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Context: There has been considerable concern recently inthe scientificand lay mediaregardingthe
penefits vs. the risks of bisphosphonates for the treatment of osteoporosis. Risks include possible
associations with osteonecrosis of the jaw (ONJ) and atypical femur fractures. In this perspective,
we review the use of bisphosphonates for the treatment of osteoporosis, including an objective
assessment of the risks vs. the benefits of these drugs.

Evidence Acquisition: Authors” knowledge of the field and results of focused literature searches

are presented.

Evidence Synthesis: Bisphosphonates have proven efficacy in the prevention of bone loss and in
the reduction of fractures in postmenopausal women and men with established osteoporosis.
Although bisphosphonates, at doses used to treat osteoporosis, may be associated with an in-
creased risk of ONJ and atypical femur fractures, many more fractures are prevented by the use of
these drugs compared to the relatively low risk of these complications. Although oral bisphos-
phonates are associated with upper gastrointestinal side effects and iv bisphosphonates with acute
phase reactions, the association of bisphosphonate use with esophageal cancer and atrial fibril-
lation is not well supported by current data.

Conclusions: Bisphosphonates have been proven to prevent fractures in patients with established
osteoporosis or those who are at high risk of fracture. In contrast, the incidence of major compli-
cations associated with bisphosphonate use, such as ONJ and atypical femur fractures, is very low.
{J Clin Endocrincl Metab 97: 2272-2282, 2012)

This position statement is intended to serveasa guidefor
clinical endocrinologists as well as other physicians
regarding the usc of bisphosphonates for the treatment of
osteoporosis. It reflects the expert opinion of the authors
(independent of The Endocrine Society or any other or-
ganization) and summarizes the benefits of bisphospho-
nates for patients at risk for osteoporotic fractures and
aleo their potential for adverse effects. These include
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esophageal discase, atrial arrhythmias, osteonecrosis of
the jaw (ONJ), and atypical femur fractures. A possible
association of these adverse events with bisphosphonate
use has led physicians and patients to guestion whether
their potential risks outweigh the predictable antifracture
benefits of this class of drugs. The most recent topic of
concern is atypical femur fractures in partients taking bi-
sphosphonates, as outlined in a recent report by a task

Ahhreviations: BMD, Bene mineral density; CTX, C-terminal telopeptide of type collagen;
CER. estimated glomerular filtration rate: ONJ, osteonecrosis of the jaw.
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force of the American Society for Bone and Mineral Re-
scarch (ASBMR) (1). The evidence associating bisphos-
phonate use with these events will be critically assessed.
The thesis of the article is that the risk of serious compli-
cations associated with bisphosphonate use for osteopo-
rosis is very low, particularly when viewed in the context
of their proven benefits for fracture risk reduction in pa-
tients with osteoporosis or those who are at high risk for
fracture.

Pharmacelogy and Mechanism of Action

Bisphosphonates are synthetic analogs of naturally occur-
ring pyrophosphates in which the oxygen atom in the lat-
ter has been replaced by a carbon atom in the bisphos-
phonate molecule. Their general formula is shown in Fig.
1 with R, and R, representing side chains. The R, position
is the site that has given rise to the different bisphospho-
nate molecules, whereas the Ry position is invariably a
hydroxyl group. Currently approved bisphosphonates for
the treatment of osteoporosis act by inhibiting bone re-
sorption with a consequent increase in bone mass largely
due to refilling of the remodeling space and an increase in
mineralization density, The compounds used are primar-
ily nitrogen-containing compounds with nitrogen atoms
in the side chain at R,. The nitrogen is found in the straight
alkyl chain (e.g. alendronate, ibandronate) or as part of a
cyclized aromatic ring (risedronare, zoledronic acid). The
nitrogen-containing bisphosphonates are administered

Bisphosphonate

BIG, 1. Chemical structure of bisphosphonates compared with
pyrophosphate.
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orally (alendronate, risedronate, ibandronate) or iv (zole-
dronic acid, ibandronate). Absorption of oral bisphospho-
nates is low (0.6—1.5% of the administered dose). Bispho-
sphonates bind avidly to bone mineral with no substantial
atfinity for other tissues. About 40-60% of the dose dis-
cributes to bone, the remainder is excreted unchanged in
the urine, and there is no substantial metabolism (2). This
preferential uptake into bone affords bisphosphonates a
high degree of target organ specificity.

Over the past 40 yr, much progress has been made in
elucidating the mechanism of action and structure-func-
tion relationships of the bisphosphonates (3, 4). After ad-
sorption to bone mineral, bisphosphonates are targets for
uptake by osteoclasts where they inhibit a key enzyme in
the mevalonic acid pathway, farnesyl pyrophosphate syn-
thase. Inhibition of farnesyl pyrophosphate synthase
blocks prenylation (posttranslational modification) of
small GTPases, such as Ras, Rho, and Rac, which are
signaling molecules in key osteoclastic functions such as
maintenance of the cytoskeleton and ruffled border for-
mation. Non-nitrogen-containing bisphosphonates (e.g.
clodronate, etidronate) inhibir osteoclast funcrion by a
mechanism involving the accumulation of nonhydrolyz-
able ATP analogs, which disrupt cellular function and pro-
mote apoptosis.

Bone Histology after Therapy

Bisphosphonates lower fracture risk in large part by re-
ducing the rate of bone remodeling and associared micro-
architectural deterioration of bone as well as by increasing
bone mass. Bone biopsy data from human subjects con-
firm this mechanism of action and document the absence
of histological abnormalities (5), with the caveat that the
available bone biopsy data are all from a non-weight-bear-
ing site (iliac crest). Bone remodeling is the mechanism by
which bone repairs microdamage caused by loading (tar-
geted remodeling) and delivers calciuminto thecirculation
(stochastic remodeling) (6, 7). Remodeling rares generally
increase 2-fold within 12 months of menopause, triple by
age 60, and remain elevated in untreated osteoporosis pa-
tients (8). Bone formation rates estimated by tetracycline
labeling are reduced in patients on bisphosphonates. Most
patients on bisphosphonates show reductions in remod-
eling to the range seen in healthy premenopausal women
(9). Between 1 and 30% of bisphosphonate-treated pa-
tients show no tetracycline labels, even alter extensive
scarch of biopsy specimens (5, 9-11), However, whereas
it is noteworrhy that remodeling rates in premenopausal
women are much lower than in postmenopausal wormen
and both demonstrate tetracycline labels in bone biopsies
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TABLE 1. The FDA registration among the
bisphosphenates for fracture risk reduction efficacy
according fo the FDA registration trial data vs. the
fracture efficacy among the bisphosphonates derived
from nonregistration, pooled dala, or observational data

Evidence from
nonregistration,
pooled, or
observational data

Vertebral, nonvertebral,

Evidence from
FDA registration
trials

Alendronate Vertebral and hip

and hip

Risedronate Vertebral and Vertebral, nonvertebral,
nonvertebral and hip

lbandronate Vertebral Vertebral, nonvertebral,
and hip

7oledronic  Vertebral, nonvertebral, Vertebral, nonvertebral,
acid and hip and hip

(10), about 5% of biopsies from untreated osteoporosis
patients exhibit no tetracycline labels (10). Thus, it is
possible that the subset of bisphosphonate-treated pa-
tients who exhibit markedly reduced remodeling may
have had reduced remodeling before treatment. Long-
term efficacy of bisphosphonates to maintain reduc-
tions in overall fracture risk is related to their reduction
of bone turnover and the resultant effects on bone me-
chanical properties (12, 13).

Efficacy in Preventing Bone Loss and
Fractures

The primary end-point required for Food and Drug Ad-
ministration (FDA) approval of therapies for the treat-
ment of postmenopausal osteoporosis is significant reduc-
tion in incident morphometric vertebral fractures over 3 yr
compared with placebo (14). On the basis of this require-
ment, all daily oral and one iv bisphosphonate formula-
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tion (annual iv zoledromc acid) (15-19) obtained ap-
proval for the treatment of postmenopausal 0SteopOrosis.
Bisphosphonates also reduce the incidence of nonverte-
bral fractures, although nonvertebral fracture risk reduc-
tion did not reach a level of significance in the pivotal
registration trials for either alendronate (15) or ibandro-
nate (20), but did in the risedronate registration trial (18).
Hip fracture risk reduction did not reach a level of signif-
icance in either the risedronate or ibandronate registration
trials (17, 18, 20), but did in the registration trial for alen-
dronate (15). For zoledronic acid, significant reductionsin
nonvertebral and hip fractures were seen. In non-registra-
tion trials, pooled/observational data sets, or post hoc
analyses, all amino-containing bisphosphonates show ev-
idence of fracture risk reduction at hip and other nonver-
tebral sites (21-24) (Table 1). Figure 2 shows the relative
risk reduction for vertebral and hip fractures in postmeno-
pausal women with known osteoporosis after 3 yr of ther-
apy with the currently approved bisphosphonates, alen-
dronate (15), risedronate (18, 21), ibandronate (20), and
zoledronic acid (19). Point estimates of relative vertebral
fracture risk reduction range from 40-70%, and relative
hip fracture reduction ranges from 40-50% with these
drugs. However, because there has never been a head-to-
head fracrure study comparing bisphosphonates, there is
no basis for concluding that one bisphosphonate is supe-
rior to another (25). Overall, the data clearly demonstrate
that bisphosphonates reduce the incidence of 0Steoporotic
fractures in appropriately selected individuals.

The approvals for most non-daily bisphosphonate dos-
ing regimens (weekly oral, monthly oral, and quarterly iv
ibandronate) were not obtained on the basis of data show-
ing fracture risk reduction, but rather according to “bridg-
ing studics.” These studies have used bone mineral density
(BMD) as a primary end-point and bone turnover markers
as a secondary end-point. Approval of these non-daily
dosing regimens is based on the expectation
that an equivalent increase in BMD and/or re-
ducrion in bone turnover mediated by idenrical
molecular structures conveys equivalent frac-
mire reduction (14, 26).

There is a nonlinear relationship berween
the cffect of bisphosphonate treatment on
BMD and the magnitude of fracture risk re-
duction (27-30). As such, there are other
mechanisms, not related to a change in BMD,
whereby  bisphosphonates  increasc bone
strength (31=33). Thug, no change in BMD af-
rer initiation of bisphosphonate therapy 1s an
acceprable outcome, assuming that secondary
conditions that could mitigate a therapeuric re-
sponse are not present (34). The reducrion of

Zotedronic acid
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bone turnover to expected levels; although BMD may not
have increased, is further evidence for a therapcutic re-
sponse (29, 35, 36).

Although the evidence for efficacy of bisphosphonates
in reducing fracture risk is established, fracture risk is not
eliminated. Osteoporotic fractures may occur in patients
taking a bisphosphonate. Like other pharmacological in-
terventions for chronic diseases, no drug completely abol-
ishes the end-point of the disease for which the drug 1s
administered—in this case, bisphosphonate use for frac-
ture risk reduction. This reality does not diminish the value
of bisphosphonates in those patients who meet criteria for
treatment. Although the bisphosphonate registration tri-
als for postmenopausal osteoporosis included randomized
placebo and treated groups through 3 yr, there are longer
term bisphosphonate efficacy data: the 5-and 10-yr alen-
dronate data (12, 13); the 10-yr data from the Fracture
Intervention Trial (FLEX) (13); 7-yr risedronate data (37);
the long-term ibandronate extension data (38); and the
6-yr zoledronic acid data (32). In some (37, 39), a placebo
group was maintained. In none of the extension studies
was the total initial randomized population included, so
there is selection bias in the extension data. Only in the first
5 yr of the risedronate study (37) was the original placebo-
randomized population continued. In addition, the long-
term extension of the ibandronate trial included no pre-
specified fracture end-points. Nevertheless, the long-term
bisphosphonate data we have suggest that maintenance of
fracture benefit (incident rates) through 3 yr is comparable
to the risk reduction seen during the first 3 yr of the ran-
domized trial. Hence, despite the limitation of trial design
with extension studies, where maintenance of a placebo
group may be an ethical issuc in higher risk patients, the
data would suggest that antifracture benefit is maintained
with § yr of bisphosphonates (or 6 yr from the zoledronic
acid extension data).

Osteoporotic fractures at many sites are associated
with increased mortality {40). The reduction in fractures
by bisphosphonates might be expected, therefore, to be
associated with reductions in the mortality as well as mor-
bidity associated with hip fractures. Data from studies
with zoledronic acid in the post-hip fracture population
(Fig. 3) and other bisphosphonates have shown that over-
Al mosraliry is reduced, although whether rhisis due to the
reduerion i hip [rastures or an independent effect of bi-
sphosphonates on mortahty is unclear (41, 42), Neverthe-
less, Lhe data thar these drugs may be associated with a
reduction in overall mortality in the post-fracture setting
show anorher potential therapeutic benefir.
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Hazard ratio, 0.72 (95% O, 0 56.0.93) .
T p=0.01

Cumulative Incidence, %

T T i T T T T i 1
0 4 8 12 16 20 24 28 32 36
Month
No. at Risk
Zoledronic acid 1054 1029 987 943 806 674 507 348 237 144

Placebo 1057 1026 993 945 804 681 511 364 236 149

FIG. 3. Reduction in all-cause mortalily over 3 yr after therapy with v
solendronic acid in the HORIZON trial. [Reproduced from K. W. Lyles
et al.- Zoledronic acid and dlinical fractures and mortality after hip
fracture. N Engl J Med 357:1789-1809, 2007 (41), with permission. ©
Massachusetts Medical Society.]

Complications

Renal, esophageal, and acute phase raactions

Approximately 50 to 60% of administered bisphos-
phonate is excreted unchanged by the kidneys, with the
remainder taken up by bone. Renal toxicity due to iv bi-
sphosphonates is related to the maximum drug level
achieved and not the area under the curve of drug exposure
(43, 44). Use of other agents that have nephrotoxic po-
rential such as nonsteroidal antiinflammatory drugs or
diurerics or the presence of preexisring renal impairment
and dehydration at the rime of bisphosphonate infusion
increase the risk for renal toxicity with iv bisphospho-
nates. To avoid compromise of renal function, bisphos-
phonates should not be given to patients with an cstimated
glomerular filtration rate (eGFR) of 30 ml/min or less. For
zoledronic acid, the threshold is less than 35 ml/min, and
eGFR should be assessed before each infusion (45). Drug
should be administered using the recommended dose and
infusion time. In the phase 3 (HORIZON-Pivortal Fracture
Trial) study, postmenopausal women treated with zole-
dronic acid demonstrated mild increases in serum creati-
nine in a renal safety subset measured 9-11 d after infu-
sion, but there was no difference in eGFR in drug- vs.
placebo-treated patients over the course of the registration
trial (46) or in the 6-yr extension data (13, 39, 48). Intra-
venous ibandronate, dosed for ostcoporosis (3 mg every 3
months), has shown no significant renal toxicity when
treated patients have eGFR above 30 ml/min and no base-
line tenal comorhidities (49), However, there are no head-
ro-head data to compate renal effecrs between zoledronic
acid and ibandronate.

Oral daily bisphosphonates have been associated with
esophageal ulcers, esophagitis, and bleeding; however,
these side effects lessened with the advent of weekly (alen-
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dronate, risedronate) or monthly (ibandronate, risedro-
nate) preparations (50). Recently, concern has emerged
about an association between oral bisphosphonate use
and an increased risk of esophageal cancer (51, 52). How-
ever, other analyses of population-based cohorts have
failed to support that association (53-55). Thus, a link
between oral bisphosphonate use and esophageal canceris
not established.

Approximately 18% of patients receiving first doses of
iv bisphosphonate experience an acute phase reaction (fe-
ver, headache, myalgia, arthralgia, malaise) occurring
within 24-36 h and lasting up to 3 d. The incidence is
reduced approximately 50% by acetaminophen (500-
1000 mg before and for 24—48 h after infusion) and de-
creases with subsequent infusions (56).

Atrial fibrillation

In the 3-yr HORIZON-Pivotal Fracture Trial (19), sub-
jects treated with zoledronic acid were found to have an
increased incidence of atrial fibrillation as a serious ad-
verse event (i.e. requiring hospitalization, 1.3 % with zole-
dronic acid vs. 0.5 % with placebo; P < 0.001); the overall
incidence of atrial fibrillation, however, was similar be-
tween the two groups. There were no significant differ-
ences in the rates of stroke, myocardial infarction, or
deaths due to cardiovascular events, nor was there any
relation to the timing of drug infusion, acute phase reac-
 tions, calcium levels, or electrolyte abnormalities. This re-
port prompted additional investigation of the risk of atrial
fibrillation in post hoc analyses of other trials and reviews
of healthcare databases. Only one of these studies (57), a
population-based case-control study with alendronare,
found any association between the use of bisphosphonates
and atrial fibrillation. Zoledronic acid was not associated
with an increased risk of atrial fibrillation in the HORI-
7ON Recurrent Fracture Trial (41) (subjects were older
and presumably at higher risk for the arrhythmia) or inany
of the oncology trials whete subjects received zoledronic
acid in doses that were approximately 10 times the dose
for osteoporosis (i.e. 4 mg monthly instead of the dose tor
ostcoporosis, which is 5 mg yearly) (58-60). Post hoc
analyses of studies with other bisphosphonates, including
alendronate (61), risedronate (62), and ibandronate (63),
did not show a statistically significant increase in the risk
of atrial fibrillation. Although a population-based case-
control study in 11.S. women suggested an increase in the
risk of atrial fibrillation in women with past, but nor cur-
rent, usc of alendronate (57), another study in the Unired
States (64), rwo studies in Denmatk (65, 66), and a study
inthe Unired Kingdom (67) did not show an inoreased risk
of atrial fibzillation with long-term hisphosphonate use. In
theie most recent review of these dara, the FDA recom-
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mends that patients should not stop taking their bispho-
sphonate medication because of this theoretical concern,
stating that “across all studies, no clear association be-
tween overall bisphosphonate exposure and the rate of
serious or nonserious atrial fibrillation was observed”
(68). Thus, the possible association of atrial fibrillation
with bisphosphonate use is not well supported by current
data.

Osteonecrosis of the jaw

ON] associated with bisphosphonate therapy in cancer
patients was reported in 2003 (69) and is now generally
recognized as a very rare complication of long-term bis-
phosphonate therapy at doses used to treat 0SteopOrosis
(70). The ASBMR task force on ONJ defined a confirmed
case of bisphosphonate-associated ON]J as an area of ex-
posed bone in the maxillotacial region that did not heal
within 8 wk after identification by a health care provider
in a patient who was receiving or had been exposed to
hisphosphonates and had not had radiation therapy to the
craniofacial region (Fig. 4) (70). Clinical symptoms and
signs of ON]J include pain, swelling, paresthesias, suppu-
ration, along with soft tissue ulceration and intra- or ex-
traoral sinus tracts. Radiographic abnormalities range
from none to varying radiolucencies or radiopacities.

The incidence of bisphosphonate-associated ON]J 1s
highest in patients with underlying malignancies who re-
ceive high doses of iv bisphosphonates (e.g. zoledronic
acid, 4 mg iv every 3—4 wk) to decrease the risk of skeletal
complications of malignancy: between 1and 10% of these
patients may go on to develop ONJ (70). By contrast, the
risk of developing ONTJ in patients treated with bisphos-
phonates (oral or iv) for osteoporosis is much lower, al-
though the precise estimates of risk vary considerably; this
problem is further compounded by the absence of robust

FiG. 4. Photograph showing an area of hone expasure {asterisk) in &
patient with hisphosphonate-assotiated ONJ. [Reproduced from Y.
Morag et al.. Bisphosphonate-related 0sTeONCCrosts of the jaw: a
pictorial review RadioGraphics 29;1971-1984, 2009 (47), with
permission. @ Radiological Society of North America ]
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TYPICAL Subtrochanteric Fracture
- Spiral pattern

= Substantial comminution

+ Thin cortices

* No comminution

FIG. 5. Radiographic appearance and characteristics of a typical vs. atypical
subtrochanteric fracture (courtesy of Dr. Melvin Rosenwasser, Columbia University,

Newy York, NY).

population-based data on the risk of ONJ in the absence
of hisphosphonate use. The most rigerous epidemiologi-
cal data come from a population-based study from Ger-
many, which used a central national registry (71). Of the
300 cases of OINJ identified, 97.6% were in patients wich
underlying malignancy. Based on three identified patients
in the registry treated with oral alendronate for osteopo-
rosts and a denominator of 780,000 people in Germany on
a bisphosphonate for osteoporosis, the estimated preva-
lence of bisphosphonate-associated ONJ was approxi-
mately 1 in 250,000 (0.0004%) (71). In contrast, several
surveys of oral and maxillofacial surgeons have generated
higher prevalence estimates (0.001-0.10%) (72-74), per-
haps due to selection bias in the survey approach. Overall,
however, even using the higher prevalence estimates, the
risk of bisphosphonate-associated ONJ appears to be ex-
tremely low in patients treated for osteoporosis. In addi-
tion to high-dose iv bisphosphonate use, however, certain
additional risk factors have been identified that may increase
risk even with lower dose bisphosphonate therapy (oral or
iv): dental extraction, oral bone-manipulating surgery, poor-
titting dental appliances, intraoral trauma, glucocorticoid
use, diabetes, and alcohol abuse (70). Although it has been
suggested that low serum C-terminal telopeptide of type I
collagen (CTX; a bone resorption marker) levels may iden-
tify paticnts at risk for QNJ (75), the clinical utility of this
approach is questionable given that virtually all patients on
4 bisphosphonare will have reduced serum CTX levels. Tn
addition, some experts suggest stopping the bisphosphonate
for a period of time (generally several months) before and
after invasive dental procedures, bur there are no data to

ATYPICAL Subtrochanteric Fracture
* Transverse or short oblique orientation

= Thick cortices — focal or generalized
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suggest that this approach will improve dental
outcomes {70),

Management of ONJ is generally conserva-
tive, including pain control and oral antimi-
crobial rinses to minimize the risk of infection
(70). Recent case reports have suggested that
stimulating bone turnover with teriparatide
may aid resolution of symptoms and healing of
the osteonecrosis (76, 77), although this ap-
proach needs to be evaluated rigorously using
randomized, controlled trials.

Subtrochanteric fractures

Recently, bisphosphonates have been asso-
ciated with unusual femur fractures (for re-
view, see Ref. 1). In contrast to common fem-
oral neck and spiral intertrochanteric hip
fractures, “atypical” femur fractures are lo-
cated in the subtrochanteric region and shaft
regions of the femur and also have radio-
graphic characteristics of stress or fatigue frac-
tures. Incomplete atypical femur fractures have
a lucent linear fracture line that originates at the periosteal
surface of the lateral cortex, often with localized cortical
thickening at the fracture site, termed “beaking,” that rep-
resents periosteal callus formation, Additionally, a com-
pleted atypical femur fracture has a transverse or short
oblique (30%) orientation without comminution and a
medial spike. There is often generalized cortical thickening
of the femoral shaft. Associated hyperemia and marrow
edema can be detected by rechnetium scanning and mag-
netic resonance imaging. There is a history of prodromal
pain in approximately 75%, bilateral fractures in 25—
50%, and delayed healing in at least 25% of atypical frac-
tures. These radiographic and clinical features suggest that
the pathogenesis is distinct from osteoporotic fractures.
Figure 5 provides radiographic examples of typical vs.
atypical subtrochanteric fractures. Atypical fractures are
most commonly reported in patients receiving alendro-
nate, most likely because it is the most widely used bis-
phosphonate and has been available for the longest period
of time. These fractures also have been reported in patients
receiving other bisphosphonates. The mean duration of
bisphosphonate exposure ranges from 5 to 7 yr, depending
on the series. In patients with atypical fractures, there are
often comorbid conditions and concomitant drug expo-
sures, including agenrs other than bisphosphonates such
as glucocorticoids or proton pump inhibitors.

Fractures of the snbreochanteric region and femoral
shaft comprise 5 ro 10% ot all hip and femur fractures in
the elderly (78, 79), but only 3 to 29% of fractures in these
locations have specific radiographic features of atypical
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femur fractures (80—82). Thus, atypical femur fractures
constitute less than 1% of all hip and femur fractures and
are rare compared with the more common classical osteo-
porotic fractures of the femoral neck and in tertrochanteric
regions. There were no cases of atypical femur fractures in
the registration studies for oral bisphosphonatces involving
more than 17,000 patients (1). A secondary analysis ofall
hip and femur fractures that occurred in three large ran-
domized dinical trials of alendronate and zoledronate did
not find an increased risk of subtrochanteric or femoral
shaft fractures, but given that fractures in this location
account for only 5 to 10% of all proximal femur fractures,
the study was underpowered (83).

Most registry studies that relied on diagnostic cod-
ing, without radiographic review to ascertain specific
features of atypical fractures, have not found associa-
tions between subtrochanteric and femoral shaft frac-
tures and bisphosphonate use (84-86). A Danish na-
tional cohort study found that rates of subtrochanteric
and femoral shaft fractures were higher in patients on
bisphosphonates than in age-matched controls, with no
difference between short-term and long-term users (87).
Although two studies found a declining incidence of
femoral neck and intertrochanteric fractures (78, 79),
one reported a stable incidence (78) and the other a
rising incidence of subtrochanteric and femoral shaft
fractures, temporally coincident with an increase in pre-
scriptions for bisphosphonates (79). In contrast, Park-
Wyllic et al. {88) found a significant 2 74-fold (95%
confidence interval, 1.25-6.02) increased relative risk
of subtrochanteric and femoral shaft fractures
women with more than 5 yr of bisphosphonate use.

Studies thatinclude radiographic review to ascertain atyp-
ical features consistently demonstrate associations between
atypical femur fractures and bisphosphonates, with very
high odds ratios, ranging from 15.33 (81) to 38.5 (89), but
have demonstrated that atypical femur fractures also occur in
bisphosphonate-naive patients. Although odds ratios de-
scribing relative risk are high in a number of studies, absolute
risk is uniformly very low. Tn this regard, Schilcher ez al. (89)
reported an absolute risk of five cases per 10,000 patient-
years (95% confidence interval, 4-7), arrributable to bis-
phosphonate use, that decreased 70% per year a fter stopping
bisphosphonates. Park-Wyllie et al. (88) reported that in
52,595 women with at least 5 yr of bisphosphonate therapy,
4 subtrochanteric or femoral shaft fracture occurred n 71
(00.13%) during the subsequent yearand 117(0.22 9% ) within
2 yr. A lew case reports and anecdoral findings suggest that
teriparatide therapy can improve or hasten healing of these
fractures (90, 91).

"T'o summarize, the collective evidence does midwate an
association between long-term bisphosphonate use and
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atypical femur fractures, although the absolute risk of these
fractures in patients treated with bisphosphonates appears to
be extremely low. A number of possible mechanisms have
been proposed whereby bisphosphonates may lead to these
fractures (for reviews, sce Refs. 1 and 92), but the underlying
pathogenesis of these fractures is currently unclear. Of note,
bisphosphonate therapy itself does not lead to generalized
cortical thickening, raising the possibility that a particular
subset of patients who have pretreatment cortical thickening
may be predisposed to this complication.

The “Drug Holiday”

Concern about ONJ and atypical femur fractures has led
to discussions about the consequences of long-term use of
bisphosphonates without an interruption in therapy and
the safest duration of therapy in general (93, 94). The
concept of a drug holiday has arisen with the goal of pro-
viding a hiatus during which reduced bone turnover
caused by the bisphosphonate may partially recover (or
increase). If the duration and degree of suppression of
bone turnover are contributing to, or associated with, the
increased risk of complications such as ONJ and atypical
femur fractures, then perhaps this drug-free time may re-
duce risk of these adverse events. However, available data
do not clearly point to this pathogenetic sequence. Nev-
crtheless, patients whose fracture risk has clearly been re-
duced by bisphosphonare therapy (BMD has improved
and no fractures have occurred) might be candidates for
the drug holiday. On the other hand, in individuals who
after 5 yr of continuous bisphosphonate therapy are still
regarded to be ar high risk for fracture (BMD still very low
and/or an intervening fragility fracture has occurred), the
drug holiday would not be an attractive option (13, 39,
48). In this situation, the risks of stopping therapy may
exceed the risks of continuing therapy. Thus, each case
must be individually considered. The optimal length of the
drug holiday is also not known. Evidence from several
studies has shown that global fracture protection afforded
by the bisphosphonate (e.g. alendronate or zoledronic
acid) is attenuated 3—S yr after bisphosphonate therapy 1s
discontinued, although there is some residual fracture pro-
tection (13, 39, 48). In a typical, albeit empirical, ap-
proach, the bisphosphonate is stopped for 1-3 yr until the
return of bone resorption markers (e.g. CTX) into the
mid-range of young aduls, when therapy may then be
reinitiated. This approach, however, is not validated by
evidence, and further dara are needed to inform practitio
aers on this important issuc. Ar an FIJA advisory com-
mittee meeting held on September 9, 2011, considerable
diversity of opinion was expressed on the safety of long-
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term hisphosphonate use; although no tormal report was
issued, the advisory panel voted to recommend that bis-
phosphonate labels should further clarify the duration of
use, without stating what that clarification should be.

Weighing the Benefits and Risks of
Bisphosphonate Therapy

In this report, we have considered the risks of bisphos-
phonate therapy in the context of their proven benefits to
prevent disabling osteoporotic fractures. The main focus
of discussion with regard to recently reported adverse
events of bisphosphonates is ONJand atypical femur frac-
tures. The evidence for the association of bisphosphonates
with esophageal cancer in published data is weak, and
there is no clear association between bisphosphonates and
atrial fibrillation. Some patients who are at significant risk
of osteoporotic fractures and their physicians decide
against bisphosphonate treatment because of the potential
risks of ONJ or atypical femur fractures. The impression
held by some patients and health care professionals is that
the risks of ONJ or atypical femur fracture outweigh the
demonstrated benefits of bisphosphonates to reduce frac-
tures and their associated complications.

Over 2 million osteoporotic fractures occur annually in
the United States. Approximately 300,000 of these frac-
tures are hip fractures, FHip fracture is associated with in-
creases in mortality that exceed 20%, as well as major
increases in morbidity (95). During the period 1996—
2006, which coincides with the introduction of three bi-
sphosphonates, the reported incidence of hip fractures de-
clined substantially in the United States (78). More recent
estimates confirm this impression (hetp://www.abstracts2
view.com/asbmriview.php?nuASBMR11L). Although one
cannot be certain that the downturn in the reported inci-
dence of hip fractures is due to the availability of bispho-
sphonate therapy for osteoporosis, it is likely that these
agentsare, at leastin part, responsible. W ith the reduction
in hip fractures come substantial henefits in terms of lives
saved, morbidity reduced, and reductions in health care
costs (96). Thus, because osteoporotic fractures are a ma-
jor public health problem, the proven benefits of bispho-
sphonates should also be emphasized.

We recognize, and have identified where appropriate,
particular arcas of nncertainty and directions for future
rescarch. Chief among these are the optimal duration of
therapy with a bisphosphonareand the possible efficacy of
a drug holiday in mitigating rhe potential risks of long-
term hisphosphonate therapy, including OINJ and subtro-
chanteric fracturcs. Additional studies are also needed to
examine the possible link between oral bisphosphonate
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use and esophageal cancer, as well as the possible mech-
anisms by which bisphosphonates may lead to ONJ and
subtrochanteric fracrures.

These uncertainties notwithstanding, deciding not to
treat a patient with osteoporosis with a bisphosphonate
because of the concern for rare associated events such as
ON] and atypical femur fractures places that individual at
risk for a fracture with its own dire consequences, includ-
ing morbidity, loss of independence, and mortality. Given
the very low incidence of ONJand atypical femur fractures
in patients treated with a bisphosphonate for osteoporosis
vs. the marked reduction in risk of fracture associared with
thesc drugs, the risk:benefit ratio clearly favors treating
patients at high risk of fracture, such as those with osteo-
porosis by virtue of a previous hip or spine fracture or
BMD T-scote below —2.5. The National Ostcoporosis
Foundation also recommends treatment based on meeting
FRAX guidelines (10-yr fracture risk of 3% forhipor20%
for any osteoporotic fracture) (97), although the risk:ben-
efit ratio of this approach needs to be further assessed.
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