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Abstract Bisphosphonates are the primary pharmacological agents used for the manage-

ment of osteoporosis and hypercalcaemia of malignant bone disease. The efficacy
of these agents in these two conditions has been demonstrated in many well
designed trials published over the past 2 decades. The variety of bisphosphonates
currently available to us provides a wide range of tolerability and dosing profiles
thus necessitating a thorough comparison of the most recent oral and intravenous
bisphosphonates to differentiate the clinical context in which they should be used.
Despite the fact that bisphosphonates are generally well accepted, their tolerability
is dependent on complications which encompass gastrointestinal (GI) and renal
toxicity. Other adverse events include osteonecrosis of the jaw, arthralgias,
flu-like symptoms and uveitis. Studies have shown that various dosing regimens
are able to modulate these rates of toxicity. To maximise tolerability, the direction
of future therapy will likely fall into a pattern of decreasing the frequency of
administration of bisphosphonates, whether it is oral or intravenous formulations,
thus improving patient adherence.

To review the literature on different dosing regimens of various
bisphosphonates and their associated tolerability, we searched MEDLINE for
articles from 1975 to 2006. Oral bisphosphonates, in particular alendronate and
risedronate, have been systematically evaluated with regards to GI toxicity.
Overall tolerability with these oral formulations has found GI toxicity to be the
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primary adverse event of interest. Both alendronate and risedronate have been
found to have similar rates of GI toxicity when compared with placebo. Mounting
evidence has developed validating the use of intravenous ibandronate and
zoledronic acid for the purpose of treating hypercalcaemia secondary to malignan-
cy. Unique to all other bisphosphonates, ibandronate also has an oral form which
has a similar GI-toxicity profile to placebo. In addition, no significant differences
in renal toxicity have been observed between those receiving intravenous iban-
dronate compared with placebo. Because of its potency and mode of administra-
tion, zoledronic acid has been widely accepted for the treatment of
hypercalcaemia secondary to malignancy. However, a decrease in renal function,
albeit rare, remains a significant complication of zoledronic acid; therefore,
regular renal monitoring is recommended.

The effect of osteoporosis on health status in the
North American population is significant. The life-
time risk of a fracture of the hip, vertebra or wrist in
a Caucasian woman is approximately 40-50%.
Furthermore, mortality associated with hip fractures
alone approaches 12-20% in the first year after
fracture.[’! Currently, the first-line agents for the
treatment of osteoporosis are bisphosphonates,
drugs that have been shown to increase bone mineral
density and decrease the risk of fracture.
Malignancy-induced fractures, spinal cord compres-
sion and hypercalcaemia are prevalent secondary
manifestations of solid malignancies, which are also
responsive to these agents.[®! The broad application
of bisphosphonates also includes ankylosing spon-
dylitis and Paget’s disease.[*8! The high prevalence
of osteoporosis and solid malignancies emphasizes
the variety of applications of bisphosphonates and
the importance of evaluating the limitations and
strengths of each one of these medications in their
respective clinical context.

Several bisphosphonates play a significant role in
the management of osteoporosis and hypercal-
caemia of malignancy. Oral alendronate and
risedronate are bisphosphonates that are currently
used in the management of osteoporosis, whereas
ibandronate and zoledronic acid are administered
intravenously and are more recent additions to the
playing field. The effectiveness of these medications
is dependent upon a number of factors, which should
be integrated into the decision-making process. In
the case of osteoporosis, age, disease severity re-
flected by bone mineral density and the presence of
fractures, underlying metabolic bone disease, gas-
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tro-oesophageal reflux disease or underlying
oesophageal disease in general, renal disease, lack
of response to a previous bisphosphonate therapy,
planned future pregnancy and previous fracture are
some factors that must be considered. Tolerability
and dosing regimens are also important factors to
consider when treating patients. Both of these vari-
ables are features that are unique to different
bisphosphonates and each play an important role in
directing treatment towards a specific clinical con-
text.27-11

Alendronate and risedronate have clearly circum-
scribed tolerability features whereas tolerability fea-
tures of ibandronate and zoledronic acid are still
being defined. Primary factors that influence tolera-
bility include gastrointestinal (GI) and renal toxicity
in the case of oral and intravenous bisphosphonates,
respectively. Oral bisphosphonates can still contrib-
ute to renal toxicity but not to the extent of intrave-
nous bisphosphonates.”) More recently, extra-renal
and extra-GI complications associated with
bisphosphonates have come to light including oste-
onecrosis of the jaw, arthralgias, flu-like symptoms
and uveitis.['213!

The pivotal characteristics of instituting oral ther-
apy include frequency and dose, which are applied
in principle on an inverse relationship with respect
to each other. Similarly, an increase in cumulative
dose per unit time is associated with a decrease in
tolerability when not addressing efficacy. Tolerabil-
ity has been found to be similar amongst daily and
weekly dosing of alendronate while maintaining a
similar cumulative weekly dose.!'*! With the knowl-
edge that patients prefer intermittent dosing com-
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pared with daily dosing and given that the regimens
have proven similar efficacy, intermittent dosing
clearly plays a superior role in the context of patient
perception of tolerability and potential adherence to
therapy.['! The necessary precautions when taking
an oral bisphosphonate alter the adherence when
using either a daily or intermittent dose. Patients
themselves describe having a significant preference
for intermittent treatment.’

Malignancy-induced bone disease can be treated
with intravenous bisphosphonates, such as iban-
dronate and zoledronic acid, which have greater
potency than first- or second-generation bis-
phosphonates. The importance of treating malignan-
cy-induced hypercalcaemia is multifactorial since
treatments may help to manage symptoms such as
fatigue, nausea and coma while simultaneously alle-
viating bone pain.

Given that tolerability and variations in dosing
regimens are key features used by physicians to
determine which bisphosphonate should be used to
treat a patient in various clinical circumstances and
also in determining the effectiveness of
bisphosphonates, a review of the relevant studies
was conducted. The focus of this review is the newer
more potent bisphosphonates, namely alendronate,
risedronate, ibandronate and zoledronic acid.

1. Literature Search Methodology

A systematic search for relevant articles pertain-
ing to the tolerability and dosing of bisphosphonates
was carried out using MEDLINE. Key search terms
in the title included ‘alendronate’, ‘risedronate’,
‘ibandronate’, or ‘zoledronic acid’ (zoledronate). In
line with the focus of this review, etidronate,
clodronate or pamidronate were not specifically
looked at in this analysis. This was an exhaustive
search that examined all articles published between
1975 and 2006 containing the name of the
bisphosphonate in the title and encompassed rele-
vant clinical trials. Supplementary search terms in
the title also included tolerability, adverse events
and toxicity (renal or GI in nature). The search also
looked at terms relevant to dosing including oral or
intravenous modalities.
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2. Alendronate

Studies covering the tolerability profile of alen-
dronate are summarised in table I.

Classically, alendronate has been evaluated in
several dosing regimens of progressive intensity,
thus necessitating the study of drug tolerability. One
avenue of evaluating tolerability is to identify fac-
tors that have the ability to alter patient adherence.
Tolerability is tightly linked with adherence in the
case of alendronate. Approximately one-quarter of
individuals taking alendronate on a daily basis de-
scribed a decrease in their quality of life and tolera-
bility resulting in a decrease in adherence.’™ The
main reason for lack of adherence is having to wait
30 minutes before eating.!® It is for this reason that
alendronate adherence is significantly higher in the
weekly alendronate group (51.7%) than in the daily
alendronate group (37.7%).*7) Although it is possi-
ble that adherence may improve in light of the fact
the medication is only taken once a week with the
necessary precautions, once weekly dosing may also
be negatively affected by memory lapses compared
with a daily intake of the medication. However, this
hypothesis has not been validated in the context of
alendronate.

Decreased adherence evident with once-daily
dosing is also a result of GI adverse effects, the other
most common concern relevant to alendronate.”!
Although, increasing daily dose of alendronate or
increasing the frequency of dosing may lead to
increases in the incidence of GI adverse effects,
there does not appear to be a difference in the
incidence of serious adverse events of GI ori-
gin.["%151 Conlflicting results with regard to GI tolera-
bility have been reported. When compared with
placebo, GI adverse effects were noted, however,
they were not severe enough to result in a significant
difference in discontinuations compared with place-
bo.[1%191 Bone et al.'* and Sambrook et al.?* de-
scribe differences in the rates of GI events related to
different dosing regimens while Simon et al.''> and
Schnitzer et al.”>! showed that daily, bi-weekly and
weekly dosing (with the same weekly cumulative
dose) had similar adverse effect profiles.

A number of studies have been conducted to
investigate the incidence of GI adverse effects with
alendronate. Bone et al.l'*! described a clear differ-
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Table I. The tolerability profile of oral alendronate (ALE)

Study (year) Study design Sample size Intervention Outcomes Other manifestations of Gl toxicity
(duration) toxicity
Black et al. r, db, pc ALE: n = 1022; PLA: ALE 10mg daily Vertebral fractures There was no 40% in the PLA group and
(1996)(161 (36 months) n = 1005 significant difference in ~ 41.3% in the treatment group
rates of discontinuation  described Gl adverse effects
in both groups
Bone et al. r, db, pc, ALE variable dosing: ALE 20 mg/day Mean percentage in Skeletal safety. The safety profiles were similar
(2004)014 mc (3 years) n = 199; ALE low for years 1-2, change of BMD PLA group had 6.2% amongst all three groups. One
dose: n = 202; ALE then 5 mg/day for year new vertebral fractures  or two women in each group
moderate dose: n = 3; ALE 5 mg/day; compared with 3.2% in  withdrew because of upper Gl
196; PLA: n = 197 ALE 10 mg/day the ALE group events
Cummings r, db, pc ALE: n = 2214; PLA: ALE 5 mg/day for the BMD, fracture Other adverse events ALE did not increase the risk of

et al. (1998)('1 (48 months)

Eisman r, db, pc,
et al. (2004)"8!  mc, int

(12 weeks)
Ensrud r, db, pc
et al. (2004)('1 (3 years)
Greenspan et r, db, pc,

al. (2002)"0 mc (2 years)

n = 2218 first 2 years followed by
10 mg/day throughout

the rest of the study

ALE: n = 225; PLA:
n =225

ALE 70mg weekly

ALE high dose: n =
333; ALE moderate
dose: n = 329; PLA:
n =437

ALE 10 mg/day;
ALE 5 mg/day

A total of 327
individuals who met
inclusion and
exclusion criteria were
enrolled in this study.
Patients were then
randomised

ALE 10 mg/day

Clinical and laboratory
adverse events

BMD, safety

BMD, adverse
outcomes

not discussed

NA

10.4% in the ALE 5mg
and 10mg groups
combined and 11.4% in
PLA discontinued due
to adverse experiences
(p = 0.621). There was
no difference in
adverse experiences in
hospital or rates

of death

Reporting any clinical
adverse event was the
same in both groups
at 93%

Gl adverse events

Upper Gl adverse events
occurred in the ALE group
9.8% and the PLA group 9.4%.
Patients who discontinued due
to a drug-related event: 2.7% in
the ALE group; 2.2% in PLA

35.7% reported Gl adverse
events compared with 29.8%
taking PLA. There were no
significant differences between
the two groups with regard to
abdominal pain, acid reflux,
oesophagitis, oesophageal
ulcer and gastric or duodenal
ulcer

The presence of Gl toxicity was
33% in the ALE group and 35%
in the PLA group. There was
no significant difference in the
two groups

Continued next page
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Table I. Contd
Study (year) Study design Sample size Intervention Outcomes Other manifestations of Gl toxicity
(duration) toxicity
Greenspan et r, db, pc, PLA: n = 93; HRT: ALE 10 mg/day; HRT BMD Other adverse events There was no significant

al. (2003201

Kushida
et al. (2004)k1

Pols et al.
(1999)221

Quandt
et al. (2005)k3

Sambrook
et al. (2004)k4

Schnitzer
et al. (2000)25

fd (3 years)

r, db, ac,
dd (3 years)

r, db, pc, mc
(12 months)

r, db, pc,
mc (4.5 years
follow-up)

r, db, dd,
mc, int

(12 months
follow-up)

r, db, pc
(12 months)

n = 93; ALE: n = 93;
HRT and ALE: n = 94

ALE: n = 90; ALF:
n =80

ALE: n = 950; PLA:
n = 958

ALE: n = 1878; PLA:
n = 1859

ALE: n = 246; RAL:
n = 2412

ALE weekly: n = 519;
ALE bi-weekly:

n = 369; ALE daily:

n =370

estrogen
0.625 mg/day

ALE 5 mg/day

ALE 10 mg/day

ALE 5mg for 2 years
then 10mg for 3.8
years

ALE 70mg once
weekly; RAL 60 mg/day

ALE 70mg weekly; ALE
35mg every 3.5 days;
ALE 10 mg/day

Vertebral fracture, BMD

BMD

Risk of vertebral
fracture

BMD

BMD, Gl adverse
events

were evaluated and
none seemed to be
significant including
hypertension,
hospitalisations
and clinical
fractures

There was no
significant difference in
rates of all clinical
adverse events: 22.2%
in the ALE group

Overall incidence
of adverse events
was 67.1% in the ALE
group and 69.7%
in the PLA group

Vertebral fractures:
ALE: 16/10 000 person
years; PLA: 40/10 000
person years

Any adverse event in
the ALE group 62.6%.
Discontinuation

due to an adverse
event was 15.4%

There was no
significant difference in
rates of adverse events
across different
treatment groups

difference in rates of
oesophagitis, indigestion,
heartburn or dysphagia
compared with PLA. In the ALE
group, rates of oesophagitis,
heartburn and dysphagia were
26%, 18% and 3%,
respectively. There was no
significant difference from the
PLA group

The incidence of Gl events did
not differ significantly between
the two groups: ALE 14.4%

There was no significant
difference in rates of Gl events
between the two groups: 21.3%
ALE and 19.3% PLA

One weakness of this study is
that it does not account for
adverse events, including those
of a Gl nature

Drug-related Gl adverse event
occurred in 15.4% of the ALE
group. Drug-related upper Gl
event 9.3%

There was no significant
difference in rates of Gl
adverse events across the
three treatment modalities.
There was a trend towards
lower Gl events in the once
weekly dosing group

Continued next page

sajeuoydsoydsig jo suawiSay Surso(] JuaIajji(] Jo A[IqeIao],

LETT



Bobba et al.

1138
< ®
$ s 2 a2
22 -6 cS= 5
m°°.-o\°-o g.E_c
C—T N C [
g o0 ® o C
R EXR T 5 2T =
NS ES S o RO
S8+~6% 2+ S
. E . E o> S L wOo
s 8@ E = ]
Lomya>2 S5 v
NC 20 o2 c B
3 Q & = = C o
™ ~0:2 Q0 ©C o ®
"gadTcEO £E2 54
> |8020°F €T 535
= QX2 =@ — 3
8 o— T £ 090 SE 28
X [€Ess 8% = S LoD
L2 Ee ol > ? Qw4
= SN aYT 20
0] Od+~d+~T = z<@
S |22y
@ 52 ° o - 2
S S9< e o 5 =
2 20 20575 v 3z
=
8 |loEX6C %0 ¥
o o -.c Q0 — <
3 |§TosEES S o
= |5232%58T3 % ®E
< R) = O - |
o T a8 olllc oc¢cS
c =5 g o 0oL EG
>T =S99 O£ gy > . c <
558 g OO T ET L £55*
2eIElcs 25O S cow
EXN=0E2cgO> Q0 D90
OLl0O=22c0c®»d = res<
N
2 N
e ¥ o
[ < c
: =)
o QuocktE o -8
Ce0@EoG S O gR
» o0 S=85 =< oS
o} S0ETTT O VB SE
€ 280305 ©8 ==
S cocs5c28% £OT [¢
3 CEE2oX o> 8
= = . S5 O E O = (s}
3 Ts50.-_205£ 2T 02
(e} o Les55a6z202a0 OB
<
=
S
e
=5}
> = >
833w )
Bl 23
c o= 22 [
2 2=0¢g € E
= ES~ <=9
S =509 oo
“E’ '\EEV—; - ©
kot woaoncv w =
E [228E5 Iz
£ <=5 8 <
[
BI > 4
7] cXx <
= [} o
E .-
cx9
sc=>¢ .
o |Bes Q
N [§§OL <
@ g2 > I
o INETE ©
s o Gg>3 c N
QL |nopxT© oS
£ = 3w Yo
© Od)q- -
%) cl =~ < c
-
3
c < @8 —
k=) P) 0@
[ . D;ﬂ) oS
Cclols s 2 c
T Olog o X -9 Q9
%l 0290 Y Qo g
o = O.;owc o .
23|92=230¢ RS
[ICH OISR s ET
B2 = g
c| =~ = =
S| N <
ol g =} o
| > I I
== « N
S &
2z O — B =
2|8 |gw €w
|2 |E 2 52
FIl®w w o = o

© 2006 Adis Data Information BV. All rights reserved.

group

a ALE for the purpose of this review is being evaluated independently.

= gastrointestinal; HRT =

factorial design; Gl
hormone replacement therapy; int = international; mc = multicentre; nr = nonrandomised; ob = observational; op = open-label; pc = placebo-controlled; PLA

prospective; r = randomised; RAL = raloxifene.

crossover; db = double-blind; dd = double-dummy; fd =

bone mineral density; co =

alfacalcidiol; BMD =

active comparator; ALF

ac =

placebo; pr =

ence in the rates of GI adverse events related to
different dosing regimens, whereas Simon et al.l']
did not. Ensrud et al."”! also evaluated rates of upper
GI adverse events between the lower dose (5 mg/
day) and higher dose (10 mg/day). Unfortunately,
analyses of a direct comparison of the number of GI
adverse events that occurred in each of the two
groups were not carried out but instead a combined
population of Smg and 10mg was compared with
placebo. Unlike the study by Bone et al.,l'¥l which
compared tolerability across step-up dosing of alen-
dronate, the study by Greenspan et al.l'¥l compared
alendronate with placebo in a way similar to Ensrud
et al.l' Neither study found a significant difference
in rates of GI events or GI events requiring discon-
tinuation between the alendronate group and place-
bo. The primary difference between the study of
Ensrud et al." and the study of Greenspan et al.['”!
was the dosing regimens, the former using a combi-
nation of Smg and 10mg daily and the latter using a
daily dose of 10mg.

Schnitzer et al.*> found that daily, bi-weekly and
weekly dosing (with the same weekly cumulative
dose) had similar adverse effect profiles.[>’) Sam-
brook et al.**! evaluated the number of GI adverse
events in a study comparing alendronate and ralox-
ifene. In relation to alendronate, the study found that
adverse events did occur in a significant number of
individuals resulting in an increased number of dis-
continuations. The observed rate of GI adverse
events by Ensrud et al."®! was 35.7%. Similar con-
clusions can also be drawn from another pivotal
study by Turbi et al.*®! who, like Sambrook et al.,[*!
described a comparison between raloxifene and
alendronate. Focusing on the alendronate arm, ap-
proximately 10% of individuals receiving alen-
dronate at 10 mg/day had a GI adverse event during
a 12-month follow-up period. Such a finding lies in
contrast to Sambrook et al.** who found a higher
incidence of GI adverse events in the 70 mg/week
group.

Since bisphosphonates may be used concomi-
tantly with NSAIDs, interactions between NSAIDs
and alendronate have been studied particularly be-
cause both have the ability to cause GI adverse
events. Both drugs are capable of damaging the
gastric mucosa. However, the two drug classes af-
fect different regions of the gastric mucosa with

Drug Safety 2006; 29 (12)
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bisphosphonates being associated with oesophageal
mucosal ulcerations and erosions, and NSAIDs
commonly being associated with gastric ulcers.!?%
Graham and Malaty”® showed that there is syner-
gism between alendronate with NSAIDs in causing
GI adverse events, which was observed when 500
mg/day of naproxen was combined with 10 mg/day
of alendronate. The study concluded by suggesting
that bisphosphonates be used with caution in the
context of NSAID use. Future research is needed to
investigate the rate of upper GI adverse events when
bisphosphonates are used in combination with
celecoxib or diclofenac/misoprostol as these agents
are used on a more common basis.

Based on this brief summary of studies that eval-
uated the tolerability of alendronate, several conclu-
sions can be made. Alendronate has a better GI
adverse effect profile and improved compliance
when administered once weekly compared with dai-
ly administration. Finally, alendronate, when used in
combination with NSAIDs, has a synergistic effect
on rates of GI adverse events and thus this combina-
tion should be used with caution.

3. Risedronate in Contrast
to Alendronate

Studies covering the tolerability profile of
risedronate are summarised in table II.

Similar to alendronate, the primary precaution
with regards to implementing therapy with
risedronate is the consideration of GI toxicity.
Hooper et al.??! conducted a study to identify ad-
verse events in general and GI adverse events in
particular in their assessment of risedronate. With a
follow-up of 24 months, the prevalence of GI ad-
verse events was 16%, 21% and 19% in the placebo
and 2.5mg and 5mg daily risedronate groups, re-
spectively.[®?l When comparing these results to alen-
dronate as observed in the study by Greenspan et
al.l'% where the prevalence of GI adverse events was
approximately 30%, one might conclude that
risedronate is associated with fewer adverse events.
However, the studies have different structures and
inclusion and exclusion criteria, making a compari-
son between studies difficult to interpret.

Just as Bone et al.'¥ conducted a study of differ-
ent doses of alendronate, Brown et al.l' carried out a

© 2006 Adis Data Information BV. All rights reserved.

comprehensive study evaluating daily, weekly and
high-dose weekly risedronate. Their results showed
a similar prevalence of GI adverse events amongst
all three treatment groups. Despite the fact that there
was a high prevalence of NSAID and aspirin
(acetylsalicylic acid) use amongst the population
being evaluated, the rate of GI adverse events was
similar to previous studies with a 12-month follow-
up with severe or moderate events occurring only in
a third of the study population. A placebo arm was
most likely not used in this study, as the standard of
therapy at the time would be risedronate. It should
also be noted that an unforeseen adverse event ob-
served in this study population was arthralgia.

Upper GI adverse events are consistently de-
scribed as complications related to bisphosphonate
use. Adami et al.l”! examined the use of risedronate
in combination with NSAIDs and its association
with GI adverse events. Unlike the conclusion made
by Graham and Malaty™®! who suggested that cau-
tion be used when combining alendronate with an
NSAID, a similar conclusion was not reached with
risedronate. Doses of 5 mg/day, 15 mg/day and 35 or
50 mg/week were not found to be associated with an
increased rate of GI events even in individuals at
risk for these events, such as those patients using an
NSAID. This result was consistent across different
doses of risedronate. One weakness that Adami et
al.I point out is that the patients who participated in
their study primarily had osteoarthritis whereas
bisphosphonates are primarily used for osteo-
porosis. The differences between these two diseases,
osteoarthritis and osteoporosis, may confound these
results. 3%

There is a paucity of available data when compar-
ing the GI adverse effects associated with
risedronate compared with alendronate. Rosen et
al.’ evaluated both medications in a head-to-head
trial and found there to be no significant difference
in adverse events in general, upper GI adverse
events specifically or rates of discontinuation be-
tween these two drugs when using the standard
weekly dose. The only aspect of this trial that re-
mains undetermined is the presence of a placebo
arm for direct comparison of the incidence of ad-
verse events in both treatment groups. Since previ-
ous placebo-controlled risedronate trials have
shown no difference in rates of adverse events, one

Drug Safety 2006; 29 (12)



"PaAIBSaI SIUBU IV *Ag UOHOULIOHU| DIOC SIPY 9002 ©

(1) 62 9002 Aveyps Brug

Table II. The tolerability profile of oral risedronate (RIS)

Study (year) Study design

Sample size

Intervention

Outcomes

Other manifestations of
toxicity

Gl toxicity

(duration)
Adami et al. r, db, pc (2
(2005)291 years)
Boonen Pooled analysis

et al. (2004)%  of data r, db,

pc (3 years)

Brown r, db, ac

et al. (2002)"! (2 years)
Henderson r, db, pc

et al. (12 months)
(2006)B1

Hooper r, dm, pc, pg
etal. (24 months)
(2005)121

Leung et al. r, db, pc, mc
(2005)31 (12 months)

PLA: n =622; RIS: n =
628. 77% were regular
NSAID users

RIS: n = 704; PLA: n =
688; all >80 years of
age

RIS daily dose: n =
480; RIS weekly
moderate dose: n =
485; RIS weekly high
dose: n = 491

Population with Crohn’s
disease and ulcerative
colitis: RIS: n = 23;
PLA: n =25

PLA: n = 125; low-dose
RIS: n = 127,
moderate-dose RIS:

n =129

RIS:n=231; PLA:n =
34

RIS 5 mg/day; RIS
15mg daily; RIS 35 mg/
week or 50 mg/week

RIS 5 mg/day

RIS 5 mg/day; RIS 35

mg/week; RIS 50 mg/
week

RIS 5 mg/day

RIS 2.5 mg/day or 5
mg/day

RIS 5 mg/day

Upper Gl events

Cumulative incidence of
new vertebral fractures

BMD in the lumbar
spine and the femoral
neck

BMD

BMD; tolerability

BMD

Only Gl events were
discussed

Withdrew due to
adverse event PLA:
20.3%, RIS = 20.6%
(p = 0.947)

The individuals who
reported adverse
events were similar in
numbers between the
three groups. Most
common adverse
events were arthralgia
and constipation

Amongst the RIS and
PLA group there was
no significant difference
in rates of emesis,
arthralgia and flu-like
symptoms

Vertebral and non-
vertebral fractures were
monitored as adverse
events and there was
no significant difference
across groups

No serious adverse
events. Five patients
discontinued the study:
one due to stroke; two
migration; two Gl upset

The rate of upper Gl events
was not significantly different
among each of the treatment
groups. Secondly, the rate of
Gl events was not significantly
different amongst those with
pre-existing Gl disease

Any upper Gl event PLA 26.5%
vs RIS 28.8%; dyspepsia PLA
6.8% vs RIS 6.8%

The incidence of Gl events was
not significantly different among
the three groups. Moderate or
severe Gl events occurred in
the same level in all three
groups. 4.8%, 4.5% and 4.3%
in the 5mg, 35mg, and 50mg
group, respectively

Diarrhoea: n = 12 RIS; and

n =17 in the PLA group.
Abdominal pain: n = 2 RIS; and
n = 3 in the PLA group

Upper Gl events were reported
16% in the PLA group, 21% in
the RIS 2.5mg group and 19%
in the 5mg group. Majority of
upper Gl events were mild and
did not lead to discontinuation.
The incidence of Gl events in
individuals with pre-existing Gl
disease or NSAID use was
similar across groups

Two Gl upsets: one in the RIS
group and one in the PLA
group

Continued next page
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Risedronate has a consistent safety profile across
several dimensions. There is no evidence that age
has an effect on altering tolerability across different
dosages. Unlike alendronate, risedronate has not
demonstrated definite synergism with NSAIDs con-
tributing to GI toxicity. The evidence for the differ-
ent profiles of interaction with NSAIDs is not strong
and caution should be used when implementing
therapy with either of these two bisphosphonates in
an individual using an NSAID. Finally, after ac-
counting for underlying renal dysfunction,
risedronate does not appear to have any effect on
renal toxicity. Based on the evaluation of alen-
dronate, compliance with risedronate at once-week-
ly dosing is likely to be superior. One weakness in
the evaluation of these two bisphosphonates is that
extra-GI adverse events were not evaluated in detail
with the purpose of drawing comparisons between
different dosing regimens for both alendronate and
risedronate.

4. Oral Ibandronate in Contrast to
Alendronate and Risedronate

Studies covering the tolerability profile of oral
ibandronate are summarised in table III.
Ibandronate was developed in both an oral and
intravenous form making it unique when compared
with alendronate, risedronate and zoledronic acid.
Ibandronate is not only used in the treatment of
osteoporosis but it also plays a significant role in the
management of hypercalcaemia of malignancy sec-
ondary to metastatic bone disease. Both formula-
tions of ibandronate are well tolerated, have adverse
event profiles comparable with placebo and are as-
sociated with no significant renal toxicity.’!
McClung et al."81 conducted a study of daily oral
ibandronate with the objective of establishing an
optimal tolerable dose. Like alendronate and
risedronate, ibandronate did not have a significant
influence on adverse events across varying dosages
compared with placebo. Similar to risedronate, iban-
dronate did not cause a rise in serum creatinine
level, and liver enzyme levels were not affected by
the stepwise dose increments inherent to this study.
Studies evaluating ibandronate have examined its
intermittent treatment with wide dosing intervals for
the treatment of osteoporosis, such a unique attri-
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bute that is not available with alendronate or
risedronate. Intermittent treatment with ibandronate
has proven efficacy yet the tolerability may differ
from a daily dose schedule. Delmas et al.*¥! com-
pared tolerability between daily, intermittent and
placebo groups. Both treatment regimens were well
tolerated with a similar occurrence of adverse events
and neither was associated with increased GI ad-
verse events.¥ The adverse effects of the study
described by Delmas et al.*! are reported in detail
in the study by Chesnut et al.[*3! Although the levels
of any adverse event were high in all three groups
(approximately 90%), there were no statistically sig-
nificant differences in the rates of upper GI adverse
events. Although the rate of dyspepsia appeared
slightly higher in the ibandronate 2.5mg group
(11%) compared with placebo and intermittent iban-
dronate at 20mg (9% and 9%, respectively), differ-
ences between groups did not reach significance (p
> 0.08).3 A further subgroup analysis between
individuals with and without pre-existing GI disease
found no significant effect of both doses of iban-
dronate on rates of GI adverse events, results which
are comparable to those found with alendronate and
risedronate.!'843! Increasing the dosing interval to
weekly or monthly does not seem to change rates of
GI adverse events when comparing daily dosing for
alendronate, risedronate or ibandronate.!-18:431

It has been shown that monthly oral ibandronate
is well tolerated and has high efficacy in postme-
nopausal women treated for osteoporosis. Reginster
et al.;b!! drew this conclusion when they carried out a
double-blind, placebo-controlled phase I study
where oral ibandronate 50, 100 and 150mg was
given once a month for a total of 3 months. The
rationale for this study was to show good tolerability
and efficacy of this monthly treatment schedule and
to explore the potential for improving compliance
and adherence to therapy due to the lower frequency
of dosing.’!! The primary endpoints were adverse
events such as flu-like symptoms and abnormal lab-
oratory findings of both haematological and bio-
chemical nature. With regards to safety, there were
no significant differences in the occurrence of ad-
verse events between the three groups. No serious
adverse events or events causing death were evident.
The number of GI adverse events occurring within 3
days of administration was not significantly differ-
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Table lll. Tolerability profile of ibandronate (IBA)

Study (year) Study design

Outcomes

Other manifestations
of toxicity

Renal toxicity

(duration)
Body et al. r, db, pc
(2003)1401 (2 years)
Body et al. r, db, pc

(2004)41.421 (96 weeks)

Chesnut et al. r, db, pc, pg

(2004)1431 (3 years)

De Cock et al. Gilobal

(2005)1441 economic

modelling

study

IV IBA 6mg every 3—4

Oral IBA 2.5mg daily;
IBA intermittent (20mg

intermittent: n = every other day for 12

Oral IBA; ZOL; PAM

Skeletal-related

event

Skeletal-related

event

Vertebral

fractures

Healthcare cost
and quality-
adjusted life
year; skeletal-
related events;

bone pain

Two serious adverse
events related to
treatment: bone pain;

lung oedema

Hypocalcaemia IBA

9.4, PLA5.1%

Drug-related adverse
events: daily IBA
19.8%; intermittent
IBA 18.5%; PLA

17.9%

Discontinuation rates
due to adverse
events: oral IBA 2%;

PAM 2%; ZOL 4%

IBA 6mg 6%; PLA

12%

IBA 50mg 5.2%; PLA

4.7%

Renal events not

discussed

Renal events not

discussed

Not addressed as mode of

treatment is IV

Gl events were not assessed

Duodenal ulcer 0.9%, 0.1% and
0.1% in daily, intermittent and
PLA groups, respectively.
Dyspepsia was 9.1%, 11.4%

and 9.0%, respectively

Gl events not discussed

Continued next page
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Table Ill. Contd
Study (year) Study design ~ Sample size Intervention Outcomes Other manifestations Renal toxicity Gl toxicity
(duration) of toxicity
Delmas et al. r, db, pc IBA daily: n = Oral IBA daily 2.5mg; Biochemical Similar adverse Renal events not There was no increase in Gl
(2004)1451 (3 years) 224; IBA IBA intermittent 20mg  markers; events in the discussed events in the treatment group
intermittent: n = alternating days of 12  lumbar spine treatment and PLA as compared with PLA
229; PLA:n =  doses every 3 months and total hip groups
224 BMD; safety
Diel et al. r, db, pc IBA 2mg: IV IBA 2mg or Incidence of Flu-like symptoms: Renal events were Gl events were not discussed
(2004)181 (96 weeks) n = 154; IBA 6mg monthly adverse events; IBA 2mg 6.5%; 6mg not discussed
6mg: quality of life; 6.6%; PLA 1.9%.
n = 154; bone pain Arthralgias: 2mg
PLA: n = 158 13.1%; 6mg 11.2%;
PLA 7.6%
Felsenberg et r, db, pc IBA: Oral IBA 2.5mg daily ~ Vertebral Drug-related adverse  Renal events not Gl events not directly
al. (2005)471 (3 years) n = 977; fracture events were similar in  discussed addressed
PLA: the treatment and
n =975 PLA group. IBA

19.8%; PLA 17.9%

Continued next page
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Table Ill. Contd
Study (year) Study design ~ Sample size Intervention Outcomes Other manifestations Renal toxicity Gl toxicity
(duration) of toxicity

McClung et r,db, pc IBA 0.5mg: Oral IBA once daily at BMD Discontinuation was Renal function Dyspepsia 14, 16, 14 and 15
al. (2004)48! (24 months) n=162; staged dosing 9%, 5%, 5% and 7%  remained stable events in the PLA, IBA 0.5, 1

1mg: n = 166; in the PLA, IBA 0.5, 1 throughout the study  and 2.5mg groups, respectively

2.5mg: and 2.5mg

n = 163; groups, respectively

PLA: n = 162
Mancini op, pilot IBA:n =18 IV IBA 4mg daily Bone pain; One patient Renal events were No Gl effects were noted
et al. (6 weeks) for 4 days opioid experienced flu-like not noticed
(2004)41 consumption; symptoms; one

quality of life patient with a
transient increase in
bone pain

Miller et al. r, db, ni IBA daily: n = Oral IBA 2.5mg daily; BMD; Adverse events were  Renal events not Any upper Gl adverse event.
(2005)191 395; 50/50%: n  50mg/50mg monthly;  biochemical slightly higher in the discussed Daily: 18%; 50/50: 20.2%,;

= 396; monthly:  100mg monthly; markers monthly arms monthly: 21.7%; high dose

n = 396; 150mg monthly monthly: 19.6%

monthly high

dose: n = 396

a Single doses of 50mg on consecutive days monthly.

BMD = bone mineral density; db = double-blind; Gl = gastrointestinal; IV = intravenous; NA = not applicable; ni = noninferiority; op = open-label; PAM = pamidronate; pc =

placebo-controlled; pg = parellel-group; PLA = placebo; r = randomised; ZOL = zoledronic acid.
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ent among treatment groups and placebo. A slightly
higher occurrence of GI adverse events occurred in
the 100mg and 150mg arms during the entire study
duration, although the majority of these events were
mild.’! This study by Reginster et al.’!!is unique in
that dosing was compared at one maximal interval
rather than comparing across intervals, which is
seen commonly in alendronate and risedronate tri-
als. The results are also novel in that high doses of
ibandronate did not appear to elicit any more fre-
quent adverse GI adverse events in comparison to
lower doses at the same intermittent interval. This
leads us to believe that efficacy can be maximised
within the constraints of high levels of tolerability
evident at higher doses without causing more fre-
quent adverse events.

Felsenberg et al.*7! evaluated the effects of oral
ibandronate in the context of reducing vertebral
fractures in a placebo-controlled study where the
treatment group received ibandronate 2.5mg daily, a
study bringing us back to the standard basic compar-
ison evident in early trials of alendronate and
risedronate where daily dosing is compared with
placebo. The presence of any adverse event was
consistent with Chesnut et al.*3 at approximately
90% and was not significantly different between the
placebo arm and the treatment arm. The incidence of
GI adverse events was also comparable between the
two groups. Oral ibandronate has also been used for
the treatment of skeletal metastases. A trial conduct-
ed by Body et al.’?! investigated the use of iban-
dronate for the purposes of preventing bone pain and
improving quality of life in women affected by
breast cancer. Ibandronate was given as a daily dose
of 50mg with a contralateral placebo arm over 96
weeks. Adverse events occurred in both the iban-
dronate and placebo arms (26.6% and 17.7% of
patients, respectively, yielding a significant result),
the ibandronate group having more adverse events
as a result of a greater incidence of hypocalcaemia.

5. Intravenous Ibandronate

The infusion of ibandronate to treat hypocal-
caemia due to malignancy takes 1-4 hours and can
vary in dose based on clinical context.”] Adverse
effects may occur early after treatment but are sel-
dom, if ever, serious. An acute-phase reaction can

© 2006 Adis Data Information BV. All rights reserved.

occur with ibandronate and may manifest as flu-like
symptoms.3!

Intravenous bisphosphonates can also be used in
the context of postmenopausal osteoporosis. Stak-
kestad et al.P¥ conducted a study examining iban-
dronate at doses of 0.5mg, Img and 2mg given by
intravenous infusion every 3 months compared with
placebo. Results revealed that ibandronate was well
tolerated. Seventy-five percent of individuals in the
placebo group had at least one adverse event com-
pared with 82-84% in the treatment group. Myal-
gias also occurred with significantly increased fre-
quency in the treatment groups at 14%, 12% and
22% for the 0.5mg, 1.0mg and 2.0mg group, respec-
tively, compared with 7% in the placebo group.
Although myalgia is considered an adverse event, it
was self-limited and usually occurred only with the
first injection. Similar to the oral formulation of
ibandronate, renal toxicity was not evident with the
intravenous infusion. In comparison to alendronate,
risedronate and oral ibandronate, the tolerability
profile of intravenous ibandronate appears to be
good. Combined with its low frequency of adminis-
tration, this method of administration allows the
physician to monitor adherence.

Similar to the study by Stakkestad et al.,>* the
effects of intravenous ibandronate have been evalu-
ated by Thiebaud et al.’! across different dosing
profiles of 0.25mg, 0.5mg, 1mg, 2mg and placebo.
Adverse events were comparable across all dosing
regimens; however, the placebo group had signifi-
cantly fewer adverse events. With regards to GI
adverse events, similar findings were evident. The
most common causes of withdrawal were headache,
back pain, arthralgia and upper respiratory infec-
tions.[>!

With the advent of ibandronate in an intravenous
formulation, a concern of renal toxicity has devel-
oped. In a small study, Jacksonl” evaluated the
incidence of renal adverse events using 6mg intrave-
nous ibandronate over 1-2 hours every 3—4 weeks to
manage breast cancer metastatic to bone. Renal ad-
verse events occurred in 4% of study participants in
the ibandronate group and 4.5% in the placebo
group, with the differences between groups not be-
ing statistically significant. The possibility of renal
toxicity being dose dependent was tested by Manci-
ni et al.,*! who evaluated a 4mg dose of intravenous

Drug Safety 2006; 29 (12)
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ibandronate over 2 hours for 4 consecutive days.
Despite the relatively high doses in the study, no
significant events of renal toxicity or GI toxicity
were observed, although flu-like symptoms (fever,
myalgias and malaise) were evident in one patient
for approximately 48 hours.

The rapid infusion of ibandronate has been ex-
amined in several studies, which led to its final
formulation of 6mg intravenous infusion over 15
minutes.® However, initial studies investigated the
role of ibandronate for the treatment of metastatic
disease, beginning with a trial that successfully in-
fused 4mg over 1 hour every 4 weeks, with no
change in serum creatinine levels.!*®>°! In a further
analysis evaluating the presently used dosage of
ibandronate, there was no significant change in se-
rum creatinine levels.’%%0 Various doses were ap-
plied to monitor renal adverse effects and results
revealed they rarely occurred.

Intermittent dosing has been used to maximise
tolerability; however, the question remains as to
whether it is the chronicity of treatment or magni-
tude of dose that contributes to renal toxicity or
systemic toxicity in general.

6. Zoledronic Acid and a Contrast
with Ibandronate

Studies covering the tolerability profile of
zoledronic acid are summarised in table I'V.

Like ibandronate, the tolerability of zoledronic
acid has been evaluated for the purpose of treating
hypercalcaemia associated with malignancy.?! In
individuals with pre-existing risk factors for the
deterioration of renal function including aging, mul-
tiple myeloma, diabetes mellitus and hypertension,
zoledronic acid should be used with caution.70-72]

Zoledronic acid is a new generation, highly po-
tent, nitrogen-containing bisphosphonate.[’!! The
recommended treatment for hypercalcaemia with
zoledronic acid is 4mg intravenous infusion over
15-30 minutes every 3—4 weeks. Significant adverse
effects that have come to light include renal failure
and, more recently, osteonecrosis of the jaw.[”!

Renal toxicity associated with zoledronic acid
use has been evaluated in detail. A study by Munier
et al.[?! utilising the pharmacovigilance system cre-
ated in 1973, based on a network of 31 regional
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centres in France, attempted to identify cases of
renal toxicity in individuals with different types of
metastatic cancer during treatment. Four patients
were identified with de novo renal toxicity, two of
which resulted in fatalities. Three additional patients
experienced acute deterioration (one was not ac-
counted for in the final analysis) from a baseline of
chronic renal failure. After discontinuation of
zoledronic acid, three patients had complete recov-
ery whereas one only had partial recovery.[%?! Based
on the renal event outcomes in this study, regular
renal monitoring is recommended.

The rate of administration and dose plays an
important role in predicting a future renal adverse
event. In phase III trials, the 8mg infusion group had
to be decreased to 4mg infusion because of renal
impairment.’# Based on this study, the recommend-
ed infusion is 4mg intravenous infusion every 3—4
weeks.

In studies where zoledronic acid was compared
with placebo in patients with solid tumours other
than breast and prostate, the most commonly occur-
ring adverse events were bone pain, nausea, anaemia
and vomiting.[*®! Incidences of nausea, vomiting and
dyspnoea were significantly higher in the zoledronic
acid group versus placebo.[®*] Renal adverse events
were also evaluated in detail by examining the inci-
dence that each population reached creatinine levels
that were two times normal. There was no signifi-
cant difference in the treatment versus non-treat-
ment group (10.9% vs 6.7%).1%)

Zoledronic acid has also been evaluated in the
setting of treating bone-related metastases in breast
carcinoma, where it has been compared with
pamidronate.[® The most common adverse events
in both groups were bone pain, nausea, fatigue,
emesis and fever, although the incidence of the most
commonly reported adverse events was similar be-
tween groups. Comparing the osteolytic and non-
osteolytic subgroups, there was no significant differ-
ence in adverse events.[® The incidence of a
standardised increase in creatinine level (two times
baseline) was 7.7% in the zoledronic acid group
treated with 4mg and 6.0% in the pamidronate
group. A larger percentage of the zoledronic acid
group treated with 8mg (11.9%) had increased rates
of elevated creatinine leading to the recommenda-
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Table IV. Tolerability profile of intravenous (V) zoledronic acid (ZOL)

Study (year) Study design Sample size Intervention Outcomes Other manifestations of  Renal toxicity Gl toxicity
(duration) toxicity
Kohno et al. r, db, pc ZOL: n = 114; ZOL 4mg every Skeletal-related Nausea ZOL 4mg 50%; There was no evidence Emesis ZOL 4mg:
(2005)61 (1 year) PLA: n =114 4 weeks event PLA 53.1% of any renal events 32.5%; PLA: 38.9%
when treated with ZOL
Munier et al. cs Pharmacovigilance Z0L Renal adverse ~ Only outcome assessed Four patients with de Not addressed —
(2005)(621 (retrospective system — 7 cases event was renal adverse novo renal impairment;  unlikely considering
study drawing identified in cohort events three patients with modality of treatment
cases from a exacerbation of renal via IV
cohort) failure
Polascik et al. pr, sa, mc ZOL: n = 221 ZOL 4mg every BMD; skeletal-  Arthralgia 20.4%; Three patients had Not addressed
(2005)631 (1 year) 3 weeks related event nausea 14%; fatigue renal insufficiency
14%
Rosen et al. r, ac ZOL low dose: n = 378; ZOL: 4mg Skeletal-related Nausea: ZOL 4mg 4mg: 7.7%; 8mg: Emesis: ZOL 4mg 32%;
(2003)641 (12 months) high dose: n = 364; every 3 weeks; event 48%; 8mg 48%; PAM 11.9% 8mg 33%; PAM 31%
PAM: n = 388 8mg; PAM: 46%
90mg every 4
weeks
Rosen et al. r, pc (9 months) ZOL low dose: n = 254; ZOL: 4mg; 8mg Skeletal-related Nausea: ZOL 4mg Hazard ratio for 4mg Emesis: ZOL 4mg 36%;
(2003)[651 high dose: n = 265; every 3 weeks  event 46%; 8mg 40%; PLA group: 1.57; p = 0.228  8mg 31%; PLA 29%
PLA: n = 247 34%
Rosen et al. r, pc ZOL low dose: n = 257; ZOL: 4mg; 8mg Skeletal-related Nausea: ZOL 4mg Renal safety with 4mg  Emesis: ZOL 4mg
(20041681 (21 months) high dose: n = 266; every 3 weeks  event 48.8%; 8mg 42.3%; and 8mg was 37.8%; 8mg 33.2%;
PLA: n = 250 PLA 36.4% comparable to PLA PLA 30.4%
Saad (2005)7  r, pc ZOL low dose: n = 214; ZOL: 4mg; 8mg Skeletal-related Nausea: ZOL 4mg 4mg 1.5%; 8mg 2.1% Emesis: ZOL 4mg 20%;
(15 months) high dose: n = 218; every 3 weeks  event; renal 36%; PLA 37% PLA 21%
PLA: n = 208 adverse
Vogel et al. op, pr, mc ZOL stratified according ZOL 4mg every Quality of life; Nausea: 0-6 months of Renal event: myeloma  Not addressed
(2004)(681 (6 months) to: myeloma: n = 129;  3-4 weeks adverse events; treatment 17%; 6-24 7.8%; breast 6.2%,;
breast: n = 355; serum months 15%; >24 prostate 6.5%
prostate: n = 154 creatinine months 14.5%. Total
17%
Wardley et al. r, op, co ZOL infusion at ZOL 4mg every Brief pain Nausea in all patients Renal function was Emesis 17% in all
(2005)691 (9 months) baseline: 3 weeks inventory; 24% normal for a majority of  patients

in hospital: n = 45;
community: n = 56

adverse events

patients throughout the
study. Creatinine only
rose in 3%

ac = active comparator; BMD = bone mineral density; co = crossover; ¢s = case series; db = double-blind; me = multicentre; op = open-label; PAM = pamidroninc acid; pc =
placebo-controlled; PLA = placebo; pr = prospective; r = randomised; sa = single arm.
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tion that an 8mg dose of zoledronic acid is too
high.[64

Using zoledronic acid to treat osteoporosis, dos-
ing schedules that were implemented in a placebo-
controlled trial included 0.25mg, 0.5mg and lmg
given at 3-month intervals for 1 year. Another group
received 4mg once a year for 1 year and 2mg given
every 6 months for 1 year thereafter.”>! The most
common adverse events were myalgias (10-20%),
pyrexia (9-20%), arthralgias (8-25%), influenza-
like illness (2—16%) and nausea (5—13%), although
the incidence of myalgias and arthralgias was simi-
lar between zoledronic acid in comparison with
ibandronate.[>-76]

One of the more recent evaluations of zoledronic
acid involved its comparison with a standard of
therapy, in this case risedronate, for the treatment of
Paget’s disease.®! Although the number of adverse
events was similar in both groups, the zoledronic
acid group experienced almost twice the number
events of the risedronate group in the first 3 days.
These were primarily influenza-like symptoms that
are known to be associated with intravenous
bisphosphonates and ended, in most cases, within 4
days. Similar results have also been found with
intravenous infusions of ibandronate, where the oc-
currence of renal and GI events was similar in both
groups. Higher rates of hypocalcaemia were ob-
served in the zoledronic acid group compared with
the risedronate group, but only a quarter of these (2
of 8) were actually symptomatic.®

Kohno et al.['! found the administration of a 4mg
zoledronic acid infusion of 15 minutes every 4
weeks for 1 year to be well tolerated. The most
common adverse effects were pyrexia, nausea, fa-
tigue, nasopharyngitis, vomiting and bone pain as
well as increased evidence of myalgias or arthralgias
occurring in the acute setting of the administration
of zoledronic acid. These findings are consistent
with those that have been previously reported; both
zoledronic acid and intravenous ibandronate are
triggers for myalgias and arthralgias in the few days
following administration.

Zoledronic acid has also been administered at
high doses of 4mg infused over 15 minutes every 3
weeks over a 9-month period to treat breast cancer
patients with bone metastases.!® Unlike previous
trials, myalgias and arthralgias developed in a larger
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number of individuals, in this case 21%, although an
influenza-type illness associated with the infusion
surpassed myalgias and arthralgias in frequency.
Due to the high dosages and frequency of adminis-
tration in this study, one would expect higher inci-
dence of adverse events. However, despite the in-
creased frequency of dosing at every 3 weeks with
the study by Wardley et al.,[®*) comparison to the
study by Kohno at al.l®!! yielded no significant dif-
ferences.

7. Osteonecrosis of the Jaw

Another adverse effect of bisphosphonates in-
cludes osteonecrosis of the jaw, often after proce-
dures such as tooth extractions.”””8! Although the
pathophysiology of osteonecrosis of the jaw and its
relationship to bisphosphonates is not known, it has
been seen to primarily occur after several months of
intravenous infusions of zoledronic acid or
pamidronate. Recent statistics suggest that 217 pa-
tients treated with intravenous bisphosphonates
have been affected with osteonecrosis of the jaw.[”!
Wooltorton®! suggested that possible additional
risk factors include the use of corticosteroids, chem-
otherapy and radiation therapy. Comorbid condi-
tions such as poor dental hygiene, dental disease and
infection including osteomyelitis are also known
risk factors as are anaemia and coagulopathies.”!

Osteonecrosis of the jaw is rarely described in
patients treated with oral bisphosphonates, although
it has been reported in an osteoporotic individual
being treated with alendronate.!”®! More commonly,
osteonecrosis of the jaw is seen with zoledronic acid
in those with malignancy. For example, Durie et
al.l"?l revealed that osteonecrosis of the jaw occurred
in 10% of individuals treated with zoledronic acid
after 36 months and 4% of individuals treated with
pamidronate after 36 months. These results were
taken from an internet-based survey and thus con-
clusions should be interpreted with caution. The
effect of intravenous ibandronate has not been as-
sessed in the context of jaw osteonecrosis.

Ruggiero et al.'®% evaluated 63 cases of oste-
onecrosis of the jaw, all of whom had received
bisphosphonate. Thirty-one percent of the cases
were treated with zoledronic acid and 57% were
treated with pamidronate and the remaining 12%
was treated with oral alendronate. Individuals with
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breast cancer and multiple myeloma made up a
predominant component of the population account-
ing for 32% and 44% of the study group, respective-
ly. Osteoporosis accounted for 13% of the popula-
tion. This study supports the observation that oste-
onecrosis of the jaw is primarily associated with
high-dose intravenous bisphosphonates.'3"! Risk fac-
tors for osteonecrosis of the jaw must be considered
and balanced with the benefit for starting an individ-
ual on a bisphosphonate to treat either malignancy-
induced bone disease or osteoporosis.

In a separate study of 252 patients with a diagno-
sis of a solid tumour, osteonecrosis of the jaw was
found to be prevalent in 6.7% of patients being
treated with zoledronic acid, pamidronate and intra-
venous ibandronate.®! As expected, rates of oste-
onecrosis of the jaw increased with prolonged dura-
tion of therapy with the intravenous bisphosphonate.
Of those affected by osteonecrosis of the jaw, all had
undergone dental procedures in the preceding year.
The potential mode of action is that zoledronic acid
is thought to have antiangiogenic properties.3?!

8. Conclusion

Alendronate, risedronate, ibandronate and
zoledronic acid play distinctive roles in the manage-
ment of osteoporosis and malignancy-induced bone
disease. The adverse events associated with taking
oral alendronate and risedronate are minimal, mak-
ing their daily or weekly use tolerable and thus
acceptable. However, with intravenous zoledronic
acid tolerability may be compromised as a result of
renal toxicity — even if it occurs infrequently. Myal-
gias and arthralgias in the acute setting also appear
to play a significant role in defining the tolerability
of intravenous bisphosphonates. In response to indi-
viduals who are intolerant of intravenous
bisphosphonates, one can make the switch to oral
bisphosphonate if the clinical context of treatment is
maintained. In comparison to setting up and ad-
ministering an infusion site where a patient must be
present for a predefined period of time, oral treat-
ment may appear more tolerable. Even so, treatment
efficacy in specific indications and adherence to
therapy of intravenous ibandronate and zoledronic
acid make them valuable additions to our therapeu-
tic armamentarium. Validating this conclusion is the

© 2006 Adis Data Information BV. All rights reserved.

relative low levels of adverse events, despite being
potent antiresorptive agents.
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