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Aminobisphosphonates are drugs that have been used successfully in the treatment of osteoporosis for
more than 20 years. Although main registry studies found a scarcity of relevant adverse events, in recent
years and as a result of pharmacovigilance, different complications have been reported, some potentially
serious. This has raised questions on the safety of these drugs, especially in high doses, like those used in
oncology and long-term treatment, as needed in patients with osteoporosis. In this review, based on the
analysis of relevant scientific evidence from clinical trials, case series, cohort studies and databases publis-
hed to date, we summarize the clinical and epidemiological characteristics of the adverse effects of these
drugs.
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Efectos adversos de los bisfosfonatos
RESUMEN
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Los aminobisfosfonatos son farmacos que han sido utilizados con éxito en el tratamiento de la osteoporosis
desde hace mas de 20 afios. Aunque en los estudios principales realizados para obtener la aprobacién de su
comercializacién no se registraron efectos adversos relevantes, en los tltimos afios, y como resultado de la
farmacovigilancia, se ha comunicado de manera irregular una serie de complicaciones, algunas potencial-
mente graves, que han puesto en duda la seguridad de estos farmacos, sobre todo en dosis elevadas como
las que se utilizan en oncologia y en tratamientos de larga duracién, como los que se emplean en la osteo-
porosis. En la presente revision, basada en el andlisis de las pruebas cientificas mas relevantes procedentes
de los ensayos clinicos, series de casos, estudios de cohortes y bases de datos publicados hasta el momento,
se resumen las caracteristicas clinicas y epidemiolégicas de los efectos adversos de los bisfosfonatos.

© 2010 Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

central atom is oxygen, they have a bridge carbon atom that provides
resistance to gastrointestinal enzymatic hydrolysis. In addition, the

Bisphosphonates (BPs) are bone resorption inhibitor drugs whose
chemical structure is relatively simple, as they are formed by two
phosphate molecules attached to a carbon atom. They are synthetic
analogues of inorganic pyrophosphate but unlike those, whose
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two carbon radicals not bound to phosphate are able to link chains of
variable structure, which are directly related to affinity for bone and
antiresorptive activity of each molecule."? Adding an amino group
to one of the chains has allowed the synthesis of more potent BPs,
which can be used orally by being administered weekly or monthly
(alendronate, risedronate and ibandronate) or intravenously
(pamidronate, ibandronate and zoledronate).

Their useinosteoporosis was notably increased from 1995 onwards,
when alendronate-the first orally active aminobisphosphonate
(ABP)-was approved, although in reality they have been used
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clinically for more than 40 years. Currently, they are the reference
drugs for osteoporosis and Paget’s disease treatment, and are starting
to be used widely in oncology. Their widespread use has played a
positive role on overall health, as BPs acting together with other non-
pharmacological measures have been included among the potential
causes for the progressive decrease in hip fracture incidence, which
started at the end of the last century.>#

Although BPs have shown a good safety profile in the main clinical
trials carried out to approve their commercialisation, different
complications have arisen in the last few years. These complications,
observed in clinical practice, have caused uncertainty regarding the
safety of these drugs, which fully justifies this review.

Action mechanism of bisphosphonates

At present ABPs are the most commonly used in clinical practice,
as they have an extraordinary avidity for divalent cations such as
Ca++, causing them to be quickly captured from the bloodstream by
mineral surfaces under resorption by osteoclasts.’ These cells are the
main target of their pharmacological action; they internalise the drug
by endocytosis and experience enzyme inhibition in the mevalonate
pathway-farnesyl pyrophosphate synthase-necessary for isoprenoid
formation. These lipid compounds are necessary for the post-
translational modification of a series of proteins, including guanosine
triphosphatases, whose action on vesicle trafficking and osteoclast
ruffled border formation is interrupted. In addition to stopping the
above-mentioned metabolic pathway, there is an accumulation of
certain precursors, especially isopentenyl pyrophosphate, a product
capable of activating a subclass of T lymphocytes, called gamma-
delta (y8) T cells, performing immunoregulatory actions of interest
in oncology.

Osteoclasts that have “swallowed” the BP located in the
mineralized area suffer a loss of their resorptive function. In diseases
such as post-menopausal osteoporosis, characterised by an altered
remodelling balance where resorption predominates, this resorptive
loss will produce an equilibrium that reaches values similar to those
common in pre-menopausal women. We still do not clearly know
the fate of osteoclasts “attacked” by BPs. We have recently seen that
the number of these cells does not decrease, contrary to what was
previously believed, and that their size increases.® The significance
of these findings is not known; however, the functional capacity of
these giant osteoclasts is seriously affected and they are unable to
exert their physiological action.

Adverse effects (Table 1)
Gastroesophageal adverse effects

Shortly after oral BPs were introduced in osteoporosis treatment,
adverse effects associated with gastroesophageal mucosa irritation,
such as nausea, vomiting and dyspepsia, were observed. The
appearance of several cases of oesophagitis and oesophageal erosions
in pharmacovigilance studies’ brought about the generalisation of
preventative measures to reduce the risk of these complications
(taking the drug with a 180-240 ml glass of water in an upright
position and avoiding lying down until 30 min had elapsed and
breakfast had been eaten). Such measures caused their incidence
to dramatically decrease.® Currently, 15 years since alendronate
commercialisation, and after the introduction of other ABPs into
clinical practice, the accumulated scientific studies indicate that the
risk of digestive adverse effects is low. However, a slight increase
in gastroduodenal ulcer (odds ratio=1.45, CI 95%: 1.31-1.61) and
oesophageal events (odds ratio=1.86, CI 95%, 1.49-2.32) has been
reported in patients without prior gastroesophageal pathology,
with no significant differences between the various products
marketed.>"

Table 1
Classification of the adverse effects of bisphosphonates

1. Extraosseous adverse effects
Gastroesophageal
Ocular
Renal
Hypocalcaemia
Acute phase response
Atrial fibrillation
Pregnancy and lactation
Miscellany

N

. Adverse bone effects
Musculoskeletal pain
Over-suppression remodelling
Atypical fractures
Osteonecrosis of the jaws

In 2009, the FDA reported a series of 23 cases of oesophageal
cancer in patients treated with alendronate.? A national Danish
registry analysis surprisingly showed a lower incidence rate in the
control population.” Solomon' confirmed these results in observing
an oesophageal cancer rate of 0.27/1,000 in Medicare beneficiaries
who followed BP treatment, compared to a rate of 0.48/1,000 in
patients treated with other anti-osteoporotic drugs. These results
were surprising as the profile for irritative effects of the oesophageal
mucosa in BPs could be a factor that would increase the risk, instead
of reducing it. Currently, we suspect that there is a selection bias that
could influence in a certain way according to the methodology used.
On the one hand, patients with a history of dyspepsia or reflux would
have less probabilities of using BPs and, on the contrary, those using
them would have higher probabilities of having an endoscopy, which
would increase the cancer diagnosis rate. However, while waiting
for more conclusive studies, it is advisable to take precautions in
patients with gastroesophageal pathology, as they were excluded in
the clinical trials carried out.

Based on the previous considerations, we can conclude that
the presence of a recent upper gastrointestinal bleeding history,
documented history of active peptic ulcer or Barrett’s oesophagus
constitutes a contraindication for the use of BP orally. In addition
to oesophageal motility disorders (stricture, achalasia and
scleroderma), gastric or oesophageal varices or gastroesophageal
reflux disease should be considered as relative contraindications and
other alternative therapies should be assessed. Finally, if a patient
develops dyspepsia related to BP, intravenous application or change
of molecule is advised, as continuous proton pump inhibitor use is
not recommended because it increases the risk of fractures.’

Ocular adverse effects

Conjunctivitis is the most common ocular adverse effect, although
its real incidence is very low.'"” It generally responds very quickly
to topical treatment, even if the drug is continued. However, it is
wiser to withdraw the drug, even if only temporarily. Some cases of
unspecific conjunctivitis probably have an indirect relationship to BPs
that the majority of soaps contain, after contact in personal hygiene
use. In any case, conjunctivitis is generally mild and transient, even
without treatment.

Another complication that is less frequent but potentially more
serious is uveitis.'®-?’ [ts incidence is very low, between 2 and 5 cases
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per 10,000 patients treated. Its location is generally anterior, although
a single case of posterior uveitis has been described. Its appearance
is very variable, with an average 70 days after the start of drug
treatment (between 1 and 146) and its incidence is greater in patients
treated with intravenous ABPs. It has an unknown pathology, and it
has been related to acute phase response provoked by the release
of IL-6 by activated y& T lymphocytes. An increased susceptibility
to uveitis has also been seen in patients with associated diseases,
such as spondyloarthropathies, Behcet’s syndrome, Wegener’s
granulomatosis or sarcoidosis, and/or who follow treatment with
certain drugs, where BP would act as a precipitating factor.

Over the last 17 years, since the publication of the first case of
iritis,?® there have been isolated clinical cases related to BP with
a variety of ocular disorders different from conjunctivitis and
uveitis: periorbital oedema,? retinal detachment,*® transient ocular
myasthenia,*! optic neuritis*? and so forth. Sometimes the association
is not well demonstrated and it could be an intercurrent problem not
related to the drug. In any case, the clinician should act cautiously
with any ocular problem that occurs during BP treatment.

Renal toxicity

Renal toxicity is rare in osteoporosis patients treated with oral BPs
and the cases published are anecdotal.>* However, we cannot say the
same about oral BPs used in patients with renal failure, as in clinical
trials undertaken this process was one of the reasons for exclusion.
According to the FDA, they should be used with caution in patients
with creatinine clearance lower than 30 ml/min and we do not have
BP usage guidelines for patients with pre-existent chronic kidney
disease.

The majority of published renal toxicity cases were reported with
the use of intravenous BPs.3*3¢ The most commonly described patterns
were acute tubular necrosis and focal segmental glomerulosclerosis.
Their real incidence is unknown, although there are various factors
that increase the risk of toxicity*”: pre-existing chronic kidney disease,
diabetes mellitus, hypertension, multiple myeloma, hypocalcaemia,
chemotherapy and previous treatment with a BP.3® If any of these
processes is present, intravenous BP should be used with caution and
should even be contraindicated in certain cases. In addition, we must
take into account other renal enhancing risk factors, such as the total
cumulative dose, infusion rate and the interval between doses

Taking into account that BPs are frequently used in elderly people,
where the incidence of serious commitment of renal function is
relatively common (up to 54% in patients with osteoporosis who
are over 80 years old), it is advisable to carry out renal function
controls before and during oral BP treatment.>* We should also take
precautions in patients submitted to intravenous treatment.

Hypocalcaemia

Aminobisphosphonates are potent inhibitors of bone resorption.
As a consequence, ABPs can provoke a decrease in circulating
calcium levels, especially if high concentrations are abruptly
reached, as occurs when they are administered intravenously.
Symptomatic hypocalcaemia incidence is frequent in patients
treated with intravenous zoledronate,*’ especially in doses and
indications for oncology.*' This occurs even if proper prophylactic
administration of calcium and vitamin D is carried out. This
adverse effect is more frequent in patients with risk factors such
as previous hypoparathyroidism, vitamin D deficiency and kidney
failure. Precautions and post-infusion controls should be taken with
these patients. In patients treated with oral BPs, hypocalcaemia is
rare and can be seen weeks after the start of treatment.*>* As a
compensatory mechanism, there is an increase in PTH secretion,
which could decrease the effects of BP on bone; we should
consequently be sure that there is an proper intake of calcium and

normalise or correct any vitamin D deficiency in all patients before
and during treatment.

Acute phase response

Acute phase response (APR) is a reaction that has been known
about for more than 20 years,* which occurs in some patients that
start ABP treatment.* Clinically, it is characterised by an acute and
transient set of symptoms of fever and myalgias that lasts between
1 and 3 days (occasionally up to 7-14 days); the symptoms respond
to paracetamol and are cured with no sequelae. The APR reaction is
relatively common after the first intravenous preparation infusion
(variable incidence, estimated between 10% and 30%), and its
occurrence is dramatically decreased in subsequent infusions. It has
also been very rarely reported with oral ABPs on weekly and monthly
doses, but never with patients treated with non-ABPs (etidronate,
clodronate and tiludronate).

The APR mechanism has been partially clarified and seems to
be related to the release of tumour necrosis factor alpha and IL-6.
However, we still do not know the type of effector cells that release
these cytokines and the basal process that causes this response. It is
known thaty§ T cells participate in a primary innate immunity, playing
an important role in the activation of dendritic cells and their capacity
for antigen presentation.”” They can also be activated by non-peptide
antigens,* among which are natural or foreign phosphoantigens,
and also by the accumulation of intermediate metabolites in the
mevalonate pathway,* especially isopentenyl pyrophosphate (IPP).
When BPs act on this pathway through farnesyl pyrophosphate
synthase inhibition, they induce raised IPP production, which is
a potent activator of y3 T cells. After activation of this subclass of
T lymphocytes, the dendritic cells mature, which increases their
migratory activity; there is upregulation of chemokine receptors and
this finally triggers a Th1 immune response.* This specific ABP action
has been offset by HMG-Co A reductase inhibitors in experiments
in vitro,”**? although atorvastatin did not reduce its incidence in a
study in children treated with intravenous ABP.>* Recently, in a small
sample of patients treated with intravenous zoledronate,> there was
an inverse relationship between APR frequency and levels of 25-OH
vitamin D3. The pathogenetic and practical scope of this is unknown,
but should be investigated in larger series.

Atrial fibrillation

The first observation of this surprising adverse effect occurred
when analysing the results of a major clinical trial with zoledronate,
administeredintravenously onceayearforosteoporosistreatment-the
HORIZON study.>> The patients who received the active drug showed
an incidence of atrial fibrillation (AF) defined as “serious” (episode
that causes hospital admittance or significant morbidity), higher
than that of the placebo group (absolute risk: 1.3% against 0.5%;
P<.001), although the overall incidence was no different between
the two groups. Upon observing this finding, various studies were
set up to try and clear up its importance. In a retrospective analysis>®
of the main clinical trial for alendronate (Fractures Intervention
Trial), an insignificant statistical increase was seen of the incidence
of “serious” AF in the group treated with alendronate (RR=1.51, with
a CI195% of 0.97-2.40).

In an observational study carried out in Denmark,”” where a
sample of about 13,000 patients with AF was included with more
than 60,000 controls, the authors did not see a significant AF
risk related to oral BPs (specifically etidronate and alendronate).
However, in a smaller-scale study of cases and controls®® carried out
in the United States that focused on only alendronate, there were
differences quantified in an incidence of 6.5% in patients treated
with oral alendronate compared to 4.1% in the control group; this
adjudicated a relative risk expressed as a odds ratio of 1.86 (1.09-
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3.15). A possible explanation of the HORIZON events is that AF was
produced by pro-inflammatory cytokine release (in a way similar to
flu-like symptoms) or by transitory hypocalcaemia after the infusion.
However, a later analysis of the facts showed that the majority of
AF cases occurred several months after the infusion and the ECGs
performed on 559 patients before and 11 days after showed no
difference between the groups.”® Currently, while awaiting more
complete data, the FDA has indicated that it considers the AF risk
with BP is very low, if it exists, and the benefits of treatment clearly
outweigh the risks.%° Given that the overall incidence of episodes
does not differ from that in the placebo group and differences have
only observed in the appearance of serious episodes, it is suspected
that BPs do not trigger AF but could aggravate a pre-existent disorder.
This is why we advise extreme vigilance in patients at risk and a
radial pulse control should be undertaken before prescribing BP
and during clinical follow-up (and if this is irregular, an ECG should
be performed). It is not necessary to modify the rest of the current
clinical practice patterns.

Musculoskeletal pain

Although this was a known fact by clinicians and had been
published in some series,5'6? the appearance of this adverse effect
did not take on a relevant role until 2008, when the FDA® published
a warning indicating the possibility that bone, joint and/or muscular
pain could appear in patients treated with BP, which could be
occasionally incapacitating. Symptom onset begins in a very variable
manner, from the first days of treatment to months or even years
afterwards. Drug withdrawal is usually enough to control the
pain; although in some patients recuperation is slow , it is rarely
incomplete.5? This adverse effect should not be confused with acute
phase response, where (in addition to arthromyalgia) there are also
some other flu-like symptoms, such as shivering and fever, that
completely disappear after two or three days even if treatment is
continued.

Musculoskeletal pain has been described with alendronate and
risedronate, with a very low incidence, but unknown until now. It
is more frequent with weekly doses and much rarer with daily ones,
which suggests that the treatment with low daily doses initially could
“sensitise” the patient and avoid the appearance of pain.®* However, a
recent study carried out by researchers at the Mayo Clinic,** where a
numerous cohort of patients was included, did not show a significant
increase of musculoskeletal pain related to BP. This was after taking
into account the numerous confusing factors that could influence the
appearance of a symptom so prevalent in the target population of
these drugs.

Despite the fact that data reported are confusing, we should
be careful when pain appears in patients treated with BP. Many
pathogenic factors can arise and they should be controlled. For
example, various cases of synovitis associated to BP use have been
described®%¢ and a case of polyarthritis®” has been confirmed with re-
exposition to the drug. Patients with vitamin D deficiency submitted
to BP treatment can frequently suffer from concomitant osteomalacia
that presents with pain and can worsen if not treated with sufficient
doses of vitamin D. Finally, the appearance of acute pain in the
thighs could be the initial symptom of a femur stress fracture that
could evolve into a shaft fracture if proper measures are not taken.
Consequently, the appearance of recent-onset musculoskeletal pain
in patients treated with BP is a rare but relevant event, which should
be taken into account for the necessary diagnostic and therapeutic
measures to be taken.

Atypical fractures of the femoral shaft

The first cases were published in 2005.% In this article, there was a
series of 9 non-selected patients who had been treated or were having

long term treatment with alendronate. The histomorphometric
study showed a marked suppression of bone formation on trabecular
surfaces, with a very small number of osteoblasts and matrix
synthesis markedly reduced. This alteration was evidenced by the
virtual disappearance of the lines double marked with tetracycline
in all patients. Osteoclastic surfaces and surfaces of erosion were
also well below normal. There were similar findings in endocortical
and intracortical surfaces. This histological pattern of “severely
suppressed bone turnover” was similar to that observed in the
adynamic bone disease that occurs in some patients undergoing
prolonged haemodialysis.®

Since then there have been various isolated cases and a series of
cases from retrospective studies,’> which were characterised by
frequent pain in the thigh before fracture; this suggests that they
could be preceded by stress fissures whose cure was decreased due to
the low exchange.” In addition, we identified a specific radiographic
pattern characterised by hypertrophic corticals, which was also seen
in the contralateral femur in some cases.” The fracture line was
transverse or oblique (Figure) in contrast to oligo-traumatic shaft
fractures occurring in elderly, which are usually spiral and chipped.
However, the incidence of this possible BP treatment complication is
very low, estimated at 7.8 per 100,000 people per year for patients
over 60 years old. These results were confirmed in a recent analysis
combined with the FIT, FLEX and HORIZON clinical trials, with
no relevant significant increase being confirmed in any of the 3
studies.”

We can conclude that femoral shaft fractures related to BP are very
rare and do not affect the known benefit-risk relationship of these
drugs when used in patients with established osteoporosis. However,
clinicians should take care when pain appears in the thighs during
long-term treatment, and should perform x-rays to rule out stress
fractures. Although more studies are necessary to definitely clear up
the problem, we also consider it wise to suspend treatment if there
is an atypical femoral fracture and assess the prescription of all other
drugs, as well as anabolic therapies.

Osteonecrosis of the jaws

Since the FDA received the first reports in 2002 on osteonecrosis
of the jaw (ON]J) in cancer patients treated with ABP,’® the number
of articles published in medical journals”# and also in general
newspapers has increased exponentially and its social impact has
transcended the specialized environment, making it difficult to
make decisions based on the reality of scientific tests. In 2007,
a working group set up by the American Society for Bone and
Mineral Research defined ON]J as the “the presence of an exposed
bone in the maxilo-facial area that does not cure after 8 weeks of
being identified by a health professional, in a patient who follows
treatment or is exposed to BPs and has not received radiotherapy
in the area.” The group also pointed out that the incidence of this
adverse effect is rare in patients with osteoporosis and Paget’s
disease, being between 1/10,000 and1/100,000 patients per year of
treatment. Although having a definition contributed to focusing on
the problem, the inclusion of BP as a compulsory fact is a mistake
from the epidemiological point of view, as the risk factor is included
(that is, the BP) as a requirement for the outcome. This problem,
added to the previous absence of a specific ICD-9 code, has kept
the incidence of the non-exposed subjects from being known, an
essential fact to really know the impact of drug exposition.?* In
cancer patients treated with high intravenous BP doses, the risk
is much more evident, with a much more variable incidence being
estimated as summarised in Table 2.

We find ONJ more often in the jaw (65% of cases) and two thirds
of patients have a history of tooth extraction, implant or other type
of oral surgery, with the rest of cases being due to spontaneous
appearance. The onset of symptoms is usually insidious, with little
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Figure. Characteristic radiographic pattern of an atypical femoral diaphysis fracture in a 70-year-old female treated with long-term aminobisphosphonates.

or no pain, although as time goes by there is usually pain in the area
and even general manifestations such as fever and general symptoms
that are difficult to control.8? The exact factors for developing ONJ
are unknown, but in published series a greater incidence is observed
in patients with periodontal disease or bad oral hygiene, lack of
teeth and repeated local trauma due to badly fitting prostheses.
The presence of advanced neoplasms and oncological treatments,
including corticoids, without a doubt constitute factors that should
be taken into account to assess ON] risk and to establish proper
preventative measures. As for associated drugs, some characteristics

such as antiresorptive potency (zoledronate is the most potent and
the one with which more cases have been described) and long-term
treatment, are associated with an increase in risk.s?

The diagnosis is carried out with a visual inspection, observing
lesions that could be lytic, sclerotic or mixed and could spread to
adjacent soft tissues, frequently associated with super-infection.
A simple x-ray generally provides little information and it is
necessary to carry out other studies, such as magnetic resonance and
gammagraphy, to confirm the existence of ONJ and assess its spread
and characteristics. It is essential to rule out other processes that

Table 2

Incidence of osteonecrosis of the jaw associated with bisphosphonates
Drug Indication Type of study No. Cases, % Reference
BP IV MM Descriptive 554 6 Hoff, 2008%
BP IV MM Descriptive 80 28 Boonyapakorn, 20082
BP IV MM Cohorts 1,621 8.5 Vahtsevanos, 2009%
BP IV Breast cancer Cohorts 1,621 3.1 Vahtsevanos, 20097
BP IV Breast cancer Descriptive 75 53 Walter, 2009%
BP IV Prostate cancer Cohorts 1,621 49 Vahtsevanos, 2009
BP IV Prostate cancer Clinical trial 60 18.3 Aragon-Ching, 2009%
BP IV Breast, colon and renal cancer Descriptive 3,560 0.9-2.4 Guarneri, 2010"°
BP IV Osteoporosis Descriptive 622 0 Jung, 2010™!
Oral BPs Osteoporosis Postal survey 8,572 0.1 Lo, 201012
Oral BPs Osteoporosis Postal survey 0.01-0.04 Mavrokokki, 2007'%
Oral BPs Osteoporosis Descriptive 208 4 Sedghizadeh, 20091

BP indicates bisphosphonate; IV, intravenous; MM, multiple myeloma; N, number of cases.
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could cause similar symptoms, when dealing with bone radionecrosis
in patients who have undergone head and neck radiation therapy and
dealing with jaw metastases.®

The pathogeny of ON]J is unknown. One of the theories involved,
derived from BP antiresorptive capacity, suggests that an excessive
suppression of the remodelling would cause microfractures, osteocyte
apoptosis and necrosis of the matrix.8¢ The alveolar bones are places
of high turnover, where (at least in theory) large quantities of BPs
will be deposited, especially if used in high doses and/or for long
periods. In the jaws of dogs treated with zoledronate, suppressed
cortical remodelling and accumulation of non-viable osteocytes
have been observed, with areas of necrosis of the matrix. These are
findings that could contribute to delay in healing and development
of infections after tooth extraction.?’” Other mechanisms that have
been considered would be the effects of BPs on keratinocytes®® and
on angiogenesis.®® In a Murine model® developed recently that quite
closely mimics the clinical and histopathological picture that occurs
in humans with myeloma treated with high doses of intravenous BP,
it has shown that antiresorptive synergistic action with the formation
of multinucleated giant osteoclasts, and antiangiogenic drugs may be
responsible for the appearance of lesions. This is a process enhanced
by combination therapy with immunosuppressants and cytostatics.
The development and study of this first animal model could provide
the keys to the pathogeny and treatment that will allow an approach
to the complication.

Currently, a great number of scientific societies and regulatory
agencies have created their own recommendations that generally
coincide in their basic aspects. The Spanish Agency for Medications
and Health Products recommends in its information sheet 2009/10°
some preventative measures that will be stratified according to
patient risk and that are summarised below:

1.1t is important to decide to start BP treatment once the benefits
(prevention of fractures due to bone weakness) and individual
patient risks are assessed, taking into account that it is normally
a long-term treatment, a situation that could be a risk factor for
ON].

2. The recommendations in the current clinical guides published by
the respective CC health services and scientific societies should be
taken into account.

3.0nce the need for BP treatment is decided, the following
preventative dental measures should be undertaken:

- An initial assessment of the patient’s oral health state and
regular dental revisions should be carried out. Patients should
also go to the dentist as soon as any symptoms, such as oral
pain or inflammation, occur.

- When dental interventions are necessary, these should be as
conservative as possible (maintaining the piece).

- If extractions or invasive procedures are needed, it is
recommended that the dentist refer the patient to centres that
are experienced with this type of patients.

- Patients who develop ON]J should receive the appropriate
treatment by professionals with experience in this patho-
logy.

4.So that these recommendations can be effectively applied, it
is essential that local Guidelines and Protocols be developed
and shared by the different areas and care levels involved in the
patient’s follow up.

These recommendations are useful and based on common sense.
However, they do not respond to some specific relevant aspects for
clinical practice. The first of these is whether BP treatment should
be stopped. Although there are no scientific tests that indicate that
drug withdrawal improves process evolution, it is wise to opt for

the potentially safest option, which would be drug withdrawal and
assessing the possible indication of another treatment. In the case
of non-neoplastic osteoporosis, this could be an anabolic or mixed
action PTH (such as strontium ranelate), drugs that have a different
action from BPs and that have not had any recorded ON]J cases up to
now. In patients without ONJ who are going to undergo an invasive
dental procedure such as an extraction or implant, the decision is less
clear. Some authors recommend drug suspension for several months
before and starting it up again several months after the surgical
wound has healed. In this way the remodelling would be partly
recovered and the ON] risk would be reduced. However, we also lack
scientific tests that can vouch for this decision and the protective
mechanism invoked is not sustainable as the BPs remain for long
periods in the bone tissue, maintaining their antiresorptive capacity.
The decision to temporarily suspend BP, in the opinion of these
review authors, should belong to the doctor, who will assess the risk
of fracture or neoplastic disease progression, and the consequences
of the withdrawal. Another aspect that has caused controversy is the
use of ON]J risk markers in making decisions. It has been proposed
that values above the pre-established threshold of CTX (C-terminal
telopeptide of procollagen type I) are associated to a greater risk of
ON]J.”293 However, determination of this marker is subject to biological
variability, which depends on various factors; its levels are generally
low in patients treated with BP and with other antiresorptive agents,
who are never going to develop ON]J.** These facts, added to the lack
of scientific tests vouching for this determination as a guideline to
suspend or maintain the treatment, reasonably advise against its use
in clinical practice.

Pregnancy and lactation

The safety of BPs in pregnancy and lactation has not been
sufficiently studied because the majority of patients treated are at a
postmenopausal stage. However, there is the possibility of prescribing
them to fertile women (pre-menopausal osteoporosis of any nature,
osteogenesis imperfecta, etc.), which is why the precise situation of
this problem should be known.

It is not known whether there is transplacental passage of BP or
whether it affects fertility. Up until now, and in therapeutic doses,
teratogenicity has not been observed in humans or animal models,
although one study showed a reduction in bone growth and foetal
weight in rats exposed to BP during pregnancy.'> Several cases of
BP use in pregnant women have been reported where transient
hypocalcaemia occurred in the newborn without clinical relevance.'®6
Lastly, there have been no reports of BP passing to the maternal milk'”
and no adverse effects have been seen during this period, although
the studies are very scarce and should therefore be used with caution.
The FDA classifies BPs in the Group C risk group (textually defined
as: “we do not have information on humans but a risk has been
observed in studies carried out with animals or such studies have not
been carried out”). However, EULAR recommends their withdrawal
six months before the pregnancy (with an evidence level 4), which
establishes the need to use safety protocols in pre-menopausal
women, in a manner similar to that used with methotrexate and
drugs with a similar profile.'%®

Miscellany

Slight cutaneous reactions have been reported, such as rash or
itching, which occur with a frequency similar to that seen with
antibiotics and stop without side effects upon drug withdrawal.
However, cases of serious processes such as Stevens-Johnson
syndrome are very rare.'” There have also been isolated cases of
mild hepatotoxicity"®!"! that ceases after the drug is withdrawn
and are characterised by a slight increase in transaminases at
the start of treatment. In large databases, a collection of various
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adverse effects produced anecdotally have been collected (asthenia,
headache, vertigo and dysgeusia) and it is very doubtful that they
are attributed to BP."12113

Conclusions

The general profile of BP safety is acceptable and its adverse
effects are usually mild. However, in the last few years and because
of pharmacovigilance and analysis of state databases, a series of
complications related to these drugs have been reported. These
could be serious and knowledge about them on the part of clinicians
is essential to make proper decisions in each case.

Gastrointestinal adverse effects are frequent although they
rarely constitute a reason to withdraw treatment. However, in cases
where problems persist after checking that the BPs are being taken
correctly, the prescription of long-term antisecretories should be
avoided due to their negative bone mass effect and incidence of
fractures. In addition, a change of the way the BP is administered or
its therapeutic class should be considered. Acute phase reaction, the
most common adverse effect related to intravenous BPs, responds
well to paracetamol and tends to disappear with subsequent
infusions. We must also remember the need to ensure a good supply
of calcium and vitamin D to avoid post-transfusion hypocalcaemia,
especially in patients at risk. Other effects such as musculoskeletal
pain, kidney damage and hepatotoxicity are very rare and would
rarely cause drug withdrawal.

The two most controversial side effects are currently osteonecrosis
of the jaw and atypical fractures of the femoral shaft. Although the
pathogeny of these processes is not known, it is necessary to take
precautions in both cases, especially in high risk patients. Likewise,
BPindication should be carefully assessed, avoiding its administration
if the risk of fracture is not high and assessing its withdrawal or
temporary suspension after 5 years of treatment.

Conflict of interest

The authors declare no conflict of interest.

References

—_

. Arboleya L. Bisfosfonatos. In: Arboleya L, Pérez Edo L, editors. Manual de enfer-
medades 6seas de la Sociedad Espafiola de Reumatologia. 2nd ed. Madrid: Edito-
rial Médica Panamericana; 2010. p. 319-30.

. Miller P. Bisphosphonates. In: Marcus R, Feldman D, Nelson DA, Rosen CJ, editors.
Osteoporosis. 3rd ed. Burlington: Elsevier Academic Press; 2008. p. 1725-42.

. Brauer CA, Coca-Perraillon M, Cutler DM, Rosen AB. Incidence and mortality of
hip fractures in the United States. JAMA. 2009;302:1573-9.

. Abrahamsen B, Vestergaard P. Declining incidence of hip fractures and the extent
of use of anti-osteoporotic therapy in Denmark 1997-2006. Osteoporosis Int.
2010;21:373-80.

. Roelofs AJ, Thompson K, Gordon S, Rogers M]. Molecular mechanisms of action of
bisphosphonates: current status. Clin Cancer Res. 2006;12:6222-30.

. Weinstein RS, Roberston PK, Manolagas SC. Giant osteoclast formation and long-

term oral bisphosphonate therapy. N Engl ] Med. 2009;360:53-62.

De Groen PC, Lubbe DF, Hirsch LJ, Daifotis A, Stephenson W, Freedholm D, et al.

Esophagitis associated with the use of alendronate. N Engl ] Med. 1996;335:1016-

21.

. Ficha técnica de Fosamax. Available from: http://www.msd.es/content/hcp/pro-

ductos/ft/ft_fosamax_10_es.pdf.

Vestergaard P, Schwartz K, Pinholt EM, Rejnmark L, Mosekilde L. Gastric and

esophagus events before and during treatment of osteoporosis. Calcif Tissue Int.

2010;86:110-5.

10. Bobba RS, Beattie K, Parkinson B, Kumbhare D, Adachi ]D. Tolerability of different
dosing regimens of bisphosphonates for the treatment of osteoporosis and ma-
lignant bone disease. Drug Saf. 2006;29:1133-52.

11. Cadarette SM, Katz JN, Brookhart MA, Sturmer T, Stedman MR, Levin R, et al.
Comparative gastrointestinal safety of weekly oral bisphosphonates. Osteoporos
Int. 2009;20:1735-47.

12. Wysowski DK. Reports of esophageal cancer with oral bisphosphonate use. N
Engl ] Med. 2009;360:89-90.

13. Abrahamsen B, Eiken P, Eastell R. More on reports of esophageal cancer with oral

bisphosphonate use. N Engl ] Med. 2009;360:1789.

N

w

S

w

[=2]

~

oo

©

—_

20.

21.

22.

24,

25.

26.

27.

28.
29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

4.

Solomon DH, Patrick A, Brookhart MA. More on reports of esophageal cancer
with oral bisphosphonate use. N Engl ] Med. 2009;360:1790-2.

. De Vries F, Cooper AL, Cockle SM, Van Staa TP, Cooper C. Fracture risk in patients

receiving acid-suppressant medication alone and in combination with bisphos-
phonates. Osteoporos Int. 2009;20:1989-98.

. French DD, Margo CE. Postmarketing surveillance of uveitis and scleritis with

bisphosphonates among a national veteran cohort. Retina. 2008;28:889-93.

. Aurich-Barrera B, Wilton L, Harris S, Shakir SW. Ophthalmological events in pa-

tients receiving risedronate: summary of information gained through follow-up
in a prescription-event monitoring study in England. Drug Safety. 2006;29:151-
60.

. Malik AR, Campbell SH, Toma NMG. Bilateral acute anterior uveitis after alendro-

nate. Br ] Ophthalmol. 2002;86:1443.

. Fraunfelder FW, Fraunfelder FT, Jensvold B. Scleritis and other ocular side effects

associated with pamidronate disodium. Am ] Ophthalmol. 2003;135:219-22.

El Saghir NS, Otrock ZK, Bleik JH. Unilateral anterior uveitis complicating zoledro-
nic acid therapy in breast cancer. BMC Cancer. 2005;5:156.

Leung S, Ashar BH, Miller RG. Bisphosphonate-associated scleritis: a case report
and review. South Med J. 2005;98:733-5.

Benderson D, Karakunnel , Kathuria S, Badros A. Scleritis complicating zoledronic
acid infusion. Clin Lymphoma Myeloma. 2006;7:145-7.

. Kilickap S, Ozdamar Y, Altundag MK, Dizdar O. A case report: zoledronic acid in-

duced uveitis. Med Oncol. 2008;25:238-40.

Tabbara KF. Nodular scleritis following alendronate therapy. Ocul Immunol Infla-
mm. 2008;16:99-101.

Colucci A, Modorati G, Miserocchi E, Di Matteo F, Rama P. Anterior uveitis com-
plicating zoledronic acid infusion. Ocul Immunol Inflamm. 2009;17:267-8.
Muifioz Ortego ], Carbonell Abello J. Ocular toxicity, bisphosphonate and Paget
disease. Med Clin (Barc). 2009;133:198.

Tan YL, Sims ], Chee SP. Bilateral uveitis secondary to bisphosphonate therapy.
Ophthalmologica. 2009;223:215-6.

Siris ES. Bisphosphonates and iritis. Lancet. 1993;341:436-7.

Procianoy F, Procianoy E. Orbital inflammatory disease secondary to a single-
dose administration of zoledronic acid for treatment of postmenopausal osteo-
porosis. Osteoporos Int. 2010;21:1057-8.

Dasanu CA, Alexandrescu DT. Acute retinal pigment epithelial detachment secon-
dary to pamidronate administration. ] Oncol Pharm Pract. 2009;15:119-21.

Raja V, Sandanshiv P, Neugebauer M. Risedronate induced transient ocular myas-
thenia. ] Postgrad Med. 2007;53:274-5.

Seth A, Anderson DP, Albiani DA, Barton JJ. Orbital inflammation and optic neu-
ropathy with zoledronic acid for metastatic prostate cancer. Can ] Ophthalmol.
2009;44:467-8.

Miura N, Mizuno N, Aoyama R. Massive proteinuria and acute renal failure after
oral bisphosphonate (alendronate) administration in a patient with segmental
glomerulosclerosis. Clin Exp Nephrol. 2009;13:85-8.

Rosen LS, Gordon D, Kaminski M, Howell A, Belch A, Mackey ], et al. Long-term
efficacy and safety of zoledronic acid compared with pamidronate disodium in
the treatment of skeletal complications in patients with advanced multiple mye-
loma or breast carcinoma: a randomized, double-blind, multicenter, comparative
trial. Cancer. 2003;98:1735-44.

Chang JT, Green L, Beitz ]. Renal failure with the use of zoledronic acid. N Engl ]
Med. 2003;349:1676-9.

Balla J. The issue of renal safety of zoledronic acid from a nephrologist’s point of
view. Oncologist. 2005;10:306-8.

Perazella MA, Markowitz GS. Bisphosphonate nephrotoxicity. Kidney Int.
2008;74:1385-93.

Body ]J. The risk of cumulative renal effects of intravenous bisphosphonates. Su-
pport Cancer Ther. 2006;3:77-83.

Jassal SK, Von Muhlen D, Barrett-Connor E. Measures of renal function, BMD,
bone loss, and osteoporotic fracture in older adults: the Rancho Bernardo Study.
] Bone Min Res. 2007;22:203-10.

Chennuru S, Koduri J, Bauman MA. Risk factors for symtomatic hypocalcemia
complicating treatment with zoledronic acid. Intern Med J. 2008;38:635-7.
Zuradelli M, Masci G, Biancofiore G, Gullo G, Scorsetti M, Navarria P, et al. High
incidence of hypocalcemia and serum creatinine increase in patients with bone
metastases treated with zoledronic acid. Oncologist. 2009;14:548-56.
Schussheim DH, Jacobs TP, Silverberg SJ. Hypocalcemia associated with alen-
dronate. Ann Intern Med. 1999;130:329.

Liamis G, Milionis HJ, Elisaf M. A review of drug-induced hypocalcemia. ] Bone
Miner Metab. 2009;27:635-42.

Maalouf NM, Heller HJ, Odvina CV, Kim PJ, Sakhaee K. Bisphosphonate-induced
hypocalcemia: report of 3 cases and review of literature. Endocr Pract.
2006;12:48-53.

Adami S, Bhalla AK, Dorizzi R, Montesanti F, Rosini S, Salvagno G, et al. The acute-
phase response after bisphosphonate administration. Calcif Tissue Int.
1987;41:326-31.

Olson K, Van Poznak C. Significance and impact of bisphosphonate-induced acute
phase responses. ] Oncol Pharm Pract. 2007;13:223-9.

Casseti R, Martino A. The plasticity of gammadelta T Cells: innate immunity, an-
tigen presentation and new immunotherapy. Cell Mol Immunol. 2008;5:161-70.
Tanaka Y, Morita CT, Tanaka Y, Nieves E, Brenner MB, Bloom BR. Natural and syn-
thetic non-peptide antigens recognized by human gamma delta T cells. Nature.
1995;375:155-8.

Gober HJ, Kistowska M, Angman L, Jeno P, Mori L, De Libero G, Human T. cell re-
ceptor gammadelta cells recognize endogenous mevalonate metabolites in tu-
mor cells. ] Exp Med. 2003;197:163-8.



196

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

L. Arboleya et al / Reumatol Clin. 2011;7(3):189-197

. Galluzzo S, Santini D, Vincenzi B, Caccamo N, Meraviglia F, Salerno A, et al. Im-

munomodulating role of bisphosphonates on human gamma delta T cells: an
intriguing and promising aspect of their antitumour activity. Expert Opin Ther
Targets. 2007;7:941-54.

Thompson K, Rogers M]J. Statins prevent bisphosphonate-induced gamma-delta-
T-cell proliferation and activation in vitro. ] Bone Miner Res. 2004;2:278-88.
Hewitt RE, Lissina A, Green AE, Slay ES, Price DA, Sewell AK. The bisphosphonate
acute phase response: rapid and copious production of proinflammatory cytok-
ines by peripheral blood gamma/delta T cells in response to aminobisphospho-
nates is inhibited by statins. Clin Exp Immunol. 2005;139:101-11.

Srivastava T, Haney CJ, Alon US. Atorvastatin may have no effect on acute phase
reaction in children following intravenous bisphosphonate infusion. ] Bone Min
Res. 2009;24:334-7.

Bertoldo F, Pancheri S, Zenari S, Boldini S, Giovanazzi B, Zanatta M, et al. Serum
25(0H)D levels modulate the Acute Phase Response associated to the first nitro-
gen containing bisphosphonate infusion. ] Bone Miner Res. 2009;14:1-33.

Black DM, Delmas PD, Eastell R, Reid IR, Boonen S, Cauley JA, et al. Once-yearly
zoledronic acid for treatment of postmenopausal osteoporosis. N Engl ] Med.
2007;356:1809-22.

Cummings SR, Schwartz AV, Black DM. Alendronate and atrial fibrillation. N End
] Med. 2007;356:1895-6.

Serensen HT, Christensen S, Mehnert F, Pedersen L, Chapurlat RD, Cummings SR,
et al. Use of bisphosphonates among women and risk of atrial fibrillation and
flutter: population based case-control study. BMJ. 2008;336:813-6.

Heckbert SR, Li G, Cummings SR, Smith NL, Psaty BM. Use of alendronate and risk
of incident atrial fibrillation in women. Arch Int Med. 2008;168:826-31.

Lyles KW, Colén-Emeric CS, Magaziner ]S, Adachi ]D, Pieper CF, Mautalen C, et al.
Zoledronic acid and clinical fractures and mortality after hip fracture. N Engl ]
Med. 2007;357:1799-809.

Available from: http://www.fda.gov./cder/drug/early_comm/bisphosphonates_
update_200811.htm.

Wysowski DK, Chang JT. Alendronate and risedronate: reports of severe bone,
joint, and muscle pain. Arch Intern Med. 2005;165:346-7.

Bock O, Boerst H, Thomasius FE, Degner C, Stephan-Oelkers M, Valentine SM, et
al. Common musculoskeletal adverse effects of oral treatment with once weekly
alendronate and risedronate in patients with osteoporosis and ways for their
prevention. ] Musculoskelet Neuronal Interact. 2007;7:144-8.

US Food and Drug Administration. FDA MedWatch Safety Alert Web site. Infor-
mation for healthcare professionals: bisphosphonates. Available from: http://
www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetylnformationforPatient-
sandProviders/ucm101551.htm. Published January 7, 2008.

Caplan L, Pittman CB, Zeringue AL, Scherrer JF, Wehmeier KR, Cunningham FE, et
al. An observational study of musculoskeletal pain among patients receiving bis-
phosphonate therapy. Mayo Clin Proc. 2010;85:341-8.

Yemisci OU, Yalbuzdag SA, Karatas M. Risedronate-induced arthritis. ] Clin Rheu-
matol. 2010;16:168-9.

Gwynne Jones DP, Savage RL, Highton ]. Alendronate-induced synovitis. ] Rheu-
matol. 2008;35:537-8.

Frederiksen L, Junker P, Brixen KT. Persistent polyarticular synovitis after treat-
ment with alendronate. Ugeskr Laeger. 2007;169:1583-4.

Odvina CV, Zerwekh JE, Rao ES, Maalouf N, Gottschalk FA, Pak CYC. Severely sup-
pressed bone turnover: a potential complication of alendronate therapy. J Clin
Endocrinol Metab. 2005;90:1294-301.

Parfitt AM. Renal bone disease: a new conceptual framework for interpretation
of bone histomorphometry. Curr Opin Nephrol Hypertens. 2003;12:387-408.
Visekruna M, Wilson D, McKienan FE. Severely suppressed bone turnover and
atypical skeletal fragility. ] Clin Endocrinol Metab. 2008;93:2948-52.

Gosh SK, Yang KY, Koh ]S, Wong MK, Chua SY, Chua DT, et al. Subtrochanteric in-
sufficiency fractures in patients on alendronate therapy: a caution. ] Bone Joint
Surg (Br). 2007;89:349-53.

Neviaser AS, Lane JM, Lenart BA, Edobor-Osula F, Lorich DG. Low-energy femoral
shaft fractures associated with alendronate use. ] Orthop Trauma. 2008;22:346-
50.

Somford MP, Draijer FW, Thomassen BJ, Chavassieux PM, Boivin G, Papapoulos SE.
Bilateral fractures of the femur diaphysis in a patient with rheumatoid arthritis
on long-term treatment with alendronate: clues to the mechanism of increased
bone fragility. ] Bone Miner Res. 2009;24:1736-40.

Lee JK. Bilateral atypical femoral diaphyseal fractures in a patient treated with
alendronate sodium. Int ] Rheum Dis. 2009;12:149-54.

Kwek EB, Gosh SK, Koh JS, Png MA, Howe TS. An emerging pattern of subtrochan-
teric stress fractures: a long-term complication of alendronate therapy?. Injury.
2008;39:224-31.

Koh JS, Goh SK, Png MA, Kwek EB, Howe TS. Femoral cortical stress lesions in
long-term bisphosphonate therapy: a herald of impending fracture? ] Orthop
Trauma. 2010;24:75-81.

Black DM, Kelly MP, Genant HK, Palermo L, Eastell R, Bucci-Rechtweg C, et al.
Bisphosphonates and fractures of the subtrochanteric or diaphyseal femur. N
Engl ] Med. 2010;362:1761-71.

Edwards BJ, Gounder M, McKoy JM. Pharmacovigilance and reporting oversight
in US-FDA fast-track process: bisphosphonates and osteonecrosis of the jaw. Lan-
cet Oncol. 2008;9:1166-72.

Marx RE. Pamidronate (Aredia) and Zoledronate (Zometa) induced avascular ne-
crosis of the jaws: a growing epidemic. ] Oral Maxillofac Surg. 2003;61:1238-9.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL. Osteonecrosis of the jaws as-
sociated with the use of bisphosphonates: a review of 63 cases. ] Oral Maxillofac
Surg. 2004;62:527-34.

Bamias A, Kastritis E, Bamia C, Moulopoulos LA, Melakopoulos I, Bozas G, et al.
Osteonecrosis of the jaw in cancer after treatment with bisphosphonates: inci-
dence and risk factors. ] Clin Oncol. 2005;23:8580-7.

Woo SB, Hellstein JW, Kalmar JR. Narrative review: bisphosphonates and os-
teonecrosis of the jaws. Ann Intern Med. 2006;144:753-61.

Khosla S, Burr D, Cauley ], Dempster DW, Ebeling PR, Felsenberg D, et al. Bispho-
sphonate-associated osteonecrosis of the jaw: report of a task force of the Amer-
ican Society for Bone and Mineral Research. ] Bone Min Res. 2007;22:1479-91.
Abrahamsen B. Adverse effects of bisphosphonates. Calcif Tissue Int. 2010;86:421-
35.

Morag Y, Morag-Hezroni M, Jamadar DA, Ward BB, Jacobson JA, Zwetchkenbaum
SR, et al. Bisphosphonate related osteonecrosis of the jaw: a pictorial review.
Radiographics. 2009;29:1971-84.

Hoefert S, Schmitz I, Tannapfel A, Eufinger H. Importance of microcracks in etiol-
ogy of bisphosphonate-related osteonecrosis of the jaw: a possible pathogenetic
model of symptomatic and non-symptomatic osteonecrosis of the jaw based on
scanning electron microscopy findings. Clin Oral Investig. 2010;14:271-84.

Burr DB, Allen MR. Mandibular necrosis in beagle dogs treated with bisphospho-
nates. Orthod Craniofac Res. 2009;12:221-8.

Reszka AA, Halasy-Nagy J, Rodan GA. Nitrogen-bisphosphonates block retino-
blastoma phosphorylation and cell growth by inhibiting the cholesterol biosyn-
thetic pathway in a keratinocyte model for esophageal irritation. Mol Pharmacol.
2001;59:193-202.

Aragon-Ching JB, Ning YM, Chen CC, Latham L, Guadagnini JP, Gulley JL, et al.
Higher incidence of osteonecrosis of the jaw (ON]) in patients with metastatic
castration resistant prostate cancer treated with anti-angiogenic agents. Cancer
Invest. 2009;27:221-6.

Bi Y, Gao Y, Ehirchiou D, Cao C, Kikuiri T, Le A, et al. Bisphosphonates cause Os-
teonecrosis of the jaw-like disease in mice. Am ] Pathol. 2010;177:280-90.

Nota informativa 2009/10. Recomendaciones para la prevencién de la os-
teonecrosis del maxilar asociada al tratamiento con bisfosfonatos [accessed 2010
May 4]. Agencia Espafiola de Medicamentos y Productos Sanitarios. Available
from: http://www.aemps.es/actividad/alertas/usoHumano/seguridad/NI_2009-
10_bisfosfonatos.htm.

Marx RE, Cillo JE, Ulloa JJ. Oral bisphosphonateinduced osteonecrosis: risk fac-
tors, prediction of risk using serum CTX testing, prevention, and treatment. ] Oral
Maxillofac Surg. 2007;65:2397-410.

Kunchur R, Need A, Hughes T, Goss A. Clinical investigation of C-terminal cross-
linking telopeptide test in prevention and management of bisphosphonate-asso-
ciated osteonecrosis of the jaws. ] Oral Maxillofac Surg. 2009;67:1167-73.

Baim S, Miller PD. Assessing the clinical utility of serum CTX in postmenopausal
osteoporosis and its use in predicting risk of osteonecrosis of the jaw. ] Bone
Miner Res. 2009;24:561-74.

Hoff AO, Toth BB, Altundag K, Johnson MM, Warneke CL, Hu M, et al. Frequency
and risk factors associated with osteonecrosis of the jaw in cancer patients treat-
ed with intravenous bisphosphonates. ] Bone Miner Res. 2008;23:826-36.
Boonyapakorn T, Schirmer I, Reichart PA, Sturm I, Massenkeil G. Bisphosphonate-
induced osteonecrosis of the jaws: prospective study of 80 patients with multiple
myeloma and other malignancies. Oral Oncol. 2008;44:857-69.

Vahtsevanos K, Kyrgidis A, Verrou E, Katodritou E, Triaridis S, Andreadis CG, et al.
Longitudinal cohort study of risk factors in cancer patients of bisphosphonate-
related osteonecrosis of the jaw. ] Clin Oncol. 2009;27:5356-62.

Walter C, Al-Nawas B, Du Bois A, Buch L, Harter P, Grotz KA. Incidence of bispho-
sphonate-associated osteonecrosis of the jaws in breast cancer patients. Cancer.
2009;115:1631-7.

Aragon-Ching JB, Ning YM, Chen CC, Latham L, Guadagnini JP, Gulley JL, et al.
Higher incidence of Osteonecrosis of the Jaw (ON]J) in patients with metastatic
castration resistant prostate cancer treated with anti-angiogenic agents. Cancer
Invest. 2009;2:221-6.

Guarneri V, Miles D, Robert N, Diéras V, Glaspy J, Smith I, et al. Bevacizumab and
osteonecrosis of the jaw: incidence and association with bisphosphonate therapy
in three large prospective trials in advanced breast cancer. Breast Cancer Res
Treat. 2010;122:181-8.

Jung TI, Hoffmann F, Glaeske G, Felsenberg D. Disease specific risk for an osteone-
crosis of the jaw under bisphosphonate therapy. ] Cancer Res Clin Oncol.
2010;136:363-70.

Lo JC, O'Ryan FS, Gordon NP, Yang ], Hui RL, Martin D, et al. Prevalence of osteone-
crosis of the jaw in patients with oral bisphosphonate exposure. ] Oral Maxillofac
Surg. 2010;68:243-53.

Mavrokokki T, Cheng A, Stein B, Goss A. Nature and frequency of bisphosphonate-
associated osteonecrosis of the jaws in Australia. ] Oral Maxillofac Surg.
2007;65:415-23.

Sedghizadeh PP, Stanley K, Caligiuri M, Hofkes S, Lowry B, Shuler CF. Oral bispho-
sphonate use and the prevalence of osteonecrosis of the jaw: an institutional
inquiry. ] Am Dent Assoc. 2009;140:61-6.

Patlas N, Golomb G, Yaffe P, Pinto T, Breuer E, Ornoy A. Transplacental effects of
bisphosphonates on fetal skeletal ossification and mineralization in rats. Teratol-
ogy. 1999;60:68-73.

Rutgers-Verhage AR, De Vries TW, Torringa M]L. No effects of bisphosphonates on
the human fetus. Birth Defects Res. 2003;67:203-4.



107.

108.

109.

L. Arboleya et al / Reumatol Clin. 2011;7(3):189-197

Siminoski K, Fitzgerald AA, Flesch G, Gross MS. Intravenous pamidronate for
treatment of reflex sympathetic dystrophy during breast feeding. ] Bone Miner
Res. 2000;15:2052-5.

Ostenesen M, Khamashta M, Locksin M, Parke A, Brucato A, Carp H, et al. Anti-
inflammatory and immunosuppresive drugs and reproduction. Arthritis Res
Ther. 2006;8:209-28.

Musette P, Brandi ML, Cacoub P, Kaufman JM, Rizzoli R, Reginster JY. Treatment of
osteoporosis: recognizing and managing cutaneous adverse reactions and drug-
induced hypersensitivity. Osteoporos Int. 2010;21:723-32.

110.

111.

112.

113.

197

Yanik B, Turkay C, Atalar H. Hepatotoxicity induced by alendronate therapy. Os-
teoporos Int. 2007;18:829-31.

Halabe A, Lifschitz BM, Azuri ]. Liver damage due to alendronate. N Engl ] Med.
2000;343:365-6.

Barrera BA, Wilton L, Harris S, Shakir SA. Prescription event monitoring study on
13,164 patients prescribed risedronate in primary care in England. Osteoporos
Int. 2005;16:1989-98.

Biswas PN, Wilton LV, Shakir SA. Pharmacovigilance study of alendronate in Eng-
land. Osteoporos Int. 2003;14:507-14.



