Long-term risks of
bisphosphonate therapy

Riscos do frafamento a longo prazo com bisfosfonatos

Nelson B. Watts!

ABSTRACT

The objective this study was to summarize long-term risks associated with bisphosphonate
therapy. Search of relevant medical publications for data from clinical trials, trial extensions,
observational studies and post-marketing reports. Trial extensions and modifications did not
reveal significant long-term safety issues. Observational data suggest at least as many benefits
as risks. Post-marketing reports of musculoskeletal pain, osteonecrosis of the jaw and atypical
femur fractures have been widely circulated in the lay press. Most focus on long-terms risks
has been on osteonecrosis of the jaw and atypical femur fractures which occur in patients who
have not received bisphosphonate therapy but may be more frequent (though still uncommon)
in patients who have been on treatment for 5 years or longer. Lower-risk patients may be able
to stop treatment after 3-5 years for a “drug holiday,” which mitigates these long-term risks; for
higher risk patients, therapy through 6-10 years appears to be advisable and offers more bene-
fits than risks. Arq Bras Endocrinol Metab. 2014;58(5):523-9
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RESUMO

O objetivo deste estudo foi resumir os riscos associados ao tratamento a longo prazo com
bisfosfonatos. Foram pesquisadas as publicacoes médicas relevantes incluindo ensaios clini-
cos, extensoes de ensaios clinicos, estudos observacionais e relatorios pds-comercializagao
(vigilancia farmacoldgica). As extensoes e modificagdbes de ensaios clinicos nao indicaram
nenhuma situacdo de alarme quanto a seguranca dos bisfosfonatos a longo prazo. Dados
observacionais sugerem pelo menos tantos beneficios quanto riscos. Entretanto, relatos pos-
-comercializagdo de dor musculoesquelética, osteonecrose da mandibula e fraturas de fémur
atipicas foram amplamente divulgados na imprensa leiga. O foco nos riscos a longo prazo do
tratamento com bisfosfonatos tem sido pincipalmente a osteonecrose da mandibula e as fra-
turas atipicas de fémur. Essas Ultimas, embora mais frequentes (ainda que pouco comuns) em
pacientes que receberam tratamento com bisfosfonatos por 5 anos ou mais, podem ocorrer em
individuos nao tratados com esses medicamentos. Pacientes com baixo risco de fratura podem
potencialmente parar o tratamento depois de 3 a 5 anos (“drug holiday”). Esse procedimento
reduz os riscos desses medicamentos a longo prazo. Nao obstante, nos pacientes de maior
risco a terapia por 6 a 10 anos parece ser aconselhavel e oferece mais beneficios do que riscos.
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INTRODUCTION rotopic ossification, fibrous dysplasia, osteogenesis im-

B isphosphonates were discovered in the mid 1800s
and continue to be used commercially as anti-sca-
ling agents. In the late 1960s they began to be used for
treatment of metabolic bone diseases including hete-
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perfecta, 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 (1). In the Uni-
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ted States, four bisphosphonates are approved for the
prevention and/or treatment of postmenopausal oste-
oporosis, osteoporosis in men and osteoporosis due to
long-term glucocorticoid therapy. Alendronate and ri-
sedronate can be given orally daily, weekly or monthly,
zoledronate is a once-yearly intravenous infusion and
ibandronate can be given either orally (monthly) or in-
travenously (every third month). Bisphosphonates bind
strongly to hydroxyapatite crystals in bone (zoledrona-
te most strongly, risedronate least strongly; alendronate
and ibandronate have intermediate affinity for bone).
Drug that does not bind with bone is rapidly excre-
ted by the kidneys. In the process of bone resorption,
bisphosphonates are released from the bone and enter
the osteoclasts, causing loss of resorptive function and
accelerating apoptosis. There is a rapid and substantial
decrease in bone turnover markers with a maximum
effect in 3-6 months and modest increases in bone den-
sity in the first few years of treatment (3%-5%) that then
plateau. With continued treatment, the new steady sta-
te is maintained for 10 years (2,3) and probably longer.

BENEFITS OF TREATMENT WITH
BISPHOSPHONATES

Bisphosphonates have proven efficacy for prevention of
bone loss due to aging, estrogen deficiency and glu-
cocorticoid use. Three of the four (alendronate, rise-
dronate and zoledronate) have been shown in place-
bo-controlled trials to prevent fractures of the spine,
hip and other non-vertebral sites (4-6). Because of this
“broad-spectrum” antifracture efficacy, bisphosphona-
tes have been the agents of choice for most patients
with osteoporosis. Table 1 shows the current indica-
tions for these agents and the available dosing forms.

SHORT-TERM SIDE EFFECTS

Orally-administered bisphosphonates are usually well
tolerated but may irritate the esophagus and should
not be used by patients who cannot remain upright,
who have active upper gastrointestinal symptoms or
delayed esophageal emptying. Up to a third of patients
receiving their first intravenous dose of zoledronate or
monthly oral dose of ibandronate or risedronate expe-
rience one or more symptoms of acute-phase reactions
(fever, muscle aches etc.) (7-9) but these rarely recur
with repeated administration. Hypocalcemia may occur
but is usually mild and not clinically recognized (10).
Iritis has been described with bisphosphonates (more
with IV than oral) but is rare (< 1 per 1,000).

Although there is no evidence of renal toxicity from
oral bisphosphonates, the only route of elimination is
by the kidneys, so they should be used with caution if
at all by patients with reduced kidney function (alen-
dronate should not be used if GFR < 35 mL/min for
alendronate, risedronate and ibandronate require GFR
of at least 30 mL/min). Renal toxicity may occur with
rapid IV administration of zoledronate; its use is con-
traindicated for patients with creatinine clearance under
35 mL/min (11,12).

LONG-TERM STUDIES WITH BISPHOSPHONATES

Bisphosphonates used in the US were approved ba-
sed on placebo-controlled trials of 3-4 years’ duration.
Several of these studies have been extended, with two
alendronate cohorts followed for 10 years (2,3), rise-
dronate cohorts followed for 4 (13) and 7 years (14)
and zoledronate cohorts followed for 6 years (15). No
new safety concerns have emerged. Although there
have been some concerns about possible oversuppres-

Table 1. Names and indications for nitrogen-containing bisphosphonates in Brazil

Postmenopausal osteoporosis

Glucocorticoid-induced osteoporosis

Name Men
Prevention Treatment Prevention Treatment
Alendronato (Fosamax®, 5 mg daily 10 mg daily 10 mg daily 10 mg daily
Alendil®, generic) 35 mg weekly 70 mg weekly 70 mg weekly
Ibandronato (Boniva®) 150 mg monthly
3:mg IV every third month

Risedronato (Actonel®) 5 mg daily 5 mg daily v V 5 mg daily

35 mg weekly 35 mg weekly 35 mg weekly

150 mg monthly 150 mg monthly 150 mg monthly

Risedronato (generic) 35 mg weekly 35 mg weekly
Zoledronic acid (Aclasta®) 5mg IV yearly 5mg IV yearly 5mg IV yearly 5mg IV yearly 5mg IV yearly
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sion of bone turnover, iliac crest biopsies after up to 10
years of treatment have not shown oversuppression (2).

Since their approval and wide-spread use, a number
of potential safety concerns have been identified but
with no clear cause-and-effect relationship but at least
some evidence of increased risk (albeit rare) with thera-
py of 5 years or longer. These include musculoskeletal
pain, atrial fibrillation (AF), esophageal cancer, osteo-
necrosis of the jaw (ONJ) and atypical femur fractures
(AFF). The latter two have been subject to close scru-
tiny and widespread discussion in the medical literature
and in the lay press.

MUSCULOSKELETAL PAIN

The label for all bisphosphonates lists musculoskele-
tal pain as a potential side effect. The US FDA recei-
ved 117 reports of severe musculoskeletal pain (bone,
joint and/or muscle pain) between 1995 and 2005 in
adults on bisphosphonates (16). Symptoms may occur
at any point after starting bisphosphonate therapy, im-
proved promptly in some patients after discontinuation
of the drug but many patients experienced a gradual
or incomplete resolution of symptoms (16). The me-
chanism for this effect is not known and evidence sup-
porting a causal relationship between musculoskeletal
pain (a common problem in this age group) and bis-
phosphonate use is lacking. At present, the FDA re-
commends instructing patients to alert their physician
if such symptoms occur for consideration of stopping
the medication.

ATRIAL FIBRILLATION

In the HORIZON Pivotal Fracture Trial (PFT), more
subjects had atrial fibrillation (AF) as a serious adverse
event in the zoledronate group (1.3%) compared with
the placebo group (0.5%) (6). It was unclear if this im-
balance was causally related to the medication or simply
a chance finding. This occurrence of AF did not seem
to be associated with the timing of the infusion, the
acute phase reaction following the infusion or any acute
electrolyte imbalance. No increase in the rate of AF was
noted in a smaller and shorter study (17) nor was an
increase in AF noted in the oncology trials of zoledro-
nate, using a dose of zoledronate 10-times higher than
is used to treat osteoporosis.

Retrospective analysis alendronate and risedronate
data do no support an association of atrial fibrillation
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with bisphosphonate use. Several larger observational
studies have been published with mixed results (18-21).
The information currently available does not show a
consistent association and the overall evidence does not
suggest causality — there is no convincing mechanism
to account for this effect, which seems to be indepen-
dent of the dose and duration of therapy. At the present
time, the US Food and Drug Administration (FDA)
recommends that physicians not alter their prescribing
patterns for bisphosphonates while it continues to mo-
nitor post-marketing reports of AF in such patients.

ESOPHAGEAL CANCER

The FDA has received reports of 23 cases of esophage-
al cancer among patients receiving oral bisphosphonate
therapy, described in a letter to the editor by Wyso-
wski and cols. (22). In addition, 31 cases of esophageal
cancer from Europe and Japan have been reported in
patients after using oral bisphosphonates (22). These
report did not provide information regarding risk fac-
tors for esophageal cancer or the expected incidence of
esophageal cancer in this age group (23) and did not
include a control group (24). Two other reports, one
from European national registries and the second from
the US Medicare database, have not shown an increased
risk of esophageal cancer among individuals receiving
oral bisphosphonates compared with those who were
not (25,26). Also, the time from exposure to diagnosis
was brief and hence not consistent with a causal rela-
tionship (27,28). Later reports have not provided addi-
tional clarity (29,30). Although further studies looking
at the potential risk for carcinogenicity are needed, the
current data do not support a causal association betwe-
en oral bisphosphonates and esophageal carcinoma.

OSTEONECROSIS OF THE JAW

In 2003, a letter to the editor reported osteonecrosis
of the jaw (ONJ) in 36 patients with advanced cancer
who were being treated with high doses of intravenous
bisphosphonates (approximately 10 times higher than

the doses used to treat osteoporosis) (31). Subsequent =

reports (32,33) included patients receiving lower doses

of bisphosphonates for treatment of osteoporosis, but, ¢

to date, well over 90% of reported cases have been in
cancer patients. This subject was extensively addressed
by a Task Force of the American Society for Bone and
Mineral Research (34).

525

0s 0s direifos reservadk

ABE&M tod

opyright



os direitos reservados.

Risks of bisphosphonate

This condition has received considerable public expo-
sure which caused misconceptions among medical and
dental professionals as well as the public regarding the se-
riousness and frequency of this condition. Some patients
decided to stop bisphosphonate treatment although they
were at high risk of fracture and low risk of ONJ.

ONJ is a clinical diagnosis: exposed necrotic bone in
the maxillo-facial region, not healing after 6 to 8 weeks
in patients with no history of craniofacial radiation
(34). The bone may be yellow or white, the borders
smooth or ragged. ONJ often follows an invasive pro-
cedure, such as dental extraction, or occurs in patients
with poorly-fitting dentures or bony exostoses. There
may be pain, swelling, paresthesias, drainage, soft tis-
sue ulceration, sinus tracks and loosening of teeth but
many patients are asymptomatic (33). Some lesions
heal slowly or not at all, but healing has been reported
(35) and is probably the rule rather than the exception.
ONJ has been seen in subjects not using bisphosphona-
tes, but the background incidence is not known.

ONJ was not identified prospectively in any of the
clinical trials that included over 60,000 patient-years
in studies for osteoporosis or Paget’s disease (36). Re-
trospective review of records from the HORIZON trial
with IV zoledronate for osteoporosis, 2 cases of ON]J
were identified: one who received zoledronate and one
who received placebo (37). It is estimated that there
have been over 200 million prescriptions in the US for
oral bisphosphonates and over 6 million patients trea-
ted with IV bisphosphonates for cancer world-wide
(38). Epidemiologic data suggest an incidence of ONJ
in oral bisphosphonate users ranging from 1:10,000 to
1:250,000 (34).

A causal link between bisphosphonate use and ON]J
is likely but has not been conclusively established. ONJ
has also been seen in patients receiving high-dose de-
nosumab for treatment of advanced cancer spread to
bone (39). Possible mechanisms include over-suppres-
sion of bone turnover (failure of osteoclasts to remove
diseased necrotic bone) or interference with clearance
of microfilms.

The American Society for Bone and Mineral Re-
search Task Force performed a comprehensive review
(34) and the American Dental Association published
guidelines in 2011 (40). Patients receiving bisphos-

¢ phonates should be informed that there are risks of any

treatment, including a low risk of ON]J with long-term

~therapy. Regular dental visits and maintenance of good

oral hygiene including routine dental cleaning and nee-
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ded restorative procedures are important. Ideally, pa-
tients who need invasive dental procedures should have
procedures done and healing complete before starting
bisphosphonate therapy, if circumstances permit. Pa-
tients already taking a bisphosphonate may elect to take
some time oft therapy, though there is no evidence that
this will improve outcomes.

“ATYPICAL” FEMUR FRACTURES

Although bisphosphonates reduce the rates of fractu-
res due to osteoporosis, reports have suggested a link
between bisphosphonate use and the development
of so called “atypical” insufficiency fractures. Table 2
compares and contrasts “typical” and “atypical” femur
fractures. Proximal femur fractures (hip) due to os-
teoporosis have no warning symptoms, are unilateral
(on the side of a fall), have an acute angle and may
be comminuted. Atypical fractures are often preceded
by weeks of months of prodromal pain in the thigh or
groin, require little or no trauma (Figure 1). Thirty
percent of atypical fractures are bilateral. The location
is in the subtrochanteric region of the femoral shaft.
They are transverse or oblique angle with a medial spike
and little or no comminution. They begin as a localized
periosteal reaction of the lateral cortex. Cortical bone
is unusually thick (and this is not a something that bis-
phosphonates do) and healing is often delayed.

Bone biopsies in such patients often show severely
reduced bone turnover (57), although I have seen a

Figure 1. X-rays showing an impending femoral shaft fracture (A) and a
representative “atypical” diaphyseal femoral fracture with lateral cortical
thickening and a lucency appearing like a “beak” and (B) with thickened
cortices and a medial spike. From (56), ©S The Endocrine Society, used
with permission.

Arq Bras Endocrinol Metab. 2014;58/5



Table 2. Features of typical and atypical femur fractures

Risks of bisphosphonate

Typical femur fractures

Atypical femur fractures

e No warning symptoms

e (aused by a fall

e Unilateral

e Proximal

e Acute angle (femoral neck, intertrochanteric)
e May be comminuted

Prodromal thigh or groin pain

Little or no trauma*

~30% bilateral

Subtrochanteric location™

Transverse/oblique angle, medial spike*

Little or no comminution*

Begin as a localized periosteal reaction of the lateral cortex*
Thick cortices

* Major features; four of five required by the ASBMR Task Force. Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung AM, et al. Atypical subtrochanteric and diaphyseal femoral fractures:
second report of a task force of the American society for bone and mineral research. J Bone Miner Res. 2014;29(1):1-23.

** Location is a requirement.

patient with one of these subtrochanteric fractures
whose iliac crest biopsy was completely normal. Several
retrospective studies have also suggested an association
between bisphosphonate use and atypical fractures (41-
44). The association between long term bisphosphona-
te use and atypical fractures does not prove causality;
additional large-scale studies are needed to further cla-
rify this issue.

POSSIBLE “SIDE BENEFITS” OF
BISPHOSPHONATE THERAPY

Not all the news about long-term bisphosphonate use
is bad. There is evidence from controlled trials and ob-
servational studies that bisphosphonate treatment is as-
sociated with a decreased risk of breast cancer (45-48),
colorectal cancer (49), gastric cancer (50), stroke (51)
and myocardial infarction (52) as well as improved sur-
vival (17,53).

DRUG HOLIDAYS

Bisphosphonates are unique in that the drugs accumu-
late in bone and there appears to be residual benefit in
terms of fracture reduction for some time after a 3 to 5
year course of bisphosphonate treatment (13).

The little data we have suggests that for higher risk
patients, continuing treatment for 6-10 years is better
than stopping after 3-5 years (3,15,54). Although the
“drug holiday” concept has been widely accepted (55),
data are not robust on how long to treat, how long the
holiday should be, when the holiday should be stopped
or effectiveness of treatment after re-starting. The good
news is that a break in bisphosphonate therapy may “re-
set the clock” on ONJ and AFF. I believe there is logic
to support the following scenarios:

Arq Bras Endocrinol Metab. 2014;58/5

1. Fracture risk is mild: bisphosphonate treatment
or 3-5 years, then stop. The “drug holiday” can
be continued until there is significant loss of
BMD (i.e., more than the least significant chan-
ge as determined by the testing center) or the
patient has a fracture, whichever comes first.

2. Fracture risk is moderate: bisphosphonate treat-
ment for about 5 years, offer a “drug holiday”
of 3-5 years or until there is significant loss of
BMD or the patient has a fracture, whichever
comes first.

3. Fracture risk is high: bisphosphonate treatment
for 6-10 years, offer a “drug holiday” of 1-2
years, until there is significant loss of BMD or
the patient has a fracture, whichever comes first.
A non-bisphosphonate treatment (e4., raloxi-
fene, teriparatide) may be offered during the
“holiday” from the bisphosphonate.

It has been suggested that a decrease in BMD or
increase in bone turnover marker (BTM) might be used
to decide when to end a drug holiday, but the risedro-
nate study showed that fracture risk remained reduced
despite what appeared to be unfavorable changes in
these parameters (13). Conversely, there is no evidence
that, off treatment, fracture risk is reduced if BMD is
stable or BTM is low.

CONCLUSIONS

Bisphosphonates offer a safe and effective treatment to =

reduce fracture risk, with evidence for “broad spectrum”
(i.e., spine, hip and non-vertebral) fracture risk reduction
not shown for other available agents. They can be admi-
nistered orally (daily, weekly or monthly) or intravenous-
ly (quarterly or yearly). Since their initial introduction in
the US in 1995, questions have been raised about their
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association with possible side effects (osteonecrosis of the
jaw, musculoskeletal pain, atrial fibrillation, atypical frac-
tures, esophageal cancer) that appear to be rare and may
not be causally related. For most patients with osteopo-
rosis, the benefits of treatment outweigh the risks.

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 anti-fracture benefit for
some time after therapy is stopped. This makes it possi-
ble to consider “drug holidays” — time oft bisphospho-
nate 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 bisphospho-
nate therapy. The duration of treatment and the length
of the “holiday” should be tailored to individual patient
circumstances, including the risk of fracture and the bin-
ding affinity of the particular bisphosphonate used.

Disclosures: stock options/holdings, royalties, company owner,
patent owner, official role: OsteoDynamics, co-founder, stockhol-
der and director. I have received honoraria for lectures from the
following companies in the past year. Amgen, Merck. I have recei-
ved consulting fees from the following companies in the past year:
AbbVie, Amarin, Amgen, Bristol-Meyers Squibb, Corcept, Endo,
Imagepace, Janssen, Lilly, Merck, Novartis, Noven, Pfizer/Wye-
th, Radius, Sanofi-Aventis. Through my Health System, I have
research support from the following companies: Merck, NPS.
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