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Context: Bisphosphonates have been widely used in the treatment of osteoporosis. Uncommon
side effects have emerged in postapproval use. Because bisphosphonates accumulate in bone and
are released for months or years after treatment is stopped, it is reasonable to consider the clinical
question of how long to treat.

Objective: In this personal perspective, we review the pharmacology and mechanism of action of
bisphosphonates and the clinical studies that support their efficacy. We then review the literature
for longer-term studies and reports of possible side effects that were not seen in clinical trials.

Results: Bisphosphonates have demonstrated antifracture efficacy in randomized, placebo-con-
trolled trials of 3 and 4 yr duration and have been widely used since the initial release of alen-
dronate in 1995. For zoledronic acid and risedronate, an early effect (fractures reduced within 6–12
months of starting therapy) has been shown. A sustained effect for risedronate has been shown
through 5 yr and suggested through 7 yr. Ten-year data with alendronate and 8 yr data with
risedronate indicated good tolerability and safety; it is unlikely that longer-term studies will be
done. Side effects that emerged in clinical trials include esophageal irritation with oral adminis-
tration and acute phase response with iv treatment or high-dose oral therapy. Uncommon side
effects that have been noted with wide clinical use include osteonecrosis of the jaw, musculoskel-
etal complaints, and atypical fractures. The numbers of events are small, and a clear cause-and-
effect relationship between these events and bisphosphonate treatment has not been established.
Because bisphosphonates accumulate in bone, they create a reservoir leading to continued release
from bone for months or years after treatment is stopped. Studies with risedronate and alendro-
nate suggest that if treatment is stopped after 3–5 yr, there is persisting antifracture efficacy, at
least for 1–2 yr.

Conclusions: Bisphosphonates are popular and effective for treatment of osteoporosis. Because
they accumulate in bone and provide some residual antifracture reduction when treatment is
stopped, we recommend a drug holiday after 5–10 yr of bisphosphonate treatment. The duration
of treatment and length of the holiday are based on fracture risk and pharmacokinetics of the
bisphosphonate used. Patients at mild risk might stop treatment after 5 yr and remain off as long
as bone mineral density is stable and no fractures occur. Higher risk patients should be treated for
10 yr, have a holiday of no more than a year or two, and perhaps be on a nonbisphosphonate
treatment during that time. (J Clin Endocrinol Metab 95: 1555–1565, 2010)

Bisphosphonates are made up of two phosphonic acids
joined to a carbon plus two side chains designated R1

and R2 (Fig. 1) (1). They were discovered in the mid-1800s
and to this day have wide commercial use as antiscaling

agents because of their physical-chemical property of com-
plexing with divalent cations (e.g. calcium, magnesium,
etc.). The P-C-P structure acts as a bone hook that causes
these compounds to bind avidly to hydroxyapatite crystals
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on bone surfaces, particularly at sites of active bone re-
modeling. Because of their affinity for bone, bisphospho-
nates are used for nuclear bone scintigraphy. In the late
1960s, they began to be used for treatment of metabolic
bone diseases including heterotopic ossification, fibrous
dysplasia, osteogenesis imperfecta, Paget’s disease of
bone, hypercalcemia due to a variety of causes, bone loss
due to a variety of causes, destructive arthropathy, and
skeletal involvement with metastatic cancer or multiple
myeloma.

Pharmacology, pharmacokinetics, and mechanism
of action

Binding affinity and antiresorptive potency differ among
the compounds. Although complex mechanisms are in-
volved (2), the side chains (Fig. 1) influence the binding
affinity (R1 side chain) and the antiresorptive potency (R2

side chain). Modification of these side chains allows for a
variety of agents (Table 1).

Bisphosphonates can be given iv or taken by mouth.
When taken orally, they must be taken after a prolonged
fast (usually first thing in the morning), with water only,
followed by 30–60 min with nothing else by mouth to
allow for adequate absorption. Under ideal conditions,
less than 1% of an orally administered dose is absorbed;
taking a bisphosphonate with food or anything containing

divalent cations will completely block its absorption.
There is no systemic metabolism. The half-life in plasma is
short. Fifty percent of the absorbed dose binds to bone
surfaces, mostly avidly at sites of active remodeling. The
skeletal capacity is large and the binding sites are virtually
unsaturable. The 50% or so that does not bind to bone is
excreted rapidly by the kidneys.

In the environment of acid and enzymes beneath an
active osteoclast, bisphosphonates are released from bone,
entering the osteoclast and causing loss of resorptive func-
tion and accelerating apoptosis. There may be some effect
of bisphosphonates on osteocytes as well.

The four bisphosphonates in common clinical use all
contain one or more nitrogen molecules in the R2 side
chain. They differ in the strength of binding to bone. The
rank order for binding affinity is zoledronate greater than
alendronate greater than ibandronate greater than risedr-
onate. Higher-affinity bisphosphonates will bind avidly to
the bone surface but will spread through bone more slowly
and have less access to the osteocytes network. Lower-
affinity agents with be distributed more widely through
the bone and also have a shorter residence time in bone if
treatment is stopped (2). Clinically this could explain dif-
ferences in speed of onset of antifracture effect and
whether there is an effect on fractures at nonvertebral sites.

Bisphosphonates reduce osteoclastic bone resorption.
The net result is a rapid and substantial decrease in bone
turnover markers that is dose and compound dependent,
with a maximum effect in 3–6 months that, with contin-
ued treatment, is maintained in a new steady state for 10
yr (3, 4) and perhaps longer. Treatment with bisphospho-
nates also results in a modest increase in bone mineral
density (BMD). Non-nitrogen-containing bisphospho-
nates (e.g. etidronate, clodronate; see Table 1) inhibit os-
teoclastic activity by producing toxic analogs of ATP that
cause cell death (5). Nitrogen-containing bisphospho-
nates (e.g. alendronate, risedronate, ibandronate, and
zoledronate; see Table 1) inhibit an enzyme called farnesyl
pyrophosphate synthase, an enzyme in the 3-hydroxy-3-
methylglutaryl coenzyme A reductase pathway (2, 6). In-
hibition of this enzyme interferes with a process called
prenylation: preventing the addition of 15- and 20-carbon
side chains that anchor GTP-binding proteins to the os-
teoclast cell membrane; this leads to reduced resorptive
activity of osteoclasts and accelerated apoptosis (pro-
grammed cell death). The rank order of potency for
inhibiting farnesyl pyrophosphate synthase is zoledr-
onate � risedronate �� ibandronate � alendronate,
with the more potent heterocyclic bisphosphonates
(zoledronate and risedronate) having a more optimal fit
than the compounds with an alkyl side chain (alendro-
nate and ibandronate).

FIG. 1. Structure of pyrophosphate and geminal bisphosphonates.
[Reproduced with permission from N. B. Watts: The osteoporotic
syndrome, 4th ed. (edited by L. Avioli), Academic Press, San Diego,
2000, p 121–132 (1).]

TABLE 1. Structures of some of the bisphosphonates in
clinical use

R1 R2

Non-nitrogen-containing compounds
Etidronate OH CH3

Clodronate Cl Cl
Tiludronate H SC6H3Cl

Nitrogen-containing compounds
Pamidronate OH CH2CH2NH2

Alendronate OH CH2CH2CH2NH2

Risedronate OH CH2-3-pyridinyl
Zoledronate OH CH2C3N2H3

Used with permission from N. B. Watts.
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Each bisphosphonate has a unique profile of binding
affinity and antiresorptive potency that likely results in
clinically meaningful differences in the speed of onset and
offset of effect, the degree of reduction of bone turnover,
uptake in cortical vs. trabecular bone and types of anti-
fracture effect (vertebral vs. nonvertebral).

Clinical trials and experience with
bisphosphonates

Bisphosphonates have proven efficacy for prevention
of bone loss due to aging, estrogen deficiency, and glu-
cocorticoid use and prevention of fractures in women with
postmenopausal osteoporosis and women and men with
glucocorticoid-induced osteoporosis. Etidronate was the
first bisphosphonate approved in the United States (1977),
followed by pamidronate (1991), but these drugs were
never approved in the United States for use in osteoporo-
sis. Alendronate was the first bisphosphonate approved in
the United States for treatment of osteoporosis (1995),
followed by risedronate (approved for Paget’s disease in
1998 and for use in osteoporosis in 2000), zoledronic acid
(approved for skeletal complications of malignancy in
2001 and for use in osteoporosis in 2007), and ibandr-
onate (approved in 2005 for use in osteoporosis). Table 2
summarizes the placebo-controlled trials of nitrogen-con-
taining bisphosphonates that show antifracture efficacy.
Of all the agents approved in the United States for use in
osteoporosis, only three bisphosphonates, alendronate,
risedronate, and zoledronate, have evidence for reducing
the risk of hip fractures. These same three agents have also
been shown to reduce the risk of nonvertebral fractures as
a composite end point (teriparatide, a PTH peptide that is
not a bisphosphonate, also has evidence for reducing the
risk of nonvertebral fractures). It is this broad-spectrum

antifracture efficacy that has established bisphosphonates
as the agents of choice for most patients with osteoporosis.
Table 3 shows the current indications for these agents and
Table 4 shows the available dosing forms.

Side effects and safety issues
Orally administered bisphosphonates may irritate the

esophagus and should not be used by patients who cannot
remain upright, who have active upper gastrointestinal
symptoms, or have delayed esophageal emptying (e.g.
strictures, achalasia, or severe dysmotility). Up to a third
of patients receiving their first iv dose or monthly oral dose
of nitrogen-containing bisphosphonate experience acute-
phase reactions (fever, myalgias, lymphopenia, etc.) (7–9),
but these rarely recur with repeated administration. Hy-
pocalcemiamayoccurbut isusuallymildandnot clinically
recognized (10). Iritis has been described with bisphos-
phonates (more with iv than oral) but is a rare occurrence.

The only route of elimination for bisphosphonates is
renal excretion, but little information is available on dos-
ing in patients who have impaired renal function. Renal
toxicity may occur with rapid iv administration. Use is not
recommended for patients with creatinine clearance less
than 30–35 ml/min but may be safe under certain circum-
stances (11, 12). With rapid parenteral administration of
bisphosphonates, hypocalcemia may occur; however, it is
infrequent and usually mild. Disturbances of mineral me-
tabolism should be corrected before initiating bisphos-
phonate therapy.

Since their approval and widespread use, a number of
potential side effects have been identified but with no
clear cause-and-effect relationship. Likewise, there are
no data linking these potential side effects to the dura-
tion of treatment.

TABLE 2. Placebo-controlled studies with bisphosphonates that show antifracture efficacy

Bisphosphonate Vertebral fractures Hip fracture Nonvertebral fracture
Alendronate Black et al. (85) Black et al. (85) Black et al. (90)

Cummings et al. (86) Pols et al. (91)
Risedronate Harris et al. (92) McClung et al. (88) Harris et al. (92)

Reginster et al. (87) McClung et al. (88)
Ibandronate Chesnut et al. (93) No effect demonstrated (93)
Zoledronate Black et al. (29) Black et al. (29) Black et al. (29)

TABLE 3. FDA-approved indications for nitrogen-containing bisphosphonates

Postmenopausal
osteoporosis

Glucocorticoid-induced
osteoporosis

MenDrug Prevention Treatment Prevention Treatment
Alendronate (Fosamax) � � � �
Risedronate (Actonel) � � � � �
Ibandronate (Boniva) � �
Zoledronate (Reclast) � � � � �
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Osteonecrosis of the jaw (ONJ)
The first report linking bisphosphonate use and an ap-

parently new condition called ONJ appeared in 2003 (13).
All 36 patients in this series were being treated with high
doses of iv bisphosphonates (�10 times higher than the
doses used to treat osteoporosis) for skeletal complica-
tions of malignancy. Subsequent reports (14, 15) included
patients receiving lower doses of bisphosphonates for
treatment of osteoporosis, but well over 90% of reported
cases have been in cancer patients. This subject was ex-
tensively addressed by a task force of the American Society
for Bone and Mineral Research (16).

This condition received considerable public exposure
in the New York Times (17) as well as other high-level
publications (18) and broadcasts on radio (19). This led to
misconceptions among medical and dental professionals
as well as the public regarding the frequency and serious-
ness of this condition as well as decisions of patients to
stop bisphosphonate treatment, although they were at
high risk of fracture and low risk of ONJ.

ONJ is defined as exposed necrotic bone in the maxil-
lofacial region, not healing after 6–8 wk, in patients with
no history of craniofacial radiation (16). It appears as ar-
eas of exposed yellow or white hard bone with smooth or
ragged borders. It often follows a dental extraction or
other invasive dental procedures or occurs in patients with
poorly fitting dentures or bony exostoses. Possible signs
and symptoms include pain, swelling, paresthesias, sup-
puration, soft tissue ulceration, intra- or extraoral sinus
tracks, and loosening of teeth (15). ONJ may or may not be
painful and may or may not be progressive. Many lesions do
not heal or heal slowly, but healing has been reported (20).
It has also been seen in subjects not using bisphosphonates,
but the background incidence is not known.

ONJ was not identified prospectively in any of the clin-
ical trials that included more than 60,000 patient-years
in studies for osteoporosis or Paget’s disease (21). In the
HORIZON trial with iv zoledronate for osteoporosis,
retrospective review identified two cases of ONJ: one in
the treatment group and one in the placebo group (22).

It is estimated that there have been more than 190 mil-
lion prescriptions in the United States for oral alendronate,
risedronate, and ibandronate and more than 6 million pa-
tients treated with iv bisphosphonates for cancer world-

wide (1.9 million with pamidronate, 1.2 million with
zoledronate, and 3.1 million with both) (23). Epidemio-
logical data suggest an incidence of ONJ in oral bisphos-
phonate users ranging from 1:10,000 (from Australia and
Israel) to 1:250,000 (from Germany) to 1:160,000 world-
wide. These figures are rough approximations because of
difficulties in case finding (not all cases of ONJ are re-
ported and not all cases reported are really ONJ) and in
knowing the number of patients at risk.

A causal link between bisphosphonate use and ONJ has
not been established but seems likely. The small number of
cases makes it difficult to sort out mechanisms. Possibil-
ities include oversuppression of bone turnover (failure of
osteoclasts to remove diseased necrotic bone), imbalance
between osteoblasts and osteoclasts leading to overly
dense bone (osteopetrosis), inhibition of T cell function,
inhibition of angiogenesis, bony overgrowth blocking
flow through the sublingual artery or vascular canals, and
death of the mucous membrane overlying the bone due to
accumulation of bisphosphonate in the bone of the jaw.

There is some evidence that bisphosphonates may be
beneficial in treating avascular necrosis involving the ends
of long bones (24, 25) and also may be helpful for pre-
serving alveolar bone in the jaw in patients who have peri-
odontal disease (26, 27).

Guidelines for dentists and oral surgeons have been
published by the American Dental Association and Amer-
ican Association of Oral and Maxillofacial Surgeons (28).
The American Society for Bone and Mineral Research
Task Force performed a comprehensive review (16). Use-
ful information for patients is available on the web site of
the American Dental Association (www.ada.org). Patients
who are starting or taking bisphosphonates should be in-
formed that there are risks of treatment, including a low
risk of ONJ. Regular dental visits and maintenance of
good oral hygiene are important for everyone. Routine
dental cleaning and restorative procedures should be
strongly encouraged. Patients using bisphosphonates who
are considering dentoalveolar surgery should be advised
of the risks and alternatives. Invasive surgical procedures
should be avoided, if possible, especially in patients re-
ceiving iv bisphosphonates for cancer. If dental treatment
is needed, it should progress stepwise, if possible. Patients
with periodontal disease should receive appropriate non-

TABLE 4. Available dosing forms of nitrogen-containing bisphosphonates in the United States

Drug

Oral Dosing

IntravenousDaily Weekly Monthly
Alendronate (Fosamax) 5 and 10 mg 35 and 70 mg
Risedronate (Actonel) 5 mg 35 mg 150 mg
Ibandronate (Boniva) 2.5 mg 150 mg 3 mg every 3 months
Zoledronate (Reclast) 5 mg once a year
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surgical therapy. Patients starting oral bisphosphonates
who need invasive dental procedures should have proce-
dures done and healing complete before starting, if cir-
cumstances permit. Patients already taking a bisphospho-
nate may elect to take some time off therapy, although
there is no evidence that this will improve outcomes.

Atrial fibrillation (AF)
The concern regarding AF and bisphosphonate use

arose from the zoledronic acid HORIZON Pivotal Frac-
ture Trial data in which a greater number of subjects had
AF as a serious adverse event in the zoledronic acid group
(1.3%) compared with the placebo group (0.5%) (29).
This unexpected observation raised the question of whether
this imbalance was related to the medication itself or
whether this was a chance finding. This occurrence of AF
did not seem to be associated with the timing of the infu-
sion, the acute phase reaction after the infusion, or any
acute electrolyte imbalance. No increase in the rate of AF
was noted in the HORIZON Recurrent Fracture Trial, a
smaller and shorter study, in which careful evaluation of
AF and its serious adverse events was performed, (30), nor
was an increase in AF noted in the oncology trials of
zoledronic acid, using a dose approximately 10 times
higher than is used to treat osteoporosis.

Regarding the potential for other bisphosphonates to
increase the risk for AF, retrospective analysis of the alen-
dronate Fracture Intervention Trial (FIT) showed a non-
significant trend toward an increase in AF (1.5 vs. 1.0%,
relative hazard 1.51, 95% confidence interval 0.97–2.40,
P � 0.07) (31), but a similar review of the risedronate
Vertebral Efficacy with Risedronate Therapy study
showed no signal at all (32). A case-control study revealed
that past, not current, use of alendronate was associated
with a higher risk of incident AF (33). On the other hand,
a large population-based matched case-control study from
Denmark showed that the use of bisphosphonates, mainly
alendronate and etidronate, was not associated with an
increased risk of atrial arrhythmias compared with non-
users (34). Due to these conflicting results, a similar study
was performed to evaluate rates of AF in fracture patients
starting oral bisphosphonates based on a Danish data-
base, concluding that there was an increased risk of AF in
bisphosphonates users vs. nonusers, with the main risk
factors for AF being old age and patients who are already
at an increased cardiovascular risk (35). Two other large
population studies, one using two U.S. databases and the
other using a U.K. database, did not find an association
between bisphosphonate therapy and AF (36, 37).

In a metaanalysis of the four aforementioned random-
ized trials, bisphosphonate exposure was significantly as-
sociated with risk of serious but not all AF adverse events

(38). There was no increase in the risk of stroke or car-
diovascular mortality in an analysis of these trial data sets.

Thus, whereas there are some data potentially linking
the past use of bisphosphonates with an increased risk of
AF as a serious adverse event, the available information
does not reveal a consistent association and the overall
evidence does not support a causal relationship. More-
over, there is no convincing mechanism to account for this
effect, which seems to be independent of the dose and
duration of therapy. At the present time, the U.S. Food and
Drug Administration (FDA) recommends that physicians
not alter their prescribing patterns for bisphosphonates
while it continues to monitor postmarketing reports of AF
in such patients (39). In view of the above and the absence
of more definitive data, the benefits of treatment for os-
teoporosis should outweigh the risks in the majority of
patients from this perspective.

Esophageal cancer
Esophageal irritation has been a concern for patients

using oral bisphosphonates. Over the past 2 decades, the
FDA has received reports of 23 cases of esophageal cancer
among patients receiving oral bisphosphonate therapy,
described in a letter to the editor by Wysowski et al. (40)
In addition, 31 cases of esophageal cancer from Europe
and Japan have been reported in patients after using oral
bisphosphonates (40). The median time from use to diag-
nosis was 1–2 yr (40). However, this report lacked infor-
mation regarding risk factors for esophageal cancer in this
group of patients and the expected incidence of esophageal
cancer in this age group (41). Furthermore, it was limited
by the lack of a control group, which makes the associa-
tion between esophageal cancer and bisphosphonate use
purely speculative (42). Two other reports, one using data
from European national registries and the second from the
U.S. Medicare database, have not shown an increased risk
of esophageal cancer among individuals who were receiv-
ing oral bisphosphonates compared with those who were
not (43, 44). Lastly, the time from exposure to diagnosis
was brief and hence not consistent with a causal relation-
ship (45, 46).

The theoretical rationale for a possible association of
esophageal cancer and bisphosphonate use stems from the
fact that this class of medications can cause erosive esoph-
agitis, and esophageal biopsies of patients on alendronate
have revealed crystalline material similar to this drug as
well as persistent mucosal abnormalities (47, 48). Al-
though further studies looking at the potential risk for
carcinogenicity are clearly needed, the current data do not
support a causal association between oral bisphospho-
nates and esophageal carcinoma.
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Musculoskeletal pain
The prescribing information for all bisphosphonates

lists musculoskeletal pain as a potential, albeit an uncom-
mon, adverse effect. Between 1995 and 2005, the FDA
received 117 reports of severe musculoskeletal pain (bone,
joint, and/or muscle pain) developing in adults on bisphos-
phonates, described in a letter to the editor by Wysowski
and Chang (49) This may occur at any point after starting
bisphosphonate therapy. Although symptoms improved
promptly in some patients after discontinuation of the of-
fending drug, most patients experienced a gradual or in-
complete resolution of symptoms (49). The mechanism for
this adverse effect is not known, and evidence supporting
a causal relationship between this and bisphosphonate use
is lacking. Musculoskeletal pain is a common problem
in this age group. Further studies are needed to evaluate
the frequency and possible risk factors for this problem.
Particularly severe musculoskeletal pain associated
with bisphosphonate therapy has been described in pa-
tients with cystic fibrosis (50) and can be alleviated by
prior glucocorticoid therapy (51). At present, the FDA
recommends instructing patients to alert their physician
if such symptoms occur for consideration of stopping
the medication.

Renal safety
For treatment of osteoporosis, bisphosphonates have

not been associated with renal adverse events in patients
with creatinine clearances (CCr) above 30–35 ml/min, but
the FDA product labeling states that it is not recommended
to use these medications in patients with a lower CCr due
to lack of experience in such patients (52, 53).

Attempts have been made to analyze data retrospec-
tively and shed some light in this area. A post hoc analysis
of subjects from nine randomized trials in the risedronate
data set revealed that 7% had severe renal impairment
(CCr � 30 ml/min) and 45% had moderate impairment
(CCr � 30–50 ml/min) as estimated by the Cockcroft-
Gault formula (11). Compared with placebo, there was no
difference in the incidence of adverse events in the treat-
ment groups regardless of renal function, and therapy was
as effective in terms of preservation of BMD and reduction
of fractures. A retrospective analysis of the FIT data re-
vealed similar findings with the use of alendronate (12). It
is important to note that none of these patients had in-
trinsic kidney disease or a CCr less than 15 ml/min.

In the iv bisphosphonate studies, both ibandronate and
zoledronate appeared to be safe in patients with CCr
above 30–35 ml/min if administered correctly (30, 54–
56).Transient changes in renal functionmayoccur inpost-
menopausal women after receiving iv zoledronate, but re-
nal function returns to baseline in the long term (57).

Adverse effects on renal function seem to be primarily
related to the peak concentration (determined by the dose
and the infusion rate).

Thus, bisphosphonates appear to be safe and effective
in individuals with modestly reduced renal function. The
low risk of kidney damage in patients receiving iv bisphos-
phonates can be reduced further by adequate hydration
and prolonging the infusion rate. No dosage adjustment is
necessary in patients with mild or moderate renal impair-
ment. However, there are inadequate data in patients with
more severe chronic kidney disease and in end-stage renal
failure, in which other forms of metabolic bone disease
may be present (58). There are no data regarding the use
of bisphosphonates in patients with stage 5 chronic kidney
disease (CCr � 15 ml/min), although one expert opinion
recommends treating patients suffering fragility fractures
with half the usual dose of bisphosphonates for up to 3 yr,
after the diagnosis of osteoporosis is confirmed by a bone
biopsy (58, 59). This approach is mainly based on the
known pharmacokinetics of bisphosphonates in subjects
with normal renal function (60).

Atypical fractures
Although bisphosphonates reduce the rates of fractures

due to osteoporosis, recent reports suggested a link be-
tween bisphosphonate use and the development of atyp-
ical insufficiency fractures. This is thought to be due to
long term oversuppression of bone turnover leading to
impaired bone remodeling, accumulation of microdamage
in bone and increased skeletal fragility (61–64). A number
of case reports have described unusual low-energy sub-
trochanteric femoral fractures and pelvic insufficiency
fractures, which exhibited problems with healing, in pa-
tients on long term bisphosphonate therapy (65–72).
These fractures are typically associated with prodromal
pain in the region of the fracture and are frequently bilat-
eral; characteristic radiographic findings include cortical
hypertrophy, a transverse fracture pattern, and medial
cortical spiking (Fig. 2) (73). Bone biopsies in such patients
often show severely suppressed bone turnover (59–61),
although we have seen a patient with one of these subtro-
chanteric fractures whose iliac crest biopsy was com-
pletely normal (Watts, N. B., personal communication).
Several retrospective studies also suggested an association
between bisphosphonate use and atypical fractures (74–
76). On the other hand, a register-based national cohort
study from Denmark showed that the ratio of classical to
atypical hip fractures was identical in the alendronate-
treated subjects vs. matched untreated controls (77), al-
though exclusion of high-impact trauma fractures was not
possible due to lack of rigorously stated trauma codes in
their data set. This suggested that these atypical fractures
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were more likely due to osteoporosis rather than the
bisphosphonate therapy itself. The observed association
between long-term bisphosphonate use and atypical frac-
tures does not prove causality, and additional large-scale
studies are needed to elucidate this issue further. More
definitive data would be critical because this may influence
decisions regarding duration of therapy in selected indi-
viduals (78), but concern about oversuppression of bone
turnover resulting in atypical fractures should not lead to
stopping bisphosphonate therapy in the vast majority of
postmenopausal women at the present time (79, 80).

Long-term studies with bisphosphonates
Approval of bisphosphonates in the United States was

based on studies of 3 or 4 yr duration. Some of these
studies have been extended, with two alendronate cohorts
followed up for 10 yr (3, 4) and risedronate cohorts fol-
lowed up for 4 (81) and 7 yr (82). No new safety concerns
have emerged. Although some have expressed concern
about possible oversuppression of bone turnover, iliac
crestbiopsies afterup to10yrof treatmenthavenot shown
oversuppression.

There has been considerable discussion about how long
to treat with bisphosphonates. This does not come up with
treatments for other silent diseases such as hypertension
and hyperlipidemia because it is well known that benefits
of treatment disappear fairly quickly when treatment is
stopped. It is a reasonable question when considering
bisphosphonate therapy, however, because these drugs ac-
cumulate in the skeleton, leading to a reservoir that con-
tinues to be released for months or years after treatment is
stopped (83). As previously mentioned, the skeletal bind-
ing sites for bisphosphonates are virtually unsaturable, so

a considerable amount could be accumulated. Because re-
lease depends in part on the level of bone turnover, which
is reduced by the presence of bisphosphonates, the actual
amount released may be fairly small. Stopping alendro-
nate after 10 yr of treatment at a dose of 10 mg daily
(which should be the same as 70 mg weekly), the amount
of alendronate released from bone over the next several
months or years would be equivalent to taking one fourth of
the usual dose (2.5 mg daily or 70 mg once a month) (84).
Earlier studies suggested that lower-than-standard doses of
bisphosphonates might reduce the risk of fracture [alendro-
nate 5 mg daily (85, 86) and risedronate 2.5 mg daily) (87,
88)]. When treatment is stopped, if there is continued pres-
ence of bisphosphonate in bone and continued release (and
possible reattachment to bone), there might be some linger-
ing antifracture effect after treatment is stopped.

The extension of the risedronate Vertebral Efficacy
with Risedronate Therapy-NA study was a 1-yr follow-up
of subjects who completed 3 yr of blinded therapy with
risedronate 5 mg daily or placebo and then stopped their
study medications (but continued calcium and vitamin D).
In the year off treatment, BMD decreased in the former
risedronate users (but remained higher than baseline and
higher than in the former placebo subjects) and bone turn-
over markers increased (and were no different from the
former placebo subjects); despite the apparent resolution
of treatment effect on these intermediate markers, the risk
of new vertebral fractures was reduced by 46% in the
former risedronate users compared with the former pla-
cebo subjects (81).

In the extension of the alendronate Phase 3 study, when
treatment was stopped after 5 yr, bone density in the hip
remained stable but BMD in the hip sites decreased by
approximately 2% over 5 yr (3), but clear fracture data
were not available. The extension of the alendronate Frac-
ture Intervention Trial enrolled subjects who had approx-
imately 5 yr of alendronate treatment in the FIT into a
second 5-yr study during which some subjects continued
alendronate and others were changed to placebo. At the
end of the Fracture Intervention Trial Long-Term Extension
(FLEX), 5-yr fracture rates for new vertebral fractures were
reduced by 55% in the subjects who had 10 yr of treatment
compared with those who had 5 yr on/5 yr off. Although the
published report suggested no differences in radiographic
vertebral fractures or nonvertebral fractures, a subsequent
analysis indicated that, among subjects with T-scores of
�2.5 or below, nonvertebral fracture risk was reduced by
50% (89).

The data suggest to us that, although there is some
residual benefit in terms of fracture reduction for some
time after a 3- to 5-yr course of bisphosphonate therapy,
continuing treatment for 10 yr is better for some patients.

FIG. 2. X-rays showing an impending femoral shaft fracture (A) and a
representative atypical diaphyseal femoral fracture (B) with thickened
cortices and a beak or spike. [Courtesy of J. Lane and A. Unnanuntana,
Hospital for Special Surgery, New York, NY.]
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Although the risks of bisphosphonate therapy for osteo-
porosis are small, for patients at low risk of fracture, the
risk to benefit ratio may be negative. For patients who
were candidates for treatment, after a course of some
years, treatment may be stopped for a drug holiday. Al-
though it is difficult to find evidence to support the need
for or clinical results of a course of treatment followed by
a drug holiday (how long to treat, how long the holiday
should be, when the holiday should be stopped, effective-
ness of treatment after restarting), we believe there is logic
to support the following clinical scenarios as shown in
Table 5:

1. Low risk of fracture: treatment is not needed. If a
bisphosphonate has been prescribed, it should be
discontinued and not restarted unless/until the pa-
tient meets treatment guidelines. Example: 53-yr-old
woman, menopause at age 50 yr, lowest T-score
�1.6, no risk factors, bisphosphonate therapy for 2
yr. Treatment was not indicated in the first place and
can be discontinued.

2. Mild risk of fracture: treat with bisphosphonate for
3–5 yr and then stop. The drug holiday can be contin-
ueduntil there is significant lossofBMD(i.e.morethan
the least significant changeasdeterminedby the testing
center) or the patient has a fracture, whichever comes
first. Example: 65-yr old woman, menopause at age 52
yr, initial lowestT-score�2.6,norisk factors,bisphos-
phonate treatment for 5 yr, BMD stable over that time.
Treatment was indicated, but after 5 yr of treatment, a
drug holiday might be considered.

3. Moderate risk of fracture: treat with bisphosphonate
for 5–10 yr, offer a drug holiday of 3–5 yr or until
there is significant loss of BMD or the patient has a
fracture, whichever comes first. Example: 70-yr-old
woman, menopause at age 49 yr, lowest initial T-
score �2.7, no risk factors, bisphosphonate therapy
for 8 yr, BMD increased over that time so lowest
T-score now is �2.3. Treatment was indicated, but

after 8 yr of treatment, a drug holiday might be
considered.

4. High risk of fracture: treat with bisphosphonate for
10 yr, offer a drug holiday of 1–2 yr until there is
significant loss of BMD or the patient has a fracture,
whichever comes first. A nonbisphosphonate treat-
ment (e.g. raloxifene, teriparatide) may be offered
during the holiday from the bisphosphonate. Exam-
ple: 72-yr-old woman, menopause at age 43 yr, low-
est initial T-score �3.8, rheumatoid arthritis requir-
ing ongoing corticosteroid therapy for 12 yr, 3-in.
height loss and two vertebral fractures by VFA, treat-
ment with bisphosphonate therapy for 10 yr Treat-
ment was indicated. After 10 yr, she remains at high
risk of fracture. If a holiday from the bisphosphonate
is considered, interval treatment with teriparatide or
raloxifene would be prudent.

It has been suggested that a decrease in BMD or increase
inbone turnovermarkermightbeused todecidewhentoend
a drug holiday, but the risedronate study showed that frac-
ture risk remained reduced despite what appeared to be un-
favorable changes in these parameters (81). Conversely,
there is no evidence that, off treatment, fracture risk is re-
duced if BMD is stable or bone turnover marker is low.

Summary and conclusions
Bisphosphonates offer a safe and effective treatment to

reduce fracture risk, with evidence for broad spectrum (i.e.
spine, hip, and nonvertebral) fracture risk reduction not
shown for other available agents. They can be adminis-
tered orally (daily, weekly, or monthly) or iv (quarterly or
yearly). Since their initial introduction in the United States
in 1995, questions have been raised about their associa-
tion with possible side effects (ONJ, musculoskeletal pain,
atrial fibrillation, atypical fractures, esophageal cancer)
that appear to be rare and may not be causally related. For
most patients with osteoporosis, the benefits of treatment
outweigh the risks.

TABLE 5. Suggested duration of bisphosphonate treatment and drug holidays

Patient’s fracture
risk

Suggested duration
of treatment Suggested duration of drug holidaya

Low Treatment rarely indicated NA
Mildly increased Treat for approximately 5 yr Stay off bisphosphonate until BMD decreases significantly or fracture occurs
Moderately

increased
Treat for 5–10 yr Stay off bisphosphonate for 2–3 yr (or less if BMD decreases or fracture occurs)

High Treat for 10 yr Stay off bisphosphonate for 1–2 yr (or less if BMD decreases or fracture occurs);
alternate medication (e.g. raloxifene, teriparatide) may be given during
the holiday from bisphosphonates

Duration is based largely on personal opinion.
a Longer holidays might be appropriate for patients treated with bisphosphonates that bind most strongly to bone (i.e. zoledronic acid,
alendronate), whereas shorter holidays might be considered for patients treated with compounds that bind less strongly (i.e. risedronate,
ibandronate).

1562 Watts and Diab Long-Term Use of Bisphosphosphonates J Clin Endocrinol Metab, April 2010, 95(4):1555–1565

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/95/4/1555/2596477 by U
.S. D

epartm
ent of Justice user on 16 August 2022



Because bisphosphonates are avidly bound to bone, a
reservoir of drug accumulates after years of treatment that
is gradually released over months or years and appears to
result in a lingering antifracture benefit for some time after
therapy is stopped. This makes it possible to consider drug
holidays [time off bisphosphonate therapy (but possibly
on another agent)] and then resuming therapy. Although
there is no strong science to guide us, we believe that some
time off treatment should be offered to most patients on
long-term bisphosphonate therapy. The duration of treat-
ment and the length of the holiday should be tailored to
individual patient circumstances, including the risk of
fracture and the binding affinity of the particular bisphos-
phonate used.
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