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A society of geriatric oncology (SIOG) task force reviewed information from the literature (in
PubMed) on bisphosphonates in elderly patients with bone metastases until December
2005. Additional pertinent data were obtained from the manufacturers.

Bisphosphonates are recommended in the elderly with bone metastases to prevent
skeletal-related events. Intravenous formulations are preferred for the treatment of hyper-
calcaemia. It has been recognised that zoledronic acid, ibandronate and pamidronate can
effectively contribute in relieving metastatic bone pain. Creatinine clearance should be
monitored in every patient, and a less renally toxic agent should be used where evidence
of similar efficacy is available. The assessment and optimisation of hydration status is rec-
ommended. Due to the risk from osteonecrosis of the jaw, routine oral examination and
treatment of dental problems by a dental team is recommended before bisphosphonates.

Physicians should choose the most appropriate bisphosphonate. Safety precautions are
particularly important in elderly patients. Further research is needed in this population.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

drugs. Many elderly patients have impaired renal function or
renal insufficiency (creatinine clearance <60 mL/min) as a re-

In elderly cancer patients with bone metastases, the use of sult of age-related kidney function decline and may be at par-

bisphosphonates to prevent skeletal-related events (SRESs)
warrants special consideration, due to physiologic decline
and comorbidities that require the use of several concomitant

ticular risk from renal toxicity. Furthermore, they may have
underlying renal impairment related to their disease (espe-
cially multiple myeloma).! Concomitant medications for
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treatment of the primary cancer, such as some chemothera-
pies,? also have potential nephrotoxic side effects.

Tolerability issues associated with intravenous (i.v.) bis-
phosphonates include infusion-site reactions, renal functions
deterioration and osteonecrosis of the jaw (ON]). Although
exceptional, elderly patients are at higher risk to develop re-
nal impairment due to reduced hydration, overuse of non-ste-
roidal anti-inflammatory drugs (NSAIDs) for analgesic
purposes, and concomitant treatment with antihyperten-
sives, antidiabetic drugs and lipid-lowering agents.

The objective of this publication is to provide clinical prac-
tice recommendations for physicians on the indications and
safe use of various bisphosphonates in elderly cancer pa-
tients with bone metastases. At the time of writing, there
were no randomised studies of elderly patients available on
which to base recommendations; therefore, data from the
available phase III and phase II studies of commonly pre-
scribed bisphosphonates and elderly subanalyses were
considered.

2. Prevention of SREs

Table 1 outlines dosing regimens, administration times and
indications for some commonly used bisphosphonates.

2.1. Intravenous bisphosphonates

2.1.1. Pamidronate

2.1.1.1. Recommendations for use. The infusion rate of pamidr-
onate should never exceed 60 mg/h (1 mg/min). In patients
with myeloma and pre-existing renal disease (serum creati-
nine <265 pmol/L or <3.0 mg/dL) ASCO guidelines recommend
no specific change in dosage, infusion time, or interval,?
although it is probably advisable to increase the treatment
interval.*

Pamidronate dose adjustment is not necessary in mild
(creatinine clearance 61-90 mL/min) to moderate renal
impairment (creatinine clearance 30-60 mL/min).> Pamidro-
nate should not be administered to patients with severe renal
impairment (creatinine clearance <30 mL/min) unless in

cases of life-threatening tumour-induced hypercalcaemia
where the benefit outweighs the potential risk. Renal function
monitoring is currently recommended prior to each dose. In
patients receiving pamidronate for bone metastases, who
show evidence of renal deterioration, pamidronate treatment
should be withheld until renal function returns to within 10%
of the baseline value.” Caution is warranted when pamidro-
nate is used with other potentially nephrotoxic drugs.

2.1.1.2. Clinical trial data

2.1.1.2.1. Breast cancer and multiple myeloma. Randomised
studies of i.v. pamidronate have shown efficacy for the pre-
vention of SREs in patients with metastatic bone disease
due to breast cancer and multiple myeloma.®® In these stud-
ies, pamidronate was generally well-tolerated, with few renal
adverse events.

Deterioration of renal function has been reported follow-
ing long-term treatment with pamidronate in patients with
multiple myeloma.® However, a study has shown that long-
term pamidronate treatment in 22 elderly patients (median
age 73 years) with bone metastases was effective and well-tol-
erated.” There were two cases (9%) of mild reversible renal
insufficiency (creatinine 1.7 and 1.6 mg/dL).

2.1.2.  Zoledronic acid
2.1.2.1. Recommendations for use. Special care should be ta-
ken to monitor renal function in the elderly.'® Pre-existing re-
nal insufficiency® and multiple cycles of zoledronic acid and
other bisphosphonates (e.g. pamidronate) are risk factors for
subsequent renal deterioration with zoledronic acid.****
Zoledronic acid dose adjustments are required for patients
with mild to moderate renal impairment depending on base-
line creatinine clearance: >60 mL/min=4mg; 50-60mL/
min=3.5mg; 4049mL/min=3.3mg; 30-39mL/min=3.0
mg.*® Zoledronic acid is not recommended in patients with se-
vere renal impairment (<30 mL/min). Renal monitoring guide-
lines in the prescribing information for zoledronic acid
recommend that serum creatinine be measured before each
dose and suggest that treatment be withheld in patients with
renal deterioration.'® Factors such as dehydration or the

Table 1 - Commonly used bisphosphonates for the treatment of metastatic bone disease

Clodronate
(Bonefos®;Ostac®)

Pamidronate
(Aredia®)

Zoledronic acid
(Zometa®)

Ibandronate
(Bondronat®)

Formulation

Administration time (i.v.)
Dosing regimen

Indication

Oral tablet or i.v. infusion
(rarely used)

2-4h

Oral 1600 mg/day, range
800-3200 mg/day
(maximum); i.v. 900 mg
every 34 weeks

MBD from breast cancer;
multiple myeloma; HCM

i.v. Infusion

>2h
90 mg i.v. every 3-4
weeks

MBD from breast
cancer; multiple
myeloma; HCM

i.v. Infusion

>15 min
4mg i.v. every 3-4 weeks

MBD from breast, prostate,
lung or other solid
tumours; multiple
myeloma; HCM

Oral tablet or i.v. infusion

1h
6 mg i.v. every 3-4 weeks
Oral 50 mg/day

MBD from breast cancer;
HCM

MBD = metastatic bone disease; HCM = hypercalcaemia of malignancy; i.v. = intravenous.
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concomitant administration of other nephrotoxic agents
should be identified and managed if possible.

2.1.2.2. Clinical trial data
2.1.2.2.1. Breast cancer, multiple myeloma, all solid tumours.
The superiority of zoledronic acid compared with pamidro-
nate has been demonstrated by a multiple-event analysis in
breast cancer patients.’® The efficacy of 4 mg i.v. zoledronic
acid for the prevention of SREs has been demonstrated in
phase III trials of patients with breast cancer, multiple myelo-
ma, hormone-refractory prostate cancer (HRPC) and other so-
lid tumours.'” In patients with breast cancer, or with solid
tumours, the safety of zoledronic acid was reported to be sim-
ilar to pamidronate or placebo. In patients with HRPC, renal
function deterioration occurred in 16/92 (17.4%) patients
who received 4 mg zoledronic and in 10/78 (12.4%) patients
who received placebo.’®

A sub-analysis of renal function deterioration was con-
ducted in patients aged <70 years and >70 years from the
phase III study. The differences between age groups were sim-
ilar for 4 mg zoledronic acid and 90 mg pamidronate (Table 2).
Within the limits of the data, the elderly kidney is no more
sensitive to the nephrotoxic effect of zoledronic acid than
the younger kidney.*®

2.1.3. Intravenous ibandronate

2.1.3.1. Recommendations for use. In a multivariate analysis,
age was not found to be an independent factor of any phar-
macokinetic parameters studied.’ No dosage adjustment is
necessary for patients with mild or moderate renal impair-
ment where creatinine clearance is >30mL/min. Below
30 mL/min creatinine clearance, the dose for prevention of
SREs in patients with metastatic breast cancer should be re-
duced to 2 mg every 3-4 weeks, (1-h infusion) to maintain
drug exposure levels. Approved product labelling for ibandro-
nate in the European Union recommends monitoring renal
function only according to clinical assessment of each patient
at the discretion of the physician. There are no dosing restric-
tions for ibandronate in patients who are receiving concomi-
tant nephrotoxic cancer therapies.

2.1.3.2. Clinical trial data
2.1.3.2.1. Breast cancer and multiple myeloma. The efficacy
and safety of i.v. ibandronate for the prevention of SREs are
demonstrated in a phase III, placebo-controlled study of pa-
tients with breast cancer and in an open-label 2-year exten-
sion of this trial.”” Two-year assessments of time to serum
creatinine increase also demonstrated renal safety compara-
ble to placebo.”

In a subset analysis of the pivotal phase III study of i.v.
ibandronate, time to renal function deterioration was investi-
gated in patients aged >65 years. Twenty-two percent (35/

158) of patients were >65 years in the placebo group, com-
pared with 25% (39/154) of patients in the ibandronate 6 mg
group. At 2 years, deterioration was similar between ibandro-
nate and placebo (9% versus 6% with placebo; Fig. 1'8). These
data may suggest that ibandronate has renal tolerance com-
parable to placebo even when administered in the elderly,
although this is unproven.

2.2. Oral bisphosphonates

2.2.1. Clodronate

2.2.1.1. Recommendations for use. Clinical trials have included
patients over 65 years, and no adverse reactions specific to
this age group have been reported. There are no special dos-
age recommendations in the elderly. In patients with severe
renal impairment (creatinine clearance 10-30 mL/min), the
daily dose should be reduced to half the usual dose, i.e.
800 mg. Clodronate is contra-indicated in patients with creat-
inine clearance <10 mL/min.

2.2.1.2. Clinical trial data
2.2.1.2.1. Breast cancer, multiple myeloma. Clinical trials of
oral clodronate have established its efficacy in patients with
breast cancer and multiple myeloma.’®?? Although oral
clodronate has been available for many years, it may not be
as effective as i.v. pamidronate.?

Ahigh incidence of gastrointestinal adverse events and dif-
ficulty swallowing the capsules/or large tablets commonly
contributes to non-compliance with oral clodronate.?*?>

2.2.2. Oral ibandronate

2.2.2.1. Recommendations for use. No dose adjustment is
necessary in elderly patients, or in patients with mild or mod-
erate renal impairment where creatinine clearance is >30
mL/min. Below 30 mL/min creatinine clearance, the recom-
mended dose is 50 mg weekly to maintain drug exposure lev-
els. Oral bisphosphonates should not be administered with
food. Ibandronate tablets should be taken after an overnight
fast (at least 6 h) and at least 30 min before the first food or
drink of the day.?®

2.2.2.2. Clinical trial data

2.2.2.2.1. Breast cancer. Oral ibandronate has been shown
effective and well tolerated in two phase III trials, and in an
open-label extension study, of patients with breast cancer."”
In these trials, 50 mg of oral ibandronate was well-tolerated
with few gastrointestinal adverse events. No patients with-
drew because of difficulties in swallowing the tablets."”

2.2.3. Approach in elderly patients
Physicians should take care to choose the most appropriate
bisphosphonate with the best safety profile. Head-to-head

Table 2 - Percentage of patients who experienced renal function deterioration with 4 mg i.v. zoledronic acid and 90 mg

pamidronate according to age

Treatment Age <70yr (%) Age >70 yr (%) Difference between age groups (95% CI)
Zoledronic acid 4 mg 9.1 7.5 —1.6 (-10.1,6.9)
Pamidronate 90 mg 8.2 8.2 —0.1 (-8.6,8.4)
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265 years: placebo 22% (35/158), ibandronate 6 mg 25% (39/154)
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Fig. 1 - Time to renal function deterioration with i.v.
ibandronate (6 mg) and placebo in the patients aged >65
years of age with metastatic breast cancer.'®

trials of bisphosphonates would help to determine relative
efficacy and safety profiles. Information on the cost-benefits
of bisphosphonates also would aid with treatment choice.

The panel recommends that bisphosphonates should only
be given to patients with life expectancy <90 days for uncon-
trolled pain. In terminally ill patients with hypercalcaemia,
only selected cases should receive bisphosphonates, and this
should be discussed first with the patients and/or their
families.

3. Bisphosphonates for the palliation of
metastatic bone pain

Elderly patients may experience more pain than younger
people, although they may be less likely to complain of it.?’
The elderly suffer from different causes of pain because of
polypathology.?®

Bone metastases are the most common cause of cancer-re-
lated pain, especially in the advanced stage of disease. Pain
caused by bone metastases is a serious clinical challenge. It
has a relevant impact on the quality of life and performance
status of patients, and causes disability, occurring at rest or
typically during movement.

3.1. Pamidronate

3.1.1. Breast cancer, multiple myeloma, and prostate cancer
The effect of i.v. pamidronate on pain from bone metastases
has been investigated in several randomised controlled trials.
In patients with breast cancer or multiple myeloma, i.v.
pamidronate (45 or 90 mg, every 3 or 4 weeks) was shown to
significantly decrease pain and improve the quality of
life.®”-?° However, in a combined analysis of two placebo-con-
trolled studies of men with prostate cancer, there were no
significant or sustained differences in self-reported pain,
analgesic use, or mobility between patients treated with
pamidronate or placebo.>®

3.2. Zoledronic acid

3.2.1. Breast cancer, HRPC and other solid tumours

Decreases in pain scores from baseline were observed after 12
months in a study of zoledronic acid versus pamidronate in
patients with advanced multiple myeloma and breast can-
cer.” In this study, analgesic scores either remained stable

or were reduced. Pain scores were also reduced in two ran-
domised studies of zoledronic acid versus placebo in patients
with advanced breast cancer, and in patients with solid tu-
mours (other than breast or prostate cancer) and pain at base-
line." In a randomised, phase III study of patients with HRPC
and bone metastases, patients receiving zoledronic acid re-
ported fewer increases in pain and analgesic scores than
those receiving placebo.'’

The palliative effects of zoledronic acid to relieve bone
pain have also been demonstrated in four non-blinded stud-
ies in patients with metastatic bone disease due to various
primary malignancies.?3*

3.3. Ibandronate

3.3.1. Breast cancer

In three phase III studies, 6 mg of i.v. ibandronate (infused
every 3 or 4 weeks) and 50 mg of daily oral ibandronate were
shown to significantly reduce pain scores below baseline for
up to 2 years.” The mean increase in analgesic use was also
lower in the ibandronate group compared with placebo (not
significantly different).”’

In an open-label, pilot study, intensive ibandronate treat-
ment (4 mg infused over 2 h for 4 consecutive days, 16 mg to-
tal dose) significantly reduced bone pain scores within 7 days
(P <0.001) in patients with opioid-resistant bone pain (from a
variety of tumours; mainly breast).'” Pain reductions were
sustained over the study period.

3.3.2.  HRPC and urological cancer

Although ibandronate is not registered for treating bone
metastases from HRPC or other urological cancers, the effi-
cacy and safety of loading-dose ibandronate (6 mg infused
over 1h on 3 consecutive days, 18 mg total dose) has been
investigated in two, open-label, non-randomised, phase II tri-
als. There was a significant reduction in the mean visual ana-
logue scores for metastatic bone pain from baseline on Day 3
(both were P< 0.001), which remained below baseline through-
out the remainder of the trials.”” There were no reports of re-
nal adverse events.

3.4.  Approach in elderly patients

A multidisciplinary approach should be taken to the treat-
ment of bone pain in elderly patients. Interventions may in-
clude any combination of the following: analgesic drugs,
chemotherapy and radiotherapy, hormone therapy, radionu-
clide therapy, bisphosphonates, cementoplasty, kyphoplasty,
surgical stabilisation and/or physiatric care. Bisphosphonates
should not be considered as an alternative to analgesics.
However, ibandronate, zoledronic acid and pamidronate have
been shown to be useful in the management of metastatic
bone pain. Depending on the situation in patients with severe
pain, who are unable to move easily, it may be better to start
treatment with an oral bisphosphonate at home (e.g. ibandr-
onate or clodronate) in association with analgesic drugs and
switch to an iv. formulation and hospital treatment once
mobility has improved or if compliance with oral ibandronate
becomes uncertain. However, the need to sit remaining
upright for at least 30 min should also be considered in
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administration route selection. Cost considerations should
not generally affect the decision to administer the most
appropriate therapy for each patient.

4, Bone markers as a clinical endpoint

Bone marker levels appear to correlate with the severity of
bone pain, and the extent of bone metastases.*>*° Studies have
also shown that the collagen breakdown product N-terminal
cross-linked type 1 collagen telopeptide (NTX) levels can pre-
dict the occurrence of SREs in patients with bone metastases,
and the response to bisphosphonate therapy.*™° A 12-week,
head-to-head, open-label trial of breast cancer patients with
bone metastases demonstrated similar effects of oral ibandro-
nate (50 mg/day) and i.v. zoledronic acid (4 mg infused over
15min every 4 weeks) on biochemical markers of bone
turnover.**2

ASCO guidelines state that ‘currently, only radiographic
evidence of bone metastases is a reliable stratifier of future
risk of bone complications’.** The use of bone markers to
determine the schedule of treatment is currently being tested
in the UK in a large phase III trial (BISMARK).

5. Adjuvant use and use for cancer treatment-
induced bone loss

Preliminary clinical data suggest that bisphosphonates may
prevent cancer-treatment-induced bone loss.** ASCO guide-
lines currently recommend that the bone health of patients
at risk of osteoporosis due to their age or their breast cancer
treatment is regularly and routinely assessed.*?

Elderly patients are particularly at risk for treatment-in-
duced bone loss and for a given bone mineral density they
are more likely to sustain a fracture. Assessment of bone min-
eral density before and at occasional intervals during endo-
crine treatments is recommended with intervention with
bisphosphonates if bone mineral density falls into the osteo-
porotic range. In case of significant bone loss, an earlier inter-
vention can be recommended if other risk factors for
osteoporotic fractures are also present.

Bisphosphonates may also be beneficial as adjuvant therapy.**
A subanalysis of elderly patients from a study of adjuvant clodro-
nate in women with primary operable breast cancer** comprised
13.7% of patients from the original study who were aged 65 years
or older.*® Dyspepsia was statistically more common in patients
receiving clodronate who were over 65 years. There were no sig-
nificant differences in serum creatinine levels between clodro-
nate and placebo groups, regardless of patient age.

Trials are ongoing with i.v. zoledronic acid, oral clodronate
and oral ibandronate. ASCO does not currently recommend
starting a bisphosphonate in women at any stage of non-osse-
ous disease, outside of clinical trials, regardless of whether
there is a high risk of bone metastases in the future.*®

6. Renal safety

In order to avoid renal toxicity with pamidronate or zoled-
ronic acid, creatinine clearance should be calculated in every
patient prior to each dose, even when serum creatinine is

within the normal range. In patients treated with ibandro-
nate, renal monitoring is at the physician’s discretion. Renal
function deterioration with iv. bisphosphonates may be
related to the peak dose and infusion time.'” Therefore, in pa-
tients predisposed to renal insufficiency it is important to use
recommended infusion times and doses. Care must be taken
in selecting the most appropriate i.v. bisphosphonate. For a
particular indication, physicians should preferentially choose
the most effective bisphosphonate with the lowest risk of
renal toxicity. All bisphosphonates have the potential to
cause renal toxicity; however, there is increasing evidence
that i.v. ibandronate is less toxic than other bisphospho-
nates.”” Further actions should be taken to reduce the risk
of nephrotoxicity with i.v. bisphosphonates in the elderly;
these include avoiding or limiting nephrotoxic agents during
bisphosphonate therapy, wherever possible using a less ren-
ally toxic drug, and preferentially using agents that have
practical recommendations for patients with renal insuffi-
ciency. It is therefore necessary to review other drugs being
taken. It is also recommended that physicians should assess
and optimise the hydration status of elderly patients. Patients
can be hydrated by fluids administered orally, intravenously
or by hypodermoclysis.*

Oral bisphosphonates are not commonly associated with
renal toxicity, so may be a viable treatment alternative in
some circumstances (i.e. patients who have completed i.v.
chemotherapy). Depending on the treatment indication, cau-
tion is warranted because some oral bisphosphonates are not
as effective as their i.v. counterparts; however, this does not
seem to be the case for ibandronate. Non-compliance with
oral treatment can also be a problem, and may be a particular
issue for elderly patients. Studies are needed that specifically
investigate long-term safety and bisphosphonate compliance
within elderly cancer patients.

7. Osteonecrosis of the jaw

ONJ may occasionally present as a serious and distressing
clinical complication in cancer patients with bone metasta-
ses. ONJ is most often associated with i.v. bisphosphonates,
but also described with oral therapy (in osteoporosis). A large
proportion are patients with multiple myeloma or breast can-
cer; dental intervention has occurred in 80% of them.*®

According to the American Academy of Oral Medicine,
dentists and physicians should work collaboratively to find
the best approach to prevent and manage ONJ. As the elderly
have more dental problems, they may be at particular risk
from ONJ. Prior to commencing treatment with i.v. bisphos-
phonates, it is recommended that patients should be seen
by a dentist and any oral disease should be stabilised. Patients
who have been given oral bisphosphonates within the last 3
months should also have a dental evaluation.*

A recent prospective study assessed ONJ in patients who
received bisphosphonates since January 1997.°° ONJ was ob-
served in 17 of 252 patients. In addition, the study revealed
that the length of exposure to bisphosphonates (pamidronate
or zoledronic acid) appeared to be the most important risk
factor for the occurrence of ONJ. There may be a greater risk
with zoledronic acid than with pamidronate that ONJ will de-

47,48
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velop sooner. Research is needed into the incidence of, and
also how to prevent and treat ONJ in patients receiving bis-
phosphonates. Caution is warranted with prolonged therapy.
Research is also needed to define the optimal duration of
therapy and frequency of infusions.

8. Conclusion

There are limited data on the use of bisphosphonates in el-
derly cancer patients. While the use of bisphosphonates is
recommended in these patients, care should be taken that
the most appropriate bisphosphonate is used. Safety precau-
tions are important in an elderly population, particularly with
regards to renal safety and ONJ.

Research is needed on when to stop bisphosphonates; the
role of bisphosphonates in patients with an expected survival
of less than 3 months, and the role of bisphosphonates in pa-
tients with non-lytic metastases. Future studies should addi-
tionally investigate the efficacy and safety of bisphosphonates
when integrated with other therapies (e.g. Samarium [Sm 153]-
lexidronam), and to determine the value of decreasing the fre-
quency of treatment in low-risk patients.

Sources of support/Conflict of interest statement

Dr. Body has received grant support from Hoffmann-La Roche
and Novartis, and honoraria from Hoffmann-La Roche.

Dr. Coleman has received grant support and honoraria
from both Novartis and Roche.

Dr. Ripamonti has received honoraria from Hoffmann-La
Roche and Novartis.

Dr. Aapro has received grant support from Hoffman-La
Roche and Novartis.

A grant was received from Hoffmann-La Roche to support
the SIOG taskforce activities.

The authors would like to thank Gardiner-Caldwell US for
their assistance in drafting the manuscript.

REFERENCES

1. Goldschmidt H, Lannert H, Bommer J, Ho AD. Multiple
myeloma and renal failure. Nephrol Dial Transplant
2000;15:301-4.

2. Patterson WP, Reams GP. Renal toxicities of chemotherapy.
Semin Oncol 1992;19:521-858.

3. Berenson JR, Hillner BE, Kyle RA, et al. American Society of
Clinical Oncology clinical practice guidelines: the role of
bisphosphonates in multiple myeloma. J Clin Oncol
2002;20:3719-36.

4. Body JJ. Hypercalcemia of malignancy. Semin Nephrol
2004;24:48-54.

5. Aredia® (pamidronate). SmPC. Novartis Pharmaceuticals UK.
4 January 2005.

6. Hortobagyi GN, Theriault RL, Lipton A, et al. Long-term
prevention of skeletal complications of metastatic breast
cancer with pamidronate. Protocol 19 Aredia Breast Cancer
Study Group. J Clin Oncol 1998;16:2038-44.

7. Theriault RL, Lipton A, Hortobagyi GN, et al. Pamidronate
reduces skeletal morbidity in women with advanced breast
cancer and lytic bone lesions: a randomized, placebo-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

controlled trial. Protocol 18 Aredia Breast Cancer Study Group.
J Clin Oncol 1999;17:846-54.

. Berenson JR, Lichtenstein A, Porter L, et al. Efficacy of

pamidronate in reducing skeletal events in patients with
advanced multiple myeloma. Myeloma Aredia Study Group. N
Engl ] Med 1996;334:488-93.

. Tralongo P, Repetto L, Di Mari A, et al. Safety of long-term

administration of bisphosphonates in elderly cancer patients.
Oncology 2004;67:112-6.

Mazj S, Lichtman SM. Renal dysfunction associated with
bisphosphonate use: retrospective analysis of 293 patients
with respect to age and other clinical characteristics. J Clin
Oncol 2004;22(Suppl. 14S) [Abstract 8039].

Kloth DD, McDermott RS, Rogatko A, Langer CJ. Impact of
zoledronic acid (Zol) on renal function in patients (pts) with
cancer: is constant monitoring necessary. Proc Am Soc Clin
Oncol 2003;22:755 [Abstract 3036].

Markowitz GS, Fine PL, Stack JI, et al. Toxic acute tubular
necrosis following treatment with zoledronate (Zometa).
Kidney Int 2003;64:281-9.

Stein SH, Davidson R, Tweed A, et al. Renal dysfunction with
IV bisphosphonates in patients with metastatic breast cancer.
Proc Am Soc Clin Oncol 2003;22:745 [Abstract 2997].

Johnson KB, Gable P, Kaime EM, Luiken G, Castillos T, Hu J.
Significant deterioration in renal function with the new
bisphosphonate, zoledronic acid. Proc Am Soc Clin Oncol
2003;22:738 [Abstract 2968|.

Zometa® (zoledronic acid). Summary of product
characteristics. Novartis Pharma. April 2005.

Rosen LS, Gordon DH, Dugan Jr W, et al. Zoledronic acid is
superior to pamidronate for the treatment of bone
metastases in breast carcinoma patients with at least one
osteolytic lesion. Cancer 2004;100:36-43.

Body JJ. Bisphosphonates for malignancy-related bone
disease: current status, future developments. Support Care
Cancer 2006;14(5):408-18.

Body JJ. Safety and tolerability of bisphosphonates in the
elderly: objective data. Presented at the 6th Meeting of ISGO/
SIOG, Geneva; 2005.

Paterson AHG, Powles TJ, Kanis JA, et al. Double-blind
controlled trial of oral clodronate in patients with

bone metastases from breast cancer. J Clin Oncol
1993;11:59-65.

Lahtinen R, Laakso M, Palva I, Virkkunen P, Elomaa I.
Randomised, placebo-controlled multicentre trial of
clodronate in multiple myeloma. Finnish Leukaemia Group.
Lancet 1992;340:1049-52.

McCloskey EV, MacLennan IC, Drayson MT, Chapman C,
Dunn J, Kanis JA. A randomized trial of the effect of
clodronate on skeletal morbidity in multiple myeloma. MRC
Working Party on Leukaemia in Adults. Br ] Haematol
1998;100:317-25.

McCloskey EV, Dunn JA, Kanis JA, MacLennan ICM, Drayson
MT. Long-term follow-up of a prospective, double-blind,
placebo-controlled randomized trial of clodronate in multiple
myeloma. Br ] Haematol 2001;113:1035-43.

Jagdev SP, Purohit P, Heatley S, Herling C, Coleman RE.
Comparison of the effects of intravenous pamidronate and
oral clodronate on symptoms and bone resorption in patients
with metastatic bone disease. Ann Oncol 2001;12:1433-8.
Atula S, Powles T, Paterson A, et al. Extended safety profile of
oral clodronate after long-term use in primary breast cancer
patients. Drug Safety 2003;26:661-71.

Robertson AG, Reed NS, Ralston SH. Effect of oral clodronate
on metastatic bone pain: a double-blind, placebo-controlled
study. J Clin Oncol 1995;13:2427-30.

Bondronat® 50 mg film-coated tablets. Summary of product
characteristics. Roche. June 2005.



858

EUROPEAN JOURNAL OF CANCER 43 (2007) 852-858

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Melding PS. Is there such a thing as geriatric pain? Pain
1991;46:119-21.

Helme RD, Gibson SJ. Pain in older people. In: Crombie IK

et al., editors. Epidemiology of pain. International Association
for the Study of Pain Press; 1999.

Conte PF, Latreille J, Mauriac L, et al. Delay in
progression of bone metastases in breast cancer patients
treated with intravenous pamidronate: results from a
multinational randomized controlled trial. The Aredia
Multinational Cooperative Group. J Clin Oncol
1996;14:2552-9.

Small EJ, Smith MR, Seaman JJ, Petrone S, Kowalski MO.
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 2003;21:4277-84.

Fulfaro F, Arcara C, Badalamenti G, et al. The use of
zoledronic acid in the treatment of painful bone
metastases from prostate cancer. Am Soc Clin Oncol 2003
[Abstract 1721].

Kretzschmar A, Wiegel T, Al-Batran SE, et al. Zoledronic acid
(Z) as palliative treatment in cancer patients with bone
metastases: interim results of a prospective, open-label trial. J
Clin Oncol 2004;22:760 [Abstract 8140].

Vogel CL, Yanagihara RH, Wood AJ, et al. Safety and pain
palliation of zoledronic acid in patients with breast
cancer, prostate cancer, or multiple myeloma who
previously received bisphosphonate therapy. Oncologist
2004;9:687-95.

Wardley A, Davidson N, Barrett-Lee P, et al. 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 ] Cancer 2005;92:1869-76.

Vinholes ], Guo CY, Purohit OP, et al. Metabolic effects of
pamidronate in patients with metastatic bone disease. Br J
Cancer 1996;73:1089-95.

Lipton A, Demers L, Curley E, et al. Markers of bone
resorption in patients treated with pamidronate. Eur J Cancer
1998;34:2021-6.

Vinholes JJ, Purohit OP, Abbey ME, et al. Relationships
between biochemical and symptomatic response in a double-
blind randomised trial of pamidronate for metastatic bone
disease. Ann Oncol 1997;8:1243-50.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Brown JE, Cook R], Major P, et al. Bone turnover markers

as predictors of skeletal complications in prostate cancer,
lung cancer, and other solid tumors. ] Natl Cancer Inst
2005;97:59-69.

Brown JE, Thomson CS, Ellis SP, et al. Bone resorption
predicts for skeletal complications in metastatic bone
disease. Br J Cancer 2003;89:2031-7.

Coleman RE, Major P, Lipton A, et al. Predictive value of bone
resorption and formation markers in cancer patients with
bone metastases receiving the bisphosphonate zoledronic
acid. J Clin Oncol 2005;23:4925-35.

Body J, Lichinister M, Tjulandin S, Budde M, Bergstrém B.
Effect of oral ibandronate versus intravenous (i.v.) zoledronic
acid on markers of bone resorption in patients with breast
cancer and bone metastases: results from a comparative
phase III trial. ASCO Meeting Abstracts, June 1; 2005. p. 534.
Body JJ, Lichinitser MR, Tjulandin SA, Coleman RE, Bergstrom
B. Safety of oral ibandronate and intravenous zoledronic acid
in breast cancer patients with metastatic bone disease. Breast
Cancer Res Treat 2005;94:5260 [Abstract 6035].

Hillner BE, Ingle JN, Chlebowski RT, et al. American Society of
Clinical Oncology update on the role of bisphosphonates and
bone health issues in women with breast cancer. J Clin Oncol
2003;21:4042-57.

. Lipton A. Toward new horizons: the future of bisphosphonate

therapy. Oncologist 2004;9(Suppl. 4):38-47.

Walsh G. Hypodermoclysis: an alternate method for
rehydration in long-term care. J Infus Nurs 2005;28:123-9.
Woo S-B, Hellstein JW, Kalmar JR. Systematic review:
bisphosphonates and osteonecrosis of the jaws. Ann Intern
Med 2006;144:753-61.

Migliorati C, Casiglia J, Epstein ], et al. Managing the care of
patients with bisphosphonate-associated osteonecrosis. JADA
2005;136:1658-68.

Ruggiero S, Gralow ], Marx RE, et al. Practical guidelines for
the prevention, diagnosis, and treatment of osteonecrosis of
the jaw in patients with cancer. ] Oncol Practice 2006;2:7-14.
Migliorati CA, Schubert MM, Peterson DE, Seneda LM.
Bisphosphonate-associated osteonecrosis of mandibular and
maxillary bone. An emerging complication of supportive
cancer therapy. Cancer 2005;104:83-93.

Bamias A, Kastritis E, Bamia C, et al. Osteonecrosis of the Jaw
in cancer after treatment with bisphosphonates: incidence
and risk factors. J Clin Oncol 2005;23:8580-7.



	International society of geriatric oncology (SIOG)  clinical practice recommendations for the use  of bisphosphonates in elderly patients
	Introduction
	Prevention of SREs
	Intravenous bisphosphonates
	Pamidronate
	Recommendations for use
	Clinical trial data
	2.1.1.2.1.


	Zoledronic acid
	Recommendations for use
	Clinical trial data
	2.1.2.2.1.


	Intravenous ibandronate
	Recommendations for use
	Clinical trial data
	2.1.3.2.1.



	Oral bisphosphonates
	Clodronate
	Recommendations for use
	Clinical trial data
	2.2.1.2.1.


	Oral ibandronate
	Recommendations for use
	Clinical trial data
	2.2.2.2.1.


	Approach in elderly patients


	Bisphosphonates for the palliation of metastatic bone pain
	Pamidronate
	Breast cancer, multiple myeloma, and prostate cancer

	Zoledronic acid
	Breast cancer, HRPC and other solid tumours

	Ibandronate
	Breast cancer
	HRPC and urological cancer

	Approach in elderly patients

	Bone markers as a clinical endpoint
	Adjuvant use and use for cancer treatment-induced bone loss
	Renal safety
	Osteonecrosis of the jaw
	Conclusion
	Sources of support/Conflict of interest statement
	References


