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ABSTRACT

The amino-bisphosphonates are first-line therapy for the treatment of most patients with osteoporosis, with
proven efficacy to reduce fracture risk at the spine, hip, and other nonvertebral skeletal sites. Further,
bisphosphonates have been associated with a significant decrease in morbidity and increase in survival.
Following the use of bisphosphonates in millions of patients in clinical practice, some unexpected possible
adverse effects have been reported, including osteonecrosis of the jaw, atypical femur fractures, atrial fibrilla-
tion, and esophageal cancer. Because bisphosphonates are incorporated into the skeleton and continue to exert
an antiresorptive effect for a period of time after dosing is discontinued, the concept of a drug holiday has
emerged, whereby the risk of adverse effects might be decreased while the patient still benefits from antifracture
efficacy. Patients receiving bisphosphonates who are not at high risk for fracture are potential candidates for a
drug holiday, while for those with bone mineral density in the osteoporosis range or previous history of fragility
fracture, the benefits of continuing therapy probably far outweigh the risk of harm.
© 2013 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2013) 126, 13-20
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Amino-bisphosphonates decrease bone resorption by inhib-
iting osteoclast function1 and have proven antifracture effi-
acy in patients with osteoporosis.2 At least 4 million Amer-
can women were prescribed bisphosphonates to treat
steoporosis in 2008.3 In addition, many men with osteo-
orosis and patients receiving glucocorticoids are receiving
isphosphonate therapy. With such a large number of pa-
ients receiving bisphosphonate therapy for ever-longer du-
ations, there is an increasing chorus of questions about their
ong-term use.
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The majority of data about the fracture reduction efficacy
nd safety of bisphosphonates come from randomized, pla-
ebo-controlled phase III regulatory trials in postmeno-
ausal women,4-10 mostly 3 years in duration, with fewer

than 50,000 total subjects. Some trials were extended,11-13 2
with alendronate out to 10 years,12,14 but clinical trial data
for long-term use of bisphosphonates are scarce, with no
placebo-controlled data beyond 5 years.

This commentary weighs the known antifracture benefits
of bisphosphonate therapy with their potential risks and
provides guidance as to when a bisphosphonate drug holi-
day may be appropriate.

LONG-TERM RETENTION OF BISPHOSPHONATE
IN THE SKELETON
The effects of most therapies resolve soon after discontin-
uation. Bisphosphonates are unique in that they bind to
hydroxyapatite in bone and can remain there for years.

During remodeling, which is significantly decreased by bis-

mailto:mmcclung@orost.com
http://dx.doi.org/10.1016/j.amjmed.2012.06.023


a
c

p
fi
d
t
r
p
d
v
s
i
t

t
m
s
s
o

e fra

A
A

R
R

Z

A

14 The American Journal of Medicine, Vol 126, No 1, January 2013
phosphonate therapy, some bound bisphosphonate is re-
leased from bone; a portion binds again to bone and is
metabolically active. Skeletal binding affinity increases in
rank order through risedronate, ibandronate, alendronate,
and zoledronic acid.1 Bisphosphonates with higher affinity
re more quickly rebound, in-
reasing skeletal retention.

The long residence time for bis-
hosphonates has potential bene-
ts and risks. On the positive side,
iscontinuation of bisphosphonate
herapy is associated with an anti-
esorptive effect and antifracture
rotection that persists for an un-
efined period. However, if ad-
erse effects are associated with
keletal persistence of these drugs,
t might take a long time for these
o resolve.

ANTIFRACTURE AND
CLINICAL EFFICACY OF
BISPHOSPHONATES
Table 1 provides an overview of
the antifracture efficacy with bis-
phosphonates in pivotal, registra-
tion trials. Alendronate, rise-
dronate, and zoledronic acid decreased fracture risk at the
spine, nonvertebral sites, and the hip alone,2 whereas iban-
dronate reduced vertebral but not nonvertebral fractures.15

In general, the efficacy of bisphosphonates changes with the
patient’s primary risk profile—those with the highest frac-
ture risk tend to have the greatest absolute reduction in
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Table 1 Antifracture Benefits of Bisphosphonates for the Trea

Medication (Clinical Trial) Y

Absolute Fracture Risk
Reduction

Vert fx Non-vert fx H

lendronate (FIT I)4 3 7.1% 2.8% 1
lendronate (FIT II)5 3 1.7% 1.5% 0

Risedronate (VERT NA)6† 3 5.0% 3.2% 0
isedronate (VERT MN)7† 3 10.9% 5.1% 0
isedronate (HIP)8 3 NA 1.8% 1

Zoledronic acid (HORIZON PFT)9 3 7.6% 2.7% 1
oledronic acid (HORIZON RFT)10 3 NA 3.1% 1

Ibandronate (BONE)15† 3 4.9% �0.9% N
lendronate (Men)17 2 5.0% NA N

Risedronate (GIO)18 1 11.0% NA N

FIT � Fracture Intervention Trial; GIO � glucocorticoid induced ost
assessed; nonvert fx � nonvertebral fracture; VERT � Vertebral Efficacy w
follow-up.

*Widely ranging bone mineral density, age, and previous fracture statu
table provides a broad overview of the general benefits of the therapies in
populations studied for each therapy, please refer to the referenced pub
†Vertebral fracture incidence rate estimated from proportional hazards mode
fracture risk. Hip fracture incidence decreased between
1996 and 2007 in the US when bisphosphonate use was
widespread, supporting a possible benefit of bisphosphonate
therapy in reducing the risk of hip fracture.16

Bisphosphonates also are approved for the treatment of
men with osteoporosis and both
men and women receiving gluco-
corticoids, based on studies dem-
onstrating increases in bone min-
eral density. Only 2 sets of these
studies, one in men and another in
patients receiving glucocorticoids,
have demonstrated reductions in
vertebral fracture risk with 1 year
of therapy.17,18

The benefits of bisphosphonate
therapy extend beyond fracture risk
reduction and include a decrease in
morbidity, reduced health care
costs, and a significant increase in
survival.19-23 Oral and intravenous
bisphosphonate use for up to 3 years
was associated with a decrease in
mortality of up to 28% in patients
with recent low-trauma hip frac-
tures.10,24 Older men and women
treated with bisphosphonates over 5
years had an adjusted 27% reduc-

ion in risk of death compared with nonusers.21 In a recent
eta-analysis, the use of osteoporosis therapies, including bi-

phosphonates, for more than 1 year was associated with a
ignificant decrease in mortality in older patients at a high risk
f fracture.25
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of Postmenopausal Osteoporosis*

Relative Fracture Risk
Reduction

Number Needed to Treat to
Prevent One Fracture

Vert fx Non-vert fx Hip fx Vert fx Non-vert fx Hip fx

47.1% 18.9% 50.8% 14 36 90
44.3% 11.1% 20.7% 60 68 447
30.7% 38.1% 19.7% 20 31 276
37.6% 31.9% 18.2% 9 20 203

NA 16.1% 28.2% NA 56 91
70.0% 25.2% 44.0% 13 37 91

NA 29.0% 42.9% NA 32 67
62% �11% NA 20 NA NA
62% NA NA 9 NA NA
70% NA NA 9 NA NA

sis; HIP � Hip Intervention Program; hip fx � hip fracture; NA � not
dronate Therapy study; vert fx � vertebral fracture; Y � average years of

study populations make direct comparisons of therapies impossible. This
ective clinical trial population. For more information about the particular
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RISKS ASSOCIATED WITH BISPHOSPHONATE
THERAPY
The overall frequency of adverse events (any undesirable
medical occurrence associated with the use of a medical
product in a patient, irrespective of causality)26 or serious
dverse events (life-threatening, resulting in death, hospi-
alization, prolongation of hospitalization, significant dis-
bility, or birth defect) did not differ between groups re-
eiving bisphosphonates or placebo in pivotal clinical trials.
dverse events and serious adverse events that are attribut-

ble (ie, causally related) to the therapy (“side effects” in lay
erms) may be identified in placebo-controlled trials if they
re relatively common. Rare treatment-related complica-
ions may only come to attention after many thousands, if
ot millions, of patients are exposed to a drug in the “real
orld” clinical setting. Additionally, patients treated clini-

ally often have conditions (eg, comorbidities, other medi-
ations, advanced age, impaired renal function) that might
redispose them to undesirable medical occurrences not
een in healthier clinical trial subjects.27 While the overall

rates of serious adverse events reported in bisphosphonate
clinical trials were low, highly publicized postmarketing re-
ports have linked bisphosphonates to undesirable medical oc-
currences including osteonecrosis of the jaw, atypical femur
fracture, atrial fibrillation, and esophageal cancer.

OSTEONECROSIS OF THE JAW
Bisphosphonate-associated osteonecrosis of the jaw (ex-
posed bone in the maxillofacial region, with no healing
within 8 weeks in a patient with bisphosphonate exposure
and no history of craniofacial radiation therapy) is most
often observed (95% of cases) after invasive dental proce-
dures during oncology therapy, with high doses of intrave-
nous bisphosphonates delivered frequently to an immuno-
suppressed population.28 The incidence of osteonecrosis of
the jaw in patients receiving bisphosphonates for osteopo-
rosis or the healthy adult population is unknown. In chronic
users of oral bisphosphonate therapy for osteoporosis, esti-
mates of that risk range between 1 in 1000 and 1 in 263,000
patient-years, with minimal evidence for an association of
risk with duration of therapy.28-35 Poor oral hygiene, glu-
ocorticoid therapy, and chemotherapy may be risk factors.
his problem also occurs in patients unexposed to bispho-
phonates, and causality between this disorder and oral
isphosphonate use has not been established.

Due to lack of evidence, there is uncertainty about the
alue of withholding bisphosphonates before invasive den-
al surgery. The American Dental Association suggests that
the decision to discontinue therapy should be a medical
ecision based primarily upon the risk for skeletally related
vents (eg, fractures) secondary to low bone density, not the
otential risk of osteonecrosis of the jaw.”36 The use of

serum C-telopeptide of Type I collagen, a marker of bone
resorption, to assess the risk of jaw osteonecrosis in patients
on bisphosphonates has been recommended,37 but because

f the paucity of evidence supporting this approach, the use t
f serum C-telopeptide of Type I collagen is not endorsed
y the American Dental Association. In patients with os-
eoporosis, the benefit of bisphosphonates in reducing frac-
ure risk far outweighs the remote potential risk of osteo-
ecrosis of the jaw.

ATYPICAL FEMUR FRACTURES
A consensus document defined the major features of an
atypical femoral fracture (located in the subtrochanteric
region and femoral shaft, transverse or short oblique orien-
tation, occurring spontaneously or after minimal trauma,
possessing a medial spike, absence of comminution), dis-
tinguishing these fractures from the more common ”typical”
femoral shaft fracture that is a complication of osteoporo-
sis.38 Glucocorticoids and proton-pump inhibitor therapy
ave been identified as risk factors for atypical fractures in
ome,39 but not all,40,41 studies. Atypical femoral fractures
lso occur in bisphosphonate-naïve patients.41-46 Sparse in-

formation is available about the incidence of atypical fem-
oral fractures in patients with and without bisphosphonate
treatment. Estimates of risk are inconsistent, but the risk
appears to rise with increased duration of bisphosphonate
exposure.40,46,47 A retrospective analysis of �15,000 fem-
oral fractures in an American population identified 142
patients with radiographically confirmed fractures with
atypical features, 128 of whom had taken a bisphosphonate
for an average of 5.5 years.47 Risk increased from 1.78
atypical femoral fractures per 100,000 patient/years treated
for 2 years to 113.1 such fractures per 100,000 patient/years
with treatment for 8-10 years. In a Swedish national popu-
lation survey of �12,000 femur fractures (including about
11,000 hip fractures), 59 radiographically confirmed atypi-
cal femoral fractures occurred, of which 78% were in pa-
tients with a history of bisphosphonate use.40 The difference
in atypical femoral fracture risk between patients who did or
did not take bisphosphonates was 1.8 atypical fractures per
10,000 patients/year for up to 2 years of treatment and
8.4/10,000 patients/year with use of more than 2 years. The
risk diminished substantially and rapidly after bisphospho-
nate discontinuation.

These results suggest that the absolute risk of atypical
fracture associated with bisphosphonate use even beyond 5
years is small for the individual osteoporosis patient at high
risk of fractures, compared with the beneficial effects of
treatment. Consistent with this was an analysis of 90 million
hospital discharge records (1996-2007), which suggested
that for every subtrochanteric fracture (typical and atypical)
associated with bisphosphonate use, 100 hip fractures were
prevented, in addition to prevention of other fractures.16

ATRIAL FIBRILLATION
An increased incidence of atrial fibrillation as a serious
adverse event was reported in the pivotal phase III trial of
annual intravenous zoledronic acid (1.3% in the treated
group, 0.5% in the placebo group; P �.001),9 although

here were no differences between groups in total cases of
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atrial fibrillation or other cardiovascular events. While car-
diac abnormalities could be the result of a transient decrease
in serum calcium, the serious adverse events were not clus-
tered at the beginning of the therapy or at the time of the
annual doses. In analyses of other large clinical trials
(mostly post hoc), there were no associations between atrial
fibrillation and bisphosphonate treatment.10,48-50 After a re-
iew of these data, the US Food and Drug Administration
oncluded that concerns about atrial fibrillation need not be
onsidered in decisions about therapy for osteoporosis.51

ESOPHAGEAL CANCER
Several cases of esophageal cancer occurring in patients
with a history of oral bisphosphonate use have been re-
ported.52 While one large case-control analysis reported a
significant increase in the incidence of esophageal cancer
with long-term oral bisphosphonate use,53 other reports
found no significant increases.54-56 The US Food and Drug
Administration has determined that, at this time, there is not
enough information to make definitive conclusions about a
possible association between oral bisphosphonates and
esophageal cancer.57

OTHER RISKS AND CONCERNS

Gastrointestinal Intolerance
Although not observed in clinical trials, gastrointestinal
intolerance, esophageal irritation, or erosion have been re-
ported with oral bisphosphonate use, especially if taken
incorrectly.6-8,58-63 Isolated cases of serious esophageal
omplications or upper gastrointestinal hemorrhage have
ccurred.64 Oral bisphosphonates are contraindicated in pa-

tients with impaired swallowing.

Impairment of Renal Function
Bisphosphonates can be nephrotoxic when high doses are
administered rapidly.65,66 Impaired renal function has not
been observed in clinical trials when bisphosphonates are
used according to prescribing instructions in well-hydrated
patients, but postmarketing cases of renal failure after in-
travenous zoledronic acid have been reported. Bisphospho-
nate therapy is not recommended or is contraindicated in
patients with significantly impaired renal function.67

Flu-like Symptoms
Acute phase reactions with transient, mild to moderate in-
fluenza-like symptoms occur with monthly oral68,69 or in-
travenous bisphosphonate therapy.9,10,70,71

Hypocalcemia
By inhibiting bone resorption, bisphosphonates reduce cal-
cium efflux from bone, resulting in a small, transient de-
crease in serum calcium.72,73 Risk factors for symptomatic
ypocalcemia include vitamin D deficiency, hypoparathy-

oidism, and impaired renal function. f
Impaired Fracture Healing
To date, there is no clinical evidence that bisphosphonate
therapy impairs fracture healing.

Inflammatory Eye Disorders
Very rare cases of inflammatory eye disorders have been
described with oral and intravenous bisphosphonate
use.74,75

BISPHOSPHONATE “DRUG HOLIDAY”
It is unusual to contemplate a drug holiday in the treatment
of most chronic diseases because with most therapies, ben-
eficial drug effects rapidly diminish with discontinuation.
However, the long skeletal residence time of bisphospho-
nates and concern about the risks of rare adverse events with
long-term therapy raise the possibility that bisphosphonate
therapy may be interrupted for a “drug holiday,” during
which antifracture benefit might persist for a period of time
while potential risks are minimized.76 Intuitively, upon bis-
phosphonate discontinuation, both the potential benefit and
risks of the residual bisphosphonate effect would decrease
over time as the drug is gradually removed from the
skeleton.

In assessing the potential utility of a drug holiday, it
would be ideal to have clinical trial data comparing fracture
risk between patients who continue or stop therapy; unfor-
tunately, only 3 prospective studies have addressed this
issue.12,77,78 In patients treated with annual zoledronic acid
or 3 years, treatment for 3 additional years resulted in a
2% lower risk of morphometric vertebral fracture, com-
ared with treatment for 3 years followed by placebo for the
ext 3 years (fracture rates 3.0% vs 6.2%, respectively).77

The risks of other fractures—including clinical or symp-
tomatic vertebral fractures—did not differ between groups.
The Fracture Intervention Trial Long-term Extension trial
randomized patients completing 5 years of alendronate ther-
apy to 5 additional years of alendronate or placebo.12 Al-
though the subject number was small, those continuing
alendronate for 10 years had fewer clinical vertebral frac-
tures than the subjects receiving the drug for only 5 years
(5.3% vs 2.4%, respectively). There was no difference be-
tween groups for morphometric vertebral or nonvertebral
fractures. A post hoc analysis of the Fracture Intervention
Trial Long-term Extension trial patients at high risk (T-
score of ��2.5, but without prevalent vertebral fracture) at
the time of discontinuation demonstrated an increased risk
for all clinical fractures associated with a discontinuation
compared with remaining on alendronate therapy.79 In a
mall study of patients given risedronate or placebo for 3
ears who were then followed for an additional year after
iscontinuation, morphometric vertebral fracture incidence
emained 46% lower in the former risedronate group, as
ompared with the former placebo group (6.5% vs 11.6%,
espectively).78 However, there was no group of patients
ontinuing on risedronate, so it was not possible to compare

racture risk of discontinuing therapy with continuing ther-
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17McClung et al Bisphosphonate Risks and Drug Holidays
apy. There is no information about fracture risk upon dis-
continuing ibandronate therapy. Increased risk of fracture
upon discontinuing bisphosphonates compared with con-
tinuing therapy also has been observed in analyses of large
health care databases.80,81

It would be helpful to have clinical trials comparing rates
of adverse and serious adverse experiences in subjects ran-
domized to continuing or discontinuing bisphosphonate
therapy. Logically, if rare undesirable medical occurrences
are causally related to bisphosphonate use, the risk should
diminish over time as the bisphosphonate is eliminated from
bone. However, apart from the Swedish data suggesting that
the risk of atypical femoral fractures decreases following
discontinuation of oral bisphosphonate,40 there are no data
o answer this question.

These data suggest that, after bisphosphonate exposure
f 3-5 years in postmenopausal women with osteoporosis,
rotection from fractures persists for an unknown interval of
ime when therapy is withdrawn, that this protection wanes
ithin 3-5 years of discontinuation, and that the risk of atypical

emoral fractures increases with duration of therapy, but may
ecrease upon withdrawal of treatment. There are currently no
ata about the effects of withdrawing therapy in men or pa-
ients receiving glucocorticoids. While there is little reason to
hink that the response to withdrawing treatment would
iffer between men and postmenopausal women, it is un-
ertain what the bone mineral density or fracture response to
topping therapy would be in glucocorticoid-induced
steoporosis.

There are limited data to guide decision-making about
he initiation and termination of “drug holidays.” Treatment
ecisions should be individualized according to a consider-
tion of all available clinical information. In the absence of
lear evidence, any recommendations for initiating a drug
oliday or how then to monitor patients can only be “expert
pinion.”

Our recommendations for considering a drug holiday are

Table 2 Recommendations for Drug Holiday from Bisphosphon

Patient Category Recommendation

High-risk:
T-score still ��2.5 at the hip,
previous fracture of the hip or spine
or ongoing high-dose glucocorticoid
therapy.

Drug holiday not

Moderate risk:
Hip bone mineral density value is
now ��2.5 (T-score), and no prior
hip or spine fracture.

Consider drug ho
alendronate, r
zoledronic aci

No information a
drug holidays.

Low risk:
Did not meet current treatment
criteria at the time of treatment
initiation.

Discontinue ther
resented in Table 2. The decision to stop or to continue m
herapy must be individualized based upon an assessment of
he patient’s current fracture risk. These recommendations
re in accord with the proposals made by the US Food and
rug Administration about the duration of bisphosphonate

herapy that became available after our paper was submitted
or publication.82 A drug holiday should be viewed as a
emporary, not permanent, suspension of active therapy. It
hould be remembered that discontinuing a bisphosphonate
ay not necessarily be a “holiday” from treatment, because

ersistence of the antiresorptive effect is expected for an
ndefined period of time.

MONITORING A DRUG HOLIDAY
There are no data providing information on how to monitor
patients or when to restart therapy after a holiday. In trials
with women who had previously been provided alendronate
or zoledronic acid, women were followed for 5 and 3 years,
respectively, after discontinuation of therapy, during which
vertebral fracture risk increased in those who stopped the
drug.12,77 In the absence of guidance from clinical trials,
empiric approaches are necessary. Although the approach
has not been studied, bone mineral density and biochemical
markers of bone turnover measured 2-3 years after discon-
tinuation may provide information about the persistence of
the effect of the retained bisphosphonate. A significant
decrease in bone density or a significant increase in bone
turnover marker suggests that the benefits of bisphospho-
nate therapy may be diminishing and that it may be time to
return to active therapy.83 Another untested approach is to
eevaluate the patient 2-3 years after discontinuation, mak-
ng the decisions to restart therapy based on an updated
ssessment of fracture risk using algorithms initially devel-
ped for untreated individuals. For example, if the patient
as a T-score ��2.5, or if the patient has a T-score between
1.0 and �2.5 and a World Health Organization’s Fracture
isk Assessment estimate of fracture risk that meets treat-

Comment

ed. Re-assess the need for therapy at
regular intervals.

fter 3-5 years of
ate, or
py.
bandronate and

These patients should not be forced to
take a drug holiday—decision
should be an individual, informed
choice with discussion of the
potential benefits and risks.

Re-start when indications for therapy
are met.
ates

justifi

liday a
isedron
d thera
bout i

apy
ent guidelines, consider reinitiating therapy. If, at any



f
y
w
p

g
p
o
t
p
o

p
W
t
t
i
o
o
t

18 The American Journal of Medicine, Vol 126, No 1, January 2013
time during the drug holiday there is a fracture, restarting
therapy (not necessarily a bisphosphonate) is advised. More
research is needed about the role of serial bone density
testing and bone turnover markers in monitoring fracture
risk after therapy cessation, as well as the optimal therapies
to use following a drug holiday.

WEIGHING THE BENEFITS AND THE RISKS
When all of the evidence is considered, the antifracture
benefit provided by the amino-bisphosphonates far out-
weighs the potential risks of therapy in most patients at high
risk of fracture. Depending on the severity of osteoporosis,
between 9 and 60 patients need to be treated for 3 years to
prevent one vertebral fracture (Table 1); between 20 and 68
patients need to be treated for 3 years to avoid one nonver-
tebral fracture. Even discounting the increased risk of frac-
ture with advancing age, the number needed to treat for 8
years would be between 3 and 23 to prevent a vertebral
fracture, and between 7 and 26 for nonvertebral fracture.
Based on the range of risk estimates for osteonecrosis of the
jaw, one case would occur for every 1000 to 100,000 pa-
tients treated. Using the data from California,47 one atypical
emoral fracture would occur in 1282 patients treated for 8
ears. Based on the Swedish data,40 8 years of therapy
ould result in one atypical femoral fracture for every 149
atients treated (8.4 cases/10,000 patient-years).

These estimates of benefits and risks come from studies
enerally involving healthy older Caucasian postmeno-
ausal women with osteoporosis and may not pertain to
ther patients including younger women, other races, pa-
ients at low fracture risk, and those with other medical
roblems or who take medications such as glucocorticoids
r chemotherapy.

Careful attention must be taken to ensure that patients
rescribed bisphosphonate therapy are likely to benefit. The
orld Health Organization’s Fracture Risk Assessment

ool84 and similar Canadian Association of Radiology–Os-
eoporosis Canada Fracture Assessment tool85 can help
dentify those patients at moderate-to-high risk for whom
steoporosis treatment is appropriate. In patients at low risk
f fracture, the balance between benefit and risk makes
reatment less attractive.
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