens are yet
to be confirmed.”>”8 Although results from breast
cancer studies are encouraging, data from large,
prospectively defined trials are necessary to deter-
mine the efficacy of ibandronate in patients with
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Figure 2 Zoledronic acid improves quality of life measures in patients with bone
metastases from breast cancer. Overall mean change from baseline reported at
final visit (after nine infusions). Zoledronic acid exhibited significant improvements
from baseline (P <0.05) in all domains except role functioning. Adapted with
permission from Macmillan Publishers Ltd © Wardley A et al. (2005) Br J Cancer
92: 1869-1876.89 Abbreviation: EORTC QLQ-C30, European Organisation for
Research and Treatment of Cancer Quality of Life Core Questionnaire 30.

bone metastases from solid tumors other than
breast cancer.

Zoledronic acid is the newest nitrogen-
containing bisphosphonate and is the only agent
that has demonstrated efficacy in patients with
hormone-refractory prostate cancer, breast cancer,
multiple myeloma, or lung cancer and other solid
tumors. The use of zoledronic acid is of particular
interest given the ability of bisphosphonates to
reduce pain by treating the underlying source of
the problem. Zoledronic acid has demonstrated
effectiveness in the prevention and delay of SREs
in patients with multiple myeloma or bone meta-
stases from a variety of tumor types in the clinical
setting (Table 3 [an enlarged version of Table 3
that includes information on additional studies is
available online]).?32481-9 [ts use for palliation of
bone metastases has been studied in breast cancer
in a randomized, placebo-controlled trial, in
which this agent provided consistent and durable
reductions in pain®? and improvements in QOL
(Figure 2).89 Moreover, zoledronic acid (4mg)
produced an approximate 40% drop in the risk of
developing an SRE for patients with breast cancer
(P=0.019) compared with placebo.8? Zoledronic
acid consistently reduced Brief Pain Inventory
composite pain scores from baseline compared
with placebo throughout this study (Figure 3).82

Zoledronic acid has also been compared with
pamidronate in patients with breast cancer or

multiple myeloma and at least one bone lesion.’”

In this noninferiority trial, patients were randomly
allocated to receive either zoledronic acid or
pamidronate every 3—4 weeks. This trial was not
designed to assess the superiority of zoledronic
acid in pain management, and no significant
differences in pain scores were observed between
treatment groups. Treatment with 4mg zole-
dronic acid, however, significantly decreased the
proportion of patients who required palliative
radiotherapy to the bone, which is a surrogate
marker for bone pain, compared with 90mg
pamidronate during the first 13 months of the
study (P=0.018).87 In a subanalysis of the breast-
cancer cohort, the time to first SRE was 136 days
longer in the 4 mg zoledronic acid group than in
the pamidronate group (P=0.013).38 Andersen-
Gill multiple event analysis showed that the risk
of developing an SRE was also 20% lower for all
patients with breast cancer treated with zoledronic
acid compared with those treated with pamidro-
nate (P=0.037).88 In the 24-month extension
of the original study, 4 mg zoledronic acid reduced
the overall risk of developing a skeletal complica-
tion (including hypercalcemia of malignancy) by
16%, compared with pamidronate (P=0.030).23
Consistent with the 13-month results, no differ-
ences in pain scores for each treatment group
were observed; however, significant differences
were evident in the proportions of patients who
required palliative radiotherapy to the bone (19%
for the 4 mg zoledronic acid group versus 24% for
the pamidronate group; P=0.037).2> Moreover,
when adjusted for survival, 4mg zoledronic
acid was associated with a significantly reduced
cumulative mean number of administrations of
radiation to the bone—by 35.4%—compared
with pamidronate at 25 months, and this reduc-
tion was consistent throughout the course of the
trial (P=0.003).°® The importance of this study
was its use of an active-treatment control group.
Not only did zoledronic acid show benefit, but it
demonstrated significant superiority to the well-
studied, early-generation, nitrogen-containing
bisphosphonate pamidronate in the subset analy-
ses of patients with breast cancer (P=0.046).
This active-control trial was designed to establish
noninferiority of zoledronic acid to pamidronate,
and hence the study was not powered to detect
differences in pain control between treatments.
The effectiveness of zoledronic acid in patients
with hormone-refractory prostate cancer has
also been shown in a large, multicenter, placebo-
controlled trial. In the original analysis of data from
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this trial, patients treated with 4 mg zoledronic acid
had an 11% lower absolute incidence of SREs than
patients treated with placebo (44.2% versus 33.2%,
P=0.021) during a 15-month period.33 The study
was extended to 24 months and zoledronic acid
(4mg) significantly reduced the proportion of
patients who had at least one SRE by 11% rela-
tive to placebo (38% versus 49%, P=0.028). The
annual incidence of SREs was 0.77 for the zole-
dronic acid group versus 1.47 for the placebo
group (P=0.005).2* Compared with placebo, 4mg
zoledronic acid reduced the ongoing risk of SREs
by 36% (P=0.002).>* Mean pain scores were
also significantly lower in patients who received
zoledronic acid compared with placebo-treated
individuals at the first (3 months, P=0.003)%7 and
final (24 months, P=0.024) study assessments.?*
Zoledronic acid is the only bisphosphonate with
broad regulatory approval for use in patients
with bone metastases from prostate cancer.

A significant decrease in bone pain compared
with baseline for patients with bone metastases
from multiple cancer types was also reported in
another large, open-label, single-arm study.3! This
study, conducted in community centers, assessed
the safety of zoledronic acid for approximately
6 months in patients with multiple myeloma,
breast cancer, or prostate cancer with and without
previous bisphosphonate exposure. In the
638 patients studied, pain scores decreased signifi-
cantly from baseline (P<0.05) and QOL scores
remained constant.3!

CONCLUSIONS
Bone pain and SREs in patients with metastatic
cancers result in the loss of functional independence
and a decrease in patients’ QOL. The underlying
mechanisms of osteolysis weaken bone integrity
and result in additional bone pain. Patients who
suffer from bone metastases can require radiation
treatment coupled with analgesic therapy or bone
surgery. Although they reduce total bone pain, these
treatments can cause pain flashes and fail to manage
the underlying disease and source of the pain.
Bisphosphonates show promise in the preven-
tion of SREs and for the palliation of bone pain.
Their mechanism of action enables these agents
to stop bone resorption, which strengthens bone
and provides an overall improvement in the
underlying basis for bone pain in patients with
metastatic cancer. Different classes of bisphos-
phonates have different abilities to protect against
SREs; nitrogen-containing bisphosphonates have
considerably higher efficacy in this regard than

0.8
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-B- Placebo AN k

0.6

Mean change in BPI scores from baseline
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Figure 3 Mean change from baseline in Brief Pain Inventory composite pain

scores by treatment group and time on study. Patients continued to receive
chemotherapy or standard treatment for breast cancer. Decreases in pain

scores associated with zoledronic acid were statistically significant (P <0.05)

versus placebo at all time points from 4 weeks onwards. Reprinted with

permission from the American Society of Clinical Oncology © Kohno N et al.
(2005) Zoledronic acid significantly reduces skeletal complications compared
with placebo in Japanese women with bone metastases from breast cancer:

a randomized, placebo-controlled trial. J Clin Oncol 23: 3314-3321.82

the early-generation agents such as clodronate.
Furthermore, although most bisphosphonates
demonstrate an analgesic effect to some degree in
patients with bone metastases zoledronic acid is the
only therapy that has demonstrated effectiveness
in the prevention, reduction, and delay of SREs in
multiple tumor types. In addition, data have
demonstrated that zoledronic acid can provide
increased benefits for patients when administered
before the onset of bone pain in multiple tumor
types.”® Moreover, treatment continues to provide
benefits to patients for up to 2 years of therapy,
even after the onset of SREs.?>-102

Zoledronic acid is also the only bisphosphonate
to demonstrate superiority to pamidronate for
some relevant end points; this result was obtained
by direct comparison in a clinical trial that involved
patients with breast cancer.8 Zoledronic acid has
also demonstrated efficacy in the long-term treat-
ment of pain in patients with breast cancer or pros-
tate cancer. The possibility of using zoledronic acid
to not only control bone pain but also to prevent
future SREs makes it an ideal candidate for use in
the care of patients with bone metastases.

Supplementary information in the form of
enlarged versions of Tables 2 and 3 is available on
the Nature Clinical Practice Oncology website.
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KEY POINTS

= Bone metastases disrupt skeletal metabolism,
which can result in disabling and potentially
life-limiting skeletal-related events including
pathologic fracture, spinal-cord compression,
the requirement for surgery or radiation therapy
to bone, and hypercalcemia of malignancy

= Bone metastases are the most frequent source
of severe pain in patients with advanced cancers

= Skeletal-related events can reduce the functional
independence of patients and undermine their
quality of life

= Through the inhibition of bone resorption,
bisphosphonates have demonstrated efficacy
in delaying the onset and reducing the risk
of skeletal-related events, as well as palliating
bone pain

= Zoledronic acid is the only bisphosphonate that
has demonstrated efficacy in reducing the risk of
skeletal-related events in multiple cancer types,
and in the long-term palliation of bone pain in
patients with breast or prostate cancer

References

1 Van Poznak C and Nadal C (2006) Bone integrity and
bone metastases in breast cancer. Curr Oncol Rep 8:
22-28

2  Saad F (2006) Bone-directed treatments for prostate
cancer. Hematol Oncol Clin North Am 20: 947-963

3  Coleman RE (2004) Bisphosphonates: clinical
experience. Oncologist 9 (Suppl 4): 14-27

4 Fourneau | and Broos P (1998) Pathologic fractures
due to metastatic disease. A retrospective study of 160
surgically treated fractures. Acta Chir Belg 98: 255-260

5 Deng G and Cassileth BR (2005) Integrative oncology:
complementary therapies for pain, anxiety, and mood
disturbance. CA Cancer J Clin 55: 109-116

6  Mantyh PW (2004) A mechanism-based
understanding of bone cancer pain. Novartis Found
Symp 261: 194-214 discussion 214-219, 256-261

7  Ripamonti C and Fulfaro F (2001) Pathogenesis and
pharmacological treatment of bone pain in skeletal
metastases. QJ Nucl Med 45: 65-77

8  Sabino MA and Mantyh PW (2005) Pathophysiology
of bone cancer pain. J Support Oncol 3: 15-24

9  Coleman RE (1997) Skeletal complications of
malignancy. Cancer 80 (Suppl): 1588-1594

10 Weinfurt KP et al. (2005) The significance of skeletal-
related events for the health-related quality of life of
patients with metastatic prostate cancer. Ann Oncol
16: 579-584

11 Kinnane N (2007) Burden of bone disease. Eur J Oncol
Nurs 11 (Suppl 2): S28-S31

12 Reich CD (2003) Advances in the treatment of bone
metastases. Clin J Oncol Nurs 7: 641-646

13 Diel IJ (2007) Effectiveness of bisphosphonates on
bone pain and quality of life in breast cancer patients
with metastatic bone disease: a review. Support Care
Cancer 15: 1243-1249

14 Cleeland CS and Ryan KM (1994) Pain assessment:
global use of the Brief Pain Inventory. Ann Acad Med
Singapore 23: 129-138

15 Cella DF et al. (1993) The Functional Assessment of
Cancer Therapy scale: development and validation
of the general measure. J Clin Oncol 11: 570-579

www.nhature.com/clinicalpractice/onc

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Spitzer WO et al. (1981) Measuring the quality of life
of cancer patients: a concise QL-index for use by
physicians. J Chronic Dis 34: 585-597

Aaronson NK et al. (1993) The European Organisation
for Research and Treatment of Cancer QLQ-C30: a
quality-of-life instrument for use in international clinical
trials in oncology. J Nat/ Cancer Inst 85: 365-376
EuroQol Group (1990) EuroQol—a new facility for the
measurement of health-related quality of life. Health
Policy 16: 199-208

Adrover E et al. (2005) Development of a questionnaire
to measure health-related quality of life (HRQoL)

in patients with bone metastases (BOMET-Qol).

J Outcomes Res 9: 15-27

Harris K and Chow E (online 2006) Bone metastases
module [http://groups.eortc.be/qol/downloads/
2006_southampton/chow_bone_mets_module_short_
nov2006.pdf] (accessed 15 December 2008)

Sureda A et al. (2007) Final development and validation
of the BOMET-QoL questionnaire for assessing quality
of life in patients with malignant bone disease due to
neoplasia. J Med Econ 10: 27-39

Lipton A (2005) Management of bone metastases

in breast cancer. Curr Treat Options Oncol 6: 161-171
Rosen LS et al. (2003) Long-term efficacy and safety
of zoledronic acid compared with pamidronate
disodium in the treatment of skeletal complications

in patients with advanced multiple myeloma or breast
carcinoma: a randomized, double-blind, multicenter,
comparative trial. Cancer 98: 1735-1744

Saad F et al. (2004) Long-term efficacy of zoledronic
acid for the prevention of skeletal complications in
patients with metastatic hormone-refractory prostate
cancer. J Natl Cancer Inst 96: 879-882

Licata AA (2005) Discovery, clinical development,
and therapeutic uses of bisphosphonates.

Ann Pharmacother 39: 668-677

Jagdev SP et al. (2001) The bisphosphonate, zoledronic
acid, induces apoptosis of breast cancer cells: evidence
for synergy with paclitaxel. BrJ Cancer 84: 1126-1134
Caraglia M et al. (2006) Emerging anti-cancer
molecular mechanisms of aminobisphosphonates.
Endocr Relat Cancer 13: 7-26

Boissier S et al. (1997) Bisphosphonates inhibit
prostate and breast carcinoma cell adhesion to
unmineralized and mineralized bone extracellular
matrices. Cancer Res 57: 3890-3894

Berger W et al. (2006) The N-containing
bisphosphonate zoledronic acid exerts potent
anticancer activity against non-small cell lung cancer
cells by inhibition of protein geranylgeranylation
[abstract #4981]. Proc Am Assoc Cancer Res 46
Fournier P et al. (2002) Bisphosphonates inhibit
angiogenesis in vitro and testosterone-stimulated
vascular regrowth in the ventral prostate in castrated
rats. Cancer Res 62: 6538-6544

Saad F (2006) The role of bisphosphonates in the
management of prostate cancer. Curr Oncol Rep 8:
221-227

Pavlakis N et al. (2005) Bisphosphonates for breast
cancer. Cochrane Database of Systematic Reviews
2005, Issue 3. Art. No.: CD003474.

doi: 10.1002/14651858.CD003474.pub2.
Hansen-Algenstaedt N et al. (2006) Sequential
changes in vessel formation and micro-vascular
function during bone repair. Acta Orthop 77: 429-439
Vogt U et al. (2004) Breast tumour growth

inhibition in vitro through the combination of
cyclophosphamide/metotrexate/5-fluorouracil,
epirubicin/cyclophosphamide, epirubicin/paclitaxel,
and epirubicin/docetaxel with the bisphosphonates
ibandronate and zoledronic acid. Oncol Rep 12:
1109-1114

172 NATURE CLINICAL PRACTICE ONCOLOGY

COSTA AND MAJOR MARCH 2009 VOL6 NO 3

© 2009 Macmillan Publishers Limited. All rights reserved



www.nature.com/clinicalpractice/onc

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

Budman DR and Calabro A (2006) Zoledronic acid
(Zometa) enhances the cytotoxic effect of gemcitabine
and fluvastatin: in vitro isobologram studies with
conventional and nonconventional cytotoxic agents.
Oncology 70: 147-153

Ozturk OH et al. (2007) Cisplatin cytotoxicity is
enhanced with zoledronic acid in A549 lung cancer cell
line: preliminary results of an in vitro study. Cell Biol Int
31:1069-1071

Bertelli G et al. (2006) Weekly docetaxel and zoledronic
acid every 4 weeks in hormone-refractory prostate
cancer patients. Cancer Chemother Pharmacol 57:
46-51

Neville-Webbe HL et al. (2005) Sequence- and
schedule-dependent enhancement of zoledronic

acid induced apoptosis by doxorubicin in breast

and prostate cancer cells. Int J Cancer 113:

364-371

Ullén A et al. (2005) Additive/synergistic antitumoral
effects on prostate cancer cells in vitro following
treatment with a combination of docetaxel and
zoledronic acid. Acta Oncol 44: 644-650

Winter MC et al. (2008) Exploring the anti-tumour
activity of bisphosphonates in early breast cancer.
Cancer Treat Rev 34: 453-475

Ballantyne JC (2007) Opioid analgesia: perspectives
on right use and utility. Pain Physician 10: 479-491
Panchal SJ et al. (2007) Opioid-induced bowel
dysfunction: prevalence, pathophysiology and burden.
Int J Clin Pract 61: 1181-1187

Loberg RD et al. (2007) The lethal phenotype

of cancer: the molecular basis of death due to
malignancy. CA Cancer J Clin 57: 225-241

Meuser T et al. (2001) Symptoms during cancer pain
treatment following WHO-guidelines: a longitudinal
follow-up study of symptom prevalence, severity and
etiology. Pain 93: 247-257

Yoshida K and Hiratsuka J (2006) Palliative radiotherapy
for metastatic bone tumor [Japanese]. Clin Calcium 16:
641-645

Fairchild A et al. (2008) The rapid access palliative
radiotherapy program: blueprint for initiation of a one-
stop multidisciplinary bone metastases clinic. Support
Care Cancer [doi: 10.1007/s00520-008-0468-3]
Smeland S et al. (2003) Role of strontium-89 as
adjuvant to palliative external beam radiotherapy is
questionable: results of a double-blind randomized
study. Int J Radliat Oncol Biol Phys 56: 1397-1404
Chow E et al. (2005) Pain flare following external beam
radiotherapy and meaningful change in pain scores

in the treatment of bone metastases. Radiother Oncol
75: 64-69

Hellman RS and Krasnow AZ (1998) Radionuclide
therapy for palliation of pain due to osteoblastic
metastases. J Palliat Med 1: 277-283

Lewington VJ (2005) Bone-seeking radionuclides

for therapy. J Nucl Med 46 (Suppl 1): 38S-47S

Delea T et al. (2004) The cost of treatment of skeletal-
related events in patients with bone metastases from
lung cancer. Oncology 67: 390-396

Green JR (2004) Bisphosphonates: preclinical review.
Oncologist 9 (Suppl 4): 3-13

Iwamoto J et al. (2002) Transient relief of metastatic
cancer bone pain by oral administration of etidronate.
J Bone Miner Metab 20: 228-234

Heidenreich A et al. (2001) The use of bisphosphonate
for the palliative treatment of painful bone metastasis
due to hormone refractory prostate cancer. J Urol 165:
136-140

Tubiana-Hulin M et al. (2001) Double-blinded
controlled study comparing clodronate versus placebo
in patients with breast cancer bone metastases
[French]. Bull Cancer 88: 701-707

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Ernst DS et al. (2003) Randomized, double-blind,
controlled trial of mitoxantrone/prednisone and
clodronate versus mitoxantrone/prednisone and
placebo in patients with hormone-refractory prostate
cancer and pain. J Clin Oncol 21: 3335-3342
Santangelo A et al. (2006) The use of bisphosphonates
in palliative treatment of bone metastases in a
terminally ill, oncological elderly population. Arch
Gerontol Geriatr 43: 187-192

Ozyuvaci E et al. (2005) The effects of clodronate for
the pain treatment of bone metastasis due to prostate
cancer [Turkish]. Agri 17: 49-53

Donat DA et al. (2005) Low-dose clodronate

as adjunctive therapy in breast cancer patients

with bone metastases [abstract #27P]. Ann Oncol

16 (Suppl 2): ii278

Rodrigues P et al. (2004) Use of bisphosphonates

can dramatically improve pain in advanced hormone-
refractory prostate cancer patients. Prostate Cancer
Prostatic Dis 7: 350-354

Hering F et al. (2003) Clodronate for treatment of bone
metastases in hormone refractory prostate cancer.

Int Braz J Urol 29: 228-233

Strang P et al. (1997) The analgesic efficacy of
clodronate compared with placebo in patients with
painful bone metastases from prostatic cancer.
Anticancer Res 17: 4717-4721

Hortobagyi GN et al. (1996) Efficacy of pamidronate

in reducing skeletal complications in patients with
breast cancer and lytic bone metastases. Protocol 19
Aredia Breast Cancer Study Group. N Engl J Med 335:
1785-1791

Hortobagyi GN et al. (1998) Long-term prevention of
skeletal complications of metastatic breast cancer
with pamidronate. Protocol 19 Aredia Breast Cancer
Study Group. J Clin Oncol 16: 2038-2044

Theriault RL et al. (1999) Pamidronate reduces skeletal
morbidity in women with advanced breast cancer and
lytic bone lesions: a randomized, placebo-controlled
trial. Protocol 18 Aredia Breast Cancer Study Group.
J Clin Oncol 17: 846-854

Small EJ et al. (2003) Combined analysis of two
multicenter, randomized, placebo-controlled studies of
pamidronate disodium for the palliation of bone pain in
men with metastatic prostate cancer. J Clin Oncol 21:
4277-4284

Wong R et al. (2003) A randomized double blind
placebo controlled trial of radiotherapy (XRT) with or
without single dose pamidronate (PAM) for pain relief
in patients with painful bone metastases [abstract
#3099]. Proc Am Soc Clin Oncol 22 (Suppl): 77

Groff L et al. (2001) The role of disodium pamidronate
in the management of bone pain due to malignancy.
Palliat Med 15: 297-307

Vitale G et al. (2001) Pamidronate improves the
quality of life and induces clinical remission of bone
metastases in patients with thyroid cancer. BrJ
Cancer 84: 1586-1590

Body JJ et al. (2004) Oral ibandronate improves bone
pain and preserves quality of life in patients with
skeletal metastases due to breast cancer. Pain 111:
306-312

Body JJ et al. (2003) Intravenous ibandronate reduces
the incidence of skeletal complications in patients with
breast cancer and bone metastases. Ann Oncol 14:
1399-1405

Tripathy D and Bergstrdm B (2005) Effect of
intravenous and oral ibandronate on the need for
analgesic interventions for metastatic bone pain:
phase lll trial results [abstract #404]. Eur J Cancer
Suppl 3: 113

Menssen HD et al. (2002) Effects of long-term
intravenous ibandronate therapy on skeletal-related

MARCH 2009 VOL6 NO 3 COSTA AND MAJOR

NATURE CLINICAL PRACTICE ONCOLOGY 173

© 2009 Macmillan Publishers Limited. All rights reserved



www.nhature.com/clinicalpractice/onc

Acknowledgments
Funding for medical editorial
assistance was provided by
Novartis Pharmaceuticals
Corporation. We thank
Carol Sledz, PhD, ProEd
Communications, Inc., for
her editorial assistance with
this manuscript.

Competing interests
L Costa has declared
associations with the
following companies:
Amgen, Novartis and
Roche. PP Major has
declared associations with
the following companies:
Amgen and Novartis. See
the article online for full
details of the relationships.

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

events, survival, and bone resorption markers in
patients with advanced multiple myeloma. J Clin
Oncol 20: 2353-2359

Tripathy D et al. (2004) Oral ibandronate for the
treatment of metastatic bone disease in breast cancer:
efficacy and safety results from a randomized, double-
blind, placebo-controlled trial. Ann Oncol 15: 743-750
Body JJ et al. (2005) Acute and long-term relief from
metastatic bone pain with intravenous ibandronate:
phase lll and phase Il trial results [abstract #26P]. Ann
Oncol 16 (Suppl 2): ii277

Heidenreich A et al. (2005) Ibandronate in the
management of painful osseous metastases due to
hormone refractory prostate cancer [poster #279].
Presented at the 2005 ASCO Prostate Cancer
Symposium: 2005 February 17-19, Orlando, FL
Vassiliou V et al. (2005) Combination of radiotherapy
and ibandronate for the treatment of bone metastases:
clinical evaluation and radiological assessment
[abstract 21-160]. Support Care Cancer 13: 467
Mancini | et al. (2004) Efficacy and safety of
ibandronate in the treatment of opioid-resistant bone
pain associated with metastatic bone disease: a pilot
study. J Clin Oncol 22: 3587-3592

Lipton A et al. (2000) Pamidronate prevents skeletal
complications and is effective palliative treatment

in women with breast carcinoma and osteolytic

bone metastases: long term follow-up of two
randomized, placebo-controlled trials. Cancer

88: 1082-1090

Body JJ et al. (2004) Oral ibandronate reduces the risk
of skeletal complications in breast cancer patients
with metastatic bone disease: results from two
randomised, placebo-controlled phase Ill studies.
BrJ Cancer 90: 1133-1137

Vogel CL et al. (2004) Safety and pain palliation of
zoledronic acid in patients with breast cancer, prostate
cancer, or multiple myeloma who previously received
bisphosphonate therapy. Oncologist 9: 687-695
Kohno N et al. (2005) Zoledronic acid significantly
reduces skeletal complications compared with
placebo in Japanese women with bone metastases
from breast cancer: a randomized, placebo-controlled
trial. J Clin Oncol 23: 3314-3321

Saad F et al. (2002) A randomized, placebo-controlled
trial of zoledronic acid in patients with hormone-
refractory metastatic prostate carcinoma. J Nat/
Cancer Inst 94: 1458-1468

Weinfurt KP et al. (2006) Effect of zoledronic acid on
pain associated with bone metastasis in patients with
prostate cancer. Ann Oncol 17: 986-989

Rosen LS et al. (2003) Zoledronic acid versus placebo
in the treatment of skeletal metastases in patients
with lung cancer and other solid tumors: a phase lll,
double-blind, randomized trial—the Zoledronic Acid
Lung Cancer and Other Solid Tumors Study Group.

J Clin Oncol 21: 3150-3157

Rosen LS et al. (2004) Long-term efficacy and safety of
zoledronic acid in the treatment of skeletal metastases
in patients with nonsmall cell lung carcinoma and other
solid tumors: a randomized, phase lll, double-blind,
placebo-controlled trial. Cancer 100: 2613-2621
Rosen LS et al. (2001) Zoledronic acid versus
pamidronate in the treatment of skeletal metastases

in patients with breast cancer or osteolytic lesions

of multiple myeloma: a phase lll, double-blind,
comparative trial. Cancer J 7: 377-387

Rosen LS et al. (2004) Zoledronic acid is superior to
pamidronate for the treatment of bone metastases in
breast carcinoma patients with at least one osteolytic
lesion. Cancer 100: 36-43

Wardley A et al. (2005) Zoledronic acid significantly
improves pain scores and quality of life in breast

cancer patients with bone metastases: a randomised,
crossover study of community vs hospital
bisphosphonate administration. Br J Cancer 92:
1869-1876

90 Wiktor-Jedrzejczak W (2005) Reduction of pain
as the primary determinant of improved quality of life
of cancer patients receiving zoledronic acid (Zol)
for bone involvement [abstract #8022]. J Clin Oncol
23 (Suppl): 734s

91 Ripamonti C et al. (2007) Decreases in pain at rest
and movement-related pain during zoledronic acid
treatment in patients with bone metastases due to
breast or prostate cancer: a pilot study. Support Care
Cancer 15: 1117-1184

92 Stanculeanu DL et al. (2006) Zoledronic acid
treatment in osteocondensant bone metastasis
prostate cancer patients [poster #289]. Presented
at the 2006 ASCO Prostate Cancer Symposium: 2006
February 24-26, San Francisco, CA

93 Efstathiou E et al. (2005) Combination of docetaxel,
estramustine phosphate, and zoledronic acid in
androgen-independent metastatic prostate cancer:
efficacy, safety, and clinical benefit assessment.
Urology 65: 126-130

94 Clemons MJ et al. (2006) Phase |l trial evaluating the
palliative benefit of second-line zoledronic acid in
breast cancer patients with either a skeletal-related
event or progressive bone metastases despite
first-line bisphosphonate therapy. J Clin Oncol 24:
4895-4900

95 Fulfaro F et al. (2005) The use of zoledronic acid
in patients with bone metastases from prostate
carcinoma: effect on analgesic response and bone
metabolism biomarkers. J Chemother 17: 555-559

96 Major PP et al. (2004) Zoledronic acid reduces the
need for radiation to bone in patients with breast
or prostate cancer metastatic to bone: a survival-
adjusted cumulative incidence analysis [poster
#8058]. Presented at the 40th Annual Meeting of the
American Society of Clinical Oncology: 2004 June
5-8, New Orleans, LA

97 Saad F et al. (2003) Long-term reduction of bone
pain with zoledronic acid in patients with advanced
prostate cancer metastatic to bone [poster #1473].
Presented at the American Urological Association
Annual Meeting: 2003 April 26-May 1, Chicago, IL

98 Costa L and Chen YM (2006) Breast cancer patients
without pain are at risk for skeletal-related events
and may have better outcomes with zoledronic acid
compared with pamidronate [abstract #1071]. Breast
Cancer Res Treat 100: S62

99 Hirsh Vet al. (2004) Clinical benefit of zoledronic acid
in patients with lung cancer and other solid tumors:
analysis based on history of skeletal complications.
Clin Lung Cancer 6: 170-174

100 Rosen L et al. Long-term zoledronic acid therapy is
effective and safe for reducing the risk of skeletal
complications in patients with non-small lung
cancer (NSCLC) and bone metastases [poster #73].
Presented at the What is New in Bisphosphonates?
Seventh Workshop on Bisphosphonates—From the
Laboratory to the Patient: 2004 March 24-26, Davos,
Switzerland

101 Saad F et al. (2005) Long-term reduction of bone pain
and skeletal morbidity with zoledronic acid in patients
with prostate cancer and bone metastases [abstract
#572]. Eur Urol 3 (Suppl 4): 145

102 Saad F et al. Zoledronic acid is well tolerated for
up to 24 months and significantly reduces skeletal
complications in patients with advanced prostate
cancer metastatic to bone [poster #1472]. Presented
at the American Urological Association Annual
Meeting: 2003 April 26-May 1, Chicago, IL

174 NATURE CLINICAL PRACTICE ONCOLOGY

COSTA AND MAJOR MARCH 2009 VOL6 NO 3

© 2009 Macmillan Publishers Limited. All rights reserved




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    35.29100
    35.29100
    36.28300
    36.28300
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50000
    8.50000
    8.50000
    8.50000
  ]
  /PDFXOutputIntentProfile (Europe ISO Coated FOGRA27)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG PRINT PDF Job Options. PDF 1.3 Compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [666.000 855.000]
>> setpagedevice


