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DISCLAIMER STATEMENT

The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA background
package often contains assessments and/or conclusions and recommendations written by
individual FDA reviewers. Such conclusions and recommendations do not necessarily represent
the final position of the individual reviewers, nor do they necessarily represent the final position
of the Review Division or Office. We have brought the issue of the duration of use for
bisphosphonate medications for the treatment and/or prevention of osteoporosis to this Advisory
Committee in order to gain the Committee’s insights and opinions, and the background package
may not include all issues relevant to the final regulatory recommendation and instead is intended
to focus on issues identified by the Agency for discussion by the advisory committee. The FDA
will not issue a final determination on the issues at hand until input from the advisory committee
process has been considered. The final determination may be affected by issues not discussed at
the advisory committee meeting.
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1 BACKGROUND
1.1 Objective of Meeting

This meeting is being convened to review and discuss the available data regarding the long-
term (greater than 3 - 5 years) use of bisphosphonates for the treatment and/or prevention of
osteoporosis. In light of recent safety events that appear to potentially be associated with the
long-term use of bisphosphonates, FDA believes that it is important to address questions
regarding efficacy and the optimal duration of use for bisphosphonates. In this regard, the
Division of Reproductive and Urologic Products (DRUP) requested in March, 2010,
submission of all available controlled clinical trial data supporting long-term use from all
bisphosphonate sponsors with products approved for osteoporosis indications.

The Office of Surveillance and Epidemiology (OSE) will present and review the available
data regarding long-term safety issues that have been identified. DRUP will present a review
of available long-term efficacy data.

1.2 Issues for Committee Consideration

In January, 2011, as part of a safety labeling change for all of the bisphosphonates approved
for the treatment and/or prevention of osteoporosis, the following language was added to the
Indications and Usage section of the product labels:

Important Limitations of Use

The safety and effectiveness of [drug] for the treatment of osteoporosis are based on clinical data of
[xx] years duration. The optimal duration of use has not been determined. All patients on
bisphosphonate therapy should have the need for continued therapy re-evaluated on a periodic basis.

Committee Members will be asked to discuss whether the available data support the long-
term use of bisphosphonate medications for the treatment and/or prevention of osteoporosis
and whether restricting the duration of use or implementing a drug holiday may be beneficial
for patients with osteoporosis who require chronic long-term therapy.

From a safety perspective, the committee will be asked to discuss whether there is sufficient
evidence to support an effect of long-term use of bisphosphonates therapy targeted at
preventing and/or treating osteoporosis on the risk of developing osteonecrosis of the jaw,
atypical fractures or esophageal cancer. Should the committee conclude there is a risk, they
will be asked to discuss if there is sufficient evidence of an optimal duration of
bisphosphonates use that would minimize these risks.

Committee Members will also be asked to discuss whether the available data support
additional labeling changes.



1.3 Osteoporosis

Osteoporosis is a systemic skeletal disease characterized by low bone mass and structural
deterioration of bone tissue leading to bone fragility and increased risk of fracture. Based on
NHANES III data, it is estimated that approximately 10 million people in the U.S. have
osteoporosis and another 34 million have low bone mass (osteopenia). The goal of therapy is
fracture prevention. Fractures, most notably hip fractures, are associated with significant
morbidity and mortality. It is estimated that the lifetime risk of a fragility fracture in a
postmenopausal woman with osteoporosis is 40-50%. For postmenopausal osteoporosis,
there are currently two approved indications for bisphosphonate products:

1. Treatment of osteoporosis in postmenopausal women

2. Prevention of osteoporosis in postmenopausal women

Other approved osteoporosis indications include treatment to increase bone mass in men with
osteoporosis and treatment and/or prevention of glucocorticoid-induced osteoporosis.

Osteoporosis is predominantly diagnosed using bone mineral density (BMD) techniques
based on the diagnostic criteria set forth by the World Health Organization (WHO) in 1994.
However, it has long been recognized that BMD alone is not sufficient to accurately predict
fracture risk. Inclusion of other risk factors, most notably age, along with BMD improves
facture risk prediction. A risk assessment tool for prediction of osteoporotic fracture (FRAX)
was developed by the WHO in 2008. The FRAX algorithms include clinical risk factors that
predict an increased risk of fracture (age, sex, prior fragility fracture after age 50 years,
history of corticosteroid use [> Smg for more than three months], parental history of hip
fracture, rheumatoid arthritis, secondary osteoporosis [e.g., type 1 diabetes, osteogenesis
imperfecta in adults, longstanding hyperthyroidism, hypogonadism, premature menopause,
chronic malabsorption, and chronic liver disease], current smoker, alcohol use of greater than
2 units daily, and body mass index). The FRAX tool reports fracture risk as the 10-year risk
of hip fracture and the 10-year risk of major osteoporotic fracture.

Currently, the National Osteoporosis Foundation recommends treatment be considered for
patients who have had an osteoporotic fracture, patients with a BMD T-score of <-2.5 (2.5
standard deviations below the young adult mean), and patients over age 50 years with low
bone mass (T-score -1.0 to -2.5) with a risk probability of >3% for hip fracture or >20% for
major osteoporotic fracture as obtained using the FRAX algorithm.

Products currently approved in the U.S. for the treatment and/or prevention of
postmenopausal osteoporosis are outlined in Table 1.

Table 1: Approved Products for Osteoporosis Prevention and/or Treatment

Class Drug Route Dose Prevention | Treatment
Bisphosphonate Fosamax oral 5 mg daily XX
(alendronate) oral 10 mg daily XX
oral 35 mg weekly XX
oral 70 mg weekly XX
Fosamax PlusD oral 70 mg/28001U weekly XX
(alendronate) oral 70 mg/56001U weekly XX
Actonel oral 5 mg daily XX XX




Class Drug Route Dose Prevention | Treatment
(risedronate) oral 35 mg weekly XX XX
oral 75 mg 2days/month XX
oral 150 mg monthly XX
Actonel with 35 mg once weekly
Calcium oral 1250 mg days 2-7 XX XX
(risedronate) Y
Atelvia
(risedronate-delayed | oral 35 mg once weekly XX
release)
Boniva oral 2.5 mg daily XX XX
(risedronate) oral 150 mg monthly XX XX
g?srelzlc\{r?)nate) v 3mg every 3months XX
Reclast
(zoledronic acid) v Smg yearly XX
Reclast
(zoledronic acid) v Smg every 2 years XX
Estrogen Evista .
Agon%st/Antagonist (raloxifene) oral 60 mg daily XX XX
PTH analog ZZE;Zrati de) SC 20 mcg daily XX
Miacalcin
(salmon calcitonin, SC 100 IU every other day XX*
synthetic)
Miacalcin
Calcitonin (salmon calcitonin, NS 200 IU daily XX*
synthetic)
Fortical
(salmon calcitonin, NS 200 IU daily XX*
recombinant)
Estrogen and Premarin .
Estrogen/Progestin (conjugated estrogen) oral 0.3 —1.25 mg daily XX
combination Premphase
products (conjugated estrogen, 0.625 mg daily D1-14
medroxyprogesterone oral Smg daily D 15-28 XX
acetate)
Prempro
(conjugated estrogen, oral 0.3'/ 1.5-0.625/5 mg XX
medroxyprogesterone daily
acetate)
Climara trans- 0.025 — 0.1 mg/day, XX
(estradiol) dermal applied once weekly
Chmarg Pro trans- 0.45/0.015 mg/day,
(estradiol, dermal applied once weekly XX
levonorgestrel)
Prefest I mg e.stradiol daily. for
(estradiol, oral 3 days; alterr}ate with XX
norgestimate) 1/0.09 mg daily for 3
days
femhrt
(ethinyl estradiol, oral 2.5/0.5 — 5/1 mg daily XX
norethindrone acetate)




Class Drug Route Dose Prevention | Treatment
Activella
(estradiol, I 0.5/0.1— 1/0.5 dail XX
norethindrone ora o = catly
acetate)
Vivelle trans- 0.025 — 0.1 mg/day, XX
(estradiol) dermal applied twice weekly
Alora trans- 0.025 — 0.1 mg/day, XX
(estradiol) dermal applied twice weekly
Menostar trans- 0.014 mg/day, applied XX
(estradiol) dermal once weekly
Vivelle Dot trans- 0.025 — 0.1 mg/day, XX
(estradiol) dermal applied twice weekly
RANK ligand Prolia
inhibitor ¢ (denosumab) SC 60 mg every 6 months XX

* Original Approval based on BMD, not fracture efficacy

In order to gain approval for the treatment of postmenopausal osteoporosis (PMO), a
sponsor must demonstrate that their drug significantly reduces the risk for morphometric
vertebral fractures in postmenopausal osteoporotic women during 3 years of treatment.

1.4 Bisphosphonates

Bisphosphonates are pyrophosphate analogs that bind to the hydroxyapatite crystals in bone
and inhibit bone resorption through effects on osteoclasts. The first bisphosphonate for the
prevention and/or treatment of osteoporosis was approved for the US market in 1995. Since
that time, four bisphosphonate molecular entities (alendronate sodium, risedronate sodium,
ibandronate sodium, and zoledronic acid) have been approved for treatment and/or
prevention of osteoporosis with dosing intervals that vary from daily oral administration to
every other year intravenous administration.

The bioavailability of oral bisphosphonates is low (approximately 0.6%). Bisphosphonates
are not metabolized. Bisphosphonates that are orally absorbed or intravenously administered
either bind to hydroxyapatite in bone or are excreted unchanged into urine. By their binding
to hydroxyapatite in bone, bisphosphonates are incorporated into bone’s mineral matrix.
Release of the drug from the bone mineral matrix requires bone resorption and reduction in
bone resorption is the primary mode of action of the drug. Therefore, bisphosphonates have a
prolonged residence time in bone. Using modeling performed with alendronate, it is
estimated that after 10 years of oral treatment with alendronate 10 mg daily, the amount of
alendronate released daily from the skeleton is approximately 25% of that absorbed from the
gastrointestinal tract. This potentially unique aspect of bisphosphonate therapy must be
factored into any discussion of the long-term safety and efficacy aspects of bisphosphonates
and the question of optimal duration of use.

1.4.1 Bisphosphonate Safety Introduction

During the initial marketing application review as well as in the postmarketing period, safety
events for bisphosphonate products have been noted and labeled as Warnings and
Precautions.

10




Disorders of Mineral Metabolism: Bisphosphonate use has been associated with
hypocalcemia. Bone is the largest reservoir of calcium in the body with approximately 99%
of calcium found in skeletal hydroxyapatite. A small amount of that hydroxyapatite provides
the necessary calcium that is freely exchangeable with other bodily fluids and tissues. By
binding to skeletal hydroxyapatite and acting to inhibit bone and therefore calcium
resorption, bisphosphonates can effectively close off the available calcium exchange from
bone. For this reason, pre-existing hypocalcemia is a contraindication and a warning and
precaution in all of the bisphosphonate labels.

In the clinical fracture trials for bisphosphonates and other osteoporosis therapies, calcium
and vitamin D supplementation is provided as background therapy to all subjects. Therefore,
the number of subjects reporting hypocalcemic adverse events in the large clinical trials with
bisphosphonates is small. Hypocalcemic tetany attributed to bisphosphonate therapy has been
reported rarely in the postmarketing period.

Gastrointestinal disorders: Oral, nitrogen-containing bisphosphonates are well known to
cause gastroesophageal adverse reactions attributed to mucosal irritation, particularly of the
esophagus. This has been a labeled warning and precaution for all oral bisphosphonates since
the initial approval of alendronate in 1995. As more information has become available
regarding adverse events of the upper gastrointestinal tract, product labeling has been
updated. More recently, concerns have been raised regarding esophageal cancer. These
concerns will be discussed further in the long-term safety section of this document.

Musculoskeletal Pain: In the postmarketing period, muscle, joint, and bone pain have been
reported with bisphosphonate use. The reported cases have been severe and in some cases
incapacitating. There is no clear temporal relationship and the symptoms have been reported
to occur within days, months or even years after starting a bisphosphonate. The etiology of
the pain is not clear although it does appear to be a separate entity from acute phase reaction

symptoms. Warning and precaution language was added to the bisphosphonate labels in
2004.

Renal Adverse Events: Concerns regarding an increased risk of renal toxicity with
intravenous bisphosphonates emerged during development of zoledronic acid therapy for
oncology indications. The increased risk was dose dependent, with greater incidence in the 8
mg dose group than the 4 mg dose group. The risk of renal toxicity was also improved by an
increase in infusion time from 5 minutes to 15 minutes. Therefore, zoledronic acid for
oncology indications was approved as a monthly 4 mg intravenous dose to be infused over no
less than 15 minutes. A similar dosing algorithm was utilized for the approval of Reclast for
the treatment of osteoporosis (5 mg once yearly to be infused over no less than 15 minutes).

In the postmarketing period, adverse events of renal failure requiring dialysis, some with
fatal outcome, have been reported with Reclast use. Most cases appear to occur in patients
with underlying renal compromise. Renal compromise has not been identified as a safety
issue with the other bisphosphonates.

Osteonecrosis of the Jaw: Osteonecrosis of the jaw is a clinical entity that is known to occur
in patients exposed to head and neck radiation for the treatment of cancer. Zoledronic acid
was approved for oncology indications in 2002. Reports of osteonecrosis of the jaw began
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appearing in cancer patients who did not have radiation exposure to the jaw, but were
exposed to intravenous bisphosphonates. As further discussed in the long-term safety section
of this document, a thorough review of the adverse events was conducted. Osteonecrosis of
the jaw was initially labeled in the postmarketing section of the zoledronic acid label in 2004.
In 2005, osteonecrosis of the jaw was elevated to a warning and precaution in the intravenous
bisphosphonate labels. Because of concerns that the same effects seen with zoledronic acid
could also occur with the oral bisphosphonates, osteonecrosis of the jaw warning and
precaution language was also added to the oral bisphosphonate product labels in 2005.

Atypical Subtrochanteric and Femoral Diaphyseal Fractures: Subtrochanteric femoral
fractures are a subset of proximal femur (or hip) fractures. The subtrochanteric region of the
hip is an area of high biomechanical stress due to bending forces combined with torsion from
the musculature attached to the femur. Subtrochanteric fractures account for 10 —30% of hip
fractures and are mainly seen in two populations — younger patients with high energy trauma
and elderly patients with minor trauma. In the second population of elderly subjects,
osteoporosis likely plays a significant role in the etiology of these fractures. The FDA began
receiving reports regarding subtrochanteric femoral fractures in patients taking
bisphosphonates in 2008. A review of the bisphosphonate clinical trial data was conducted
and is outlined in Table 2.

Table 2: Hip and Femur Fracture Data from Bisphosphonate Clinical Trials

Drug Trials All hip and femur fractures, Duration of exposure
(N) (subtrochanteric fractures) (months)

Fosamax 38 227 (3) 2 -168

Actonel 22 221 (14) 18 - 48

Boniva 8 60 (0) N/A

Reclast 7 181 (2) 4-9

During review, it became apparent that the features of the subtrochanteric fractures being
reported postmarketing were not usual. The clinical trial data available did not allow FDA to
investigate whether the subtrochanteric fractures reported in the clinical trials had atypical
features. As more information regarding the features associated with these atypical
subtrochanteric became available, a search of the literature and the postmarketing adverse
events was conducted and is further described and discussed in the long-term safety section
of this document. DRUP proceeded with a safety labeling change for all bisphosphonate
drugs approved for the treatment and/or prevention of osteoporosis and added a warning and
precaution to product labeling in January, 2011, for atypical fractures.

Not all adverse reactions noted in clinical trials or in the postmarketing period require
Warning and Precaution language in product labeling. Some are further outlined in the
Adverse Reactions sections of the product label and are listed below.

Acute Phase Reaction: Bisphosphonate therapy, mainly intravenous bisphosphonates but also
the higher dose weekly and monthly oral products, has been associated with acute phase
reaction symptoms. Symptoms suggesting an influenza-like illness occur within three days of
the bisphosphonate dose and generally resolve within a week. The symptoms tend to occur
early in treatment with the first several doses. Currently, acute phase reaction symptoms are
listed as an adverse reaction in product labeling.
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Inflammatory Eye Disease: Inflammatory eye disease, such as iritis, uveitis or scleritis, has
been reported rarely with bisphosphonate use. In some instances, positive rechallenge
occurred, confirming the bisphosphonate as the etiology of the reaction. Currently,
inflammatory eye disease is listed as an adverse reaction in product labeling.

Atrial Fibrillation: During the review of zoledronic acid for the treatment of postmenopausal
osteoporosis an imbalance in the incidence of serious atrial fibrillation was noted. Based on
these concerns FDA requested placebo-controlled clinical trial data from all bisphosphonate
sponsors and a thorough review was conducted. The data submitted encompassed 19,687
bisphosphonate-treated patients and 18,358 placebo-treated patients who were followed for 6
months to 3 years. While the zoledronic acid trial showed a statistically significant increase
in the rate of serious atrial fibrillation events, across all studies there was no clear association
between overall bisphosphonate exposure and the rate of serious or non-serious atrial
fibrillation observed. Increasing dose or duration of bisphosphonate therapy was also not
associated with an increased rate of atrial fibrillation. Therefore, atrial fibrillation was labeled
as an adverse event in the Reclast label and class labeling was not sought.

1.4.2 Bisphosphonate Efficacy

Bisphosphonates have been shown to have robust efficacy in reducing the risk of
osteoporotic fragility fractures. In the primary registration trial(s), radiographic evidence of a
reduction in vertebral fracture (morphometric vertebral fracture) has been the fracture
endpoint of interest. As outlined in Table 3, robust fracture reduction efficacy was achieved
for all of the bisphosphonate medications. Nonvertebral fracture and hip fracture endpoints,
as well as change in bone mineral density, are generally secondary endpoints.

Table 3: Fracture Efficacy with Bisphosphonates — Morphometric Vertebral Fracture

Subjects with Morphometric
Drug N Vertebral Fracture ARR (95% CI) RRR (95% CI)
(% (%) (%)
Drug Placebo

Fosamax 994 3.2 6.2 49 (5,73)

2027 7.9 15.0 7.1(5,9.2) 47 (32, 59)

3066 2.5 4.8 2.3(1.1,3.5) 48 (24, 65)
Actonel 1374 11.3 16.3 5.0 41

690 18.1 29.0 10.9 49
Boniva 1952 4.7 9.6 49(2.3,74) 52 (29, 68)
Reclast 7736 3.3 10.9 7.6 (6.3 ,9.0) 70 (62 , 76)
ARR = absolute risk reduction; RRR = relative risk reduction

Bisphosphonates are widely prescribed medications. For the period of 2005 — 2009 in the
United States, more than 150 million prescriptions were dispensed in the outpatient setting
for the oral bisphosphonates alendronate, risedronate, and ibandronate. The total number of
patients who filled a prescription for alendronate, risedronate, and ibandronate are provided
in Table 4. For the period of 2005 — 2009 in the United States, 5.1-5.7 million patients
annually received a dispensed prescription in the outpatient setting for the selected products.
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When evaluated by age, 5.1 million patients over the age of 55 years received a prescription
for a bisphosphonate in year 2008. We estimate that for every 100 U.S. population, seven
patients received a prescription for a bisphosphonate in the outpatient setting.

Table 4: Number of Patients Who Filled a Prescription for an Oral Bisphosphonate

2005 2006 200? 2008 2009

Grand Total 5,083,730 5,640,382 5,479,241| 5,696,298] 5,185,240
Age 55+ on bisphosphonate 4,301,360| 4,885,301 4,808,291 5,061,588] 4,542,988
Age 55+ (U.S. Census) 67,085,690( 68,822,246| 70,668,349 72,555,897|unavailable
Prevalance per 100 US population Age 55+ 6.41 7.10 6.80 6.98

Female patients age 55+ on bisphosphonate 3,978997| 4,523151| 4,446,305| 4,668,453] 4,183,457
Age 55+ female (U.S. Census) 37,077,356( 37,955,188 38,887,117| 39,840,455|unavailable
Prevalance per 100 US population Age 55+ (female) 11 12 11 12

“Subtotals may not sum exactly, due to rounding. Due to aging of patients during the study period (“the cohort effect’), patients may be
counted more than once in the individual age categories. For this reason, summing across age hands is not advisable and will result in
overestimates of patient counts. Source: SDI Total Patient Tracker. Data Extracted 4/2010.

2 Bisphosphonate Long-Term Use: Safety
2.1 Overview of Long-Term Safety Issues

The safety of long-term bisphosphonate therapy is a topic of much debate as adverse events
continue to be reported and published. Safety concerns with potentially severe clinical
outcomes that have been reported with long-term use of bisphosphonates include atypical
subtrochanteric and femoral fractures, osteonecrosis of the jaw, and esophageal cancer. This
safety review will focus on data reported to the FDA Adverse Event Reporting System and
the epidemiological evidence available for these three outcomes.

2.2 Review and Utility of Postmarket Adverse Events Reports to FDA

This section summarizes FDA’s use of postmarketing data concerning atypical femoral
fractures, osteonecrosis of the jaw (ONJ), and esophageal cancer following bisphosphonate
exposure for the treatment and prevention of osteoporosis.

FDA uses a computerized information database (Adverse Event Reporting System or AERS)
for post-marketing safety surveillance of drug and therapeutic biologic products. This
database stores individual safety reports concerning suspected adverse drug reactions.
Analysts in CDER’s Office of Surveillance and Epidemiology (OSE), Division of
Pharmacovigilance II (DPV II) performed AERS-based assessments for the adverse
outcomes noted above but were unable to characterize the relationship of these adverse event
outcomes to bisphosphonate exposure due to limitations of the database. First, there is no
certainty that a reported event was actually due to the product. FDA does not require that a
causal relationship between a product and event be proven, and reports do not always contain
enough detail to properly evaluate an event. A reported event may actually have been due to
an underlying disease process, a different drug, another coincidental factor, or combination
of factors. The AERS database includes suspected events; physicians are encouraged to
report suspected events.
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Further, FDA does not receive all adverse event reports that occur with a product. People
experience adverse events and the events are never reported. Many other factors can
influence whether or not an event will be reported, such as the length of time a drug is
marketed, the market share, size and sophistication of the sales force, and awareness bias
(i.e., publicity, regulatory action, or educational campaign about a drug and adverse event
combination). The vast majority of reports to AERS, which includes both foreign and
domestic sources, are voluntarily submitted directly to the system by healthcare practitioners
and consumers or to product manufacturers who have regulatory requirements for submitting
reports to AERS.

Therefore, AERS data cannot be used to calculate the incidence or occurrence rates of an
adverse event in the population, which are necessary to make the most accurate risk
assessments for specific adverse events. The actual number of adverse events cannot be
accurately determined because reporting is voluntary and because the number of patients
actually taking the drug is not always known. In addition, to determine if a drug caused an
adverse event, the report must be evaluated by a trained professional who conducts an
evaluation of the cases to interpret the information; however, in most instances it is not
possible to clearly determine whether a causal relationship exists between drug exposure and
the adverse event reported. In addition AERS data generally can not be used to compare drug
products or to determine the safety of different drug dosages.

Specific limitations of AERS data in relation to the long-term safety issues of concern with
bisphosphonates include the fact that duration of therapy is often omitted from reports.
Additionally, reporters may be less likely to attribute causality, and subsequently report,
adverse events that occur long after initiation of therapy.

Overall, DPV II was unable to characterize the relationship of the adverse event outcomes of
interest to bisphosphonate exposure primarily due to inherent limitations of spontaneously
reported safety information made more problematic by uncertain case definition criteria,
most notably for atypical femoral fractures and ONJ.

Summary findings of DPV II’s AERS assessments are detailed below.

2.2.1 Osteonecrosis of the Jaw

OSE initially assessed ONJ with bisphosphonate use (for oncology indications) in 2003
(intravenous formulations) and 2004 (oral formulations) and recommended this event be
labeled [see Chang Reviews in Appendices 1 and 2]. Following an Oncologic Drugs
Advisory Committee (ODAC) meeting on March 4, 2005, FDA received additional AERS
cases of ONJ in women using bisphosphonates for osteoporosis [see Pamer Review in
Appendix 3]. Prior to 2007, a widely accepted clinical definition of osteonecrosis of the jaw
did not exist. In 2007 an American Association of Oral and Maxillofacial Surgeons
(AAOMS) Task Force published a definition for bisphosphonate-related ONJ (BRONJ)
requiring the following clinical characteristics:*

2 Advisory Task Force on Bisphosphonate-Related Osteonecrosis of the Jaws, American Association of Oral
and Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons Position Paper on
Bisphosphonate-Related Osteonecrosis of the Jaws. J Oral Maxillofac Surg. 2007;65(3):369-76.
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1. Current or previous treatment with a bisphosphonate;
2. Exposed bone in the maxillofacial region that has persisted for more than eight weeks; and
3. No history of radiation therapy to the jaws.

The Task Force report states that intravenous bisphosphonate use in patients with malignancy
is a major risk factor for bisphosphonate-related ONJ. The Task Force report also states that
patients receiving oral bisphosphonates are at a lower risk for bisphosphonate-related ONJ
than cancer patients receiving monthly intravenous bisphosphonate treatments.

In March 2010, the Medical Dictionary for Regulatory Activities (MedDRA) preferred term
“osteonecrosis of jaw” was established. Prior to March 2010, AERS reports of ONJ were
difficult to identify due to the lack of specificity in the adverse event coding dictionary.
Additionally, AERS reports of possible ONJ were not the subject of a formal review by
safety analysts as cursory inspection of the reports showed a lack of clinical detail satisfying
the AAOMS case definition above. FDA determined that AERS data were not sufficient to
characterize ONJ and that epidemiological studies were necessary to help determine the
incidence rate.

2.2.2 Atypical Femoral Fractures

In 2005 the occurrence of atypical femoral fractures with bisphosphonate use was first
described’ and in 2008 FDA opened a Safety Issue Application (SIA) to track this safety
issue. However, prior to 2010 a widely accepted clinical definition of atypical femoral
fracture did not exist. In November 2010, the American Society for Bone and Mineral
Research (ASBMR) Task Force published a proposed case definition with diagnostic criteria
for atypical femoral fractures with bisphosphonate exposure, presented in Table 2.1 below.
The most noteworthy major feature is that designation of atypical femoral fractures requires
no or minimal trauma.*

Based on a draft ASBMR definition, DPV II broadly searched AERS in March 2010 for
cases of atypical fracture with all marketed bisphosphonates (alendronate, etidronate,
ibandronate, pamidronate, risedronate, tiludronate, zoledronate). At that time, DPV II found
1623 AERS reports using various search terms (e.g., “femur fracture,” “lower limb fracture,”
“pathologic fracture”) related to femoral fracture and forwarded them to the Division of
Urologic and Reproductive Products (DRUP) for case review and adjudication. After
narrowing the search using specific terms from the ASBMR draft case definition, DRUP
identified 126 cases containing various clinical and radiographic features of interest cited as
being associated with bisphosphonate-related atypical subtrochanteric fractures. Nonetheless,
DRUP was unable to reach any firm exposure-event conclusions because many reports did
not contain enough data specific for the clinical features noted in the ASBMR draft case
definition. Subsequently, FDA internally determined that a large observational study or

3 Odvina C, Zerwekh J, Rao S, et al. Severely suppressed bone turnover: A potential complication of
alendronate therapy. J Clin Endocrinol Metab 2005; 90(3): 1294-1301.

* Shane E, Burr D, Ebeling PR, et al. Atypical subtrochanteric and diaphyseal femoral fractures: Report of a
task force of the American Society for Bone and Mineral Research. J Bone Miner Res. 2010; Vol 25 (Issue
11):2267-2294.
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clinical trial with specific diagnostic criteria would be a more appropriate method to evaluate
this safety issue.

2.2.3 Esophageal Cancer

In January 2009 a publication in the New England Journal of Medicine using AERS
postmarket data described 23 patients in the United States who received a diagnosis of
esophageal cancer while using alendronate. The author noted a major limitation of AERS
data is underreporting and that the extent of reporting is variable. Consequently, reliable
incidence rates of esophageal cancer among users of oral bisphosphonates cannot be
calculated from these reports and compared with U.S. cancer rates or those obtained from
other sources.”*® Another significant limitation of AERS data was the absence of histologic
analysis in most of the reports (65%) which is essential for evaluation given the biological
plausibility of developing esophageal cancer following bisphosphonate exposure. Knowledge
of the histologic subtype helps to distinguish Barrett’s esophagus (i.e., adenocarcinoma) from
other cancer etiologies such as tobacco abuse, etc.

More recently, epidemiologic studies have been published on the association of esophageal
cancer and oral bisphosphonates with conflicting results.”® These studies are described more
fully in the Section 2.3.3.

2.3 Epidemiological Evidence

This section summarizes FDA’s review of epidemiological studies concerning osteonecrosis
of the jaw, atypical subtrochanteric and femoral fractures, and esophageal cancer with an
emphasis on long-term duration of use of bisphosphonates for the prevention and treatment
of osteoporosis.

2.3.1 Osteonecrosis of the Jaw

Because it is a relatively rare disease, few studies have been able to evaluate the potential
association between bisphosphonates and osteonecrosis of the jaw (ONJ). The incidence of
ONJ among the general population is unknown but is estimated to be in the range of 1-5%
among cancer patients who receive intravenous (IV) bisphosphonates for management of
skeletal lesions.” Three observational studies identified a 4 to 5-fold increased risk of an ONJ
disease-related procedure or diagnosis associated with IV bisphosphonate use for cancer

> Wysowski DK. Reports of Esophageal Cancer with Oral Bisphosphonate Use. N Engl J Med, January 1,
2009. 360: 1

% Wysowski DK. More on Reports of Esophageal Cancer with Oral Bisphosphonate Use. N Engl J Med, April
23,2009. 360: 17

7 Cardwell CR, Abnet CC, Cantwell MM, Murray LJ. Exposure to oral bisphosphonates and risk of esophageal
cancer. JAMA 2010;304:657-663 (1).

¥ Green J, Czanner G, Reeves G, Watson J, Wise L, Beral V. Oral bisphosphonates and risk of cancer of the
oesophagus, stomach, and colorectum: case-control analysis within a UK primary care cohort. BMJ
2010;341:doi:10.1136/bmj.c4444 (2).

’Lo JC et al. Predicting Risk of Osteonecrosis of the Jaw with Oral Bisphosphonate Exposure (PROBE)
Investigators. Prevalence of osteonecrosis of the jaw in patients with oral bisphosphonate exposure. J Oral
Maxillofac Surg. 2010 Feb;68(2):243-53.
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indications.'%!"*!2 The focus of this background document, however, is the use of

bisphosphonates for the prevention and treatment of osteoporosis.

To obtain safety information on oral bisphosphonates, FDA collaborated with Kaiser
Permanente of Northern California (KPNC) in 2006 to conduct a pharmacoepidemiologic
study with the purpose of quantifying and characterizing the risk of ONJ with oral
bisphosphonates [see McCloskey Review in Appendix 4]. The “Predicting Risk of
Osteonecrosis with Bisphosphonate Exposure” (PROBE) study was a cross-sectional study’
conducted to determine the prevalence of ONJ among patients using oral bisphosphonates
(Phase I) and to examine other possible risk factors and effect modifiers for the development
of ONJ among patients with oral bisphosphonate exposure (Phase II).

A dental symptom survey was mailed to 13,946 adult members of KPNC aged 21 to 90 years
in 2007 with any oral bisphosphonate prescriptions (alendronate, ibandronate, and
risedronate) for at least one year. The survey inquired about dental symptoms including
moderate periodontal disease, history of gingival/palatal sores, exposed bone/ONJ, history of
complication after invasive dental procedure and persistent/current symptoms of gums, teeth
or jaw in year prior to survey. Responses were received from 8572 (62%) patients who were
surveyed. Responders who reported oral or dental symptoms (n=2159) were invited for a
screening examination or verification of oral health status through dental record review. All
highly suspicious cases were then evaluated by an oral surgeon and adjudicated as ONJ,
ONJ-like findings, or Stage 0 disease using the following definitions (Table 5)"°.

10 Zavras AI, Zhu S. Bisphosphonates are associated with increased risk for jaw surgery in medical claims data:
is it osteonecrosis? J Oral Maxillofac Surg. 2006 Jun;64(6):917-23.

" Wilkinson GS, et al. "Intravenous bisphosphonate therapy and inflammatory conditions or surgery of the jaw:
a population-based analysis." Journal of the National Cancer Institute 99.13 (2007):1016-1024.

12 Cartsos VM, Zhu S, Zavras Al. Bisphosphonate use and the risk of adverse jaw outcomes: a medical claims
study of 714,217 people. ] Am Dent Assoc. 2008 Jan;139(1):23-30

> ONJ (including Stage 0) are based on the American Association of Oral and Maxillofacial Surgeons
(AAOMS) Position Paper published in 2009.
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Table 5: ONJ Definitions

Outcome Definition

Osteonecrosis of the Jaw | 1. Current or previous treatment with a bisphosphonate

(ONJ) 2. Exposed bone in the maxillofacial region persisting >8 weeks
3. No history of radiation treatment to the jaws

ONJ-like Findings 1. Current or previous treatment with a bisphosphonate

2. Findings concerning for ONJ but not meeting the case
definition (<8 weeks exposed bone, purulent osteomyelitis)

Stage 0 BRONJ Based on AAOMS definition of Stage 0 BRONJ

1. Current or previous treatment with a bisphosphonate

2. No clinical evidence of exposed or necrotic bone

3. Concerning radiographic findings, including dense sclerotic
bone, thickening of the lamina dura; persistence of unremodeled
bone in extraction sockets.

The prevalence of ONJ (excluding Stage 0 disease) among survey respondents was 0.1%
(95% confidence interval 0.05% to 0.2%) or a frequency of 28 (95% CI 14 to 53) per
100,000 person-years of oral bisphosphonate treatment (Figure 1). All cases were Stage 1 or
2. About 78% (n=7) of the ONIJ patients were exposed to oral bisphosphonates for 4 or more
years with a median duration of 4.4 years; the minimum number of years exposed was 2.6.
The median duration of exposure among those without ONJ was 3.5 years.

Figure 1. Prevalence of ONJ by Bisphosphonate Duration - PROBE Study 2007

Prevalence of ONJ by BP Duration
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When adjusted for age and presence of rheumatoid arthritis a four-fold increased odds of
ONJ was observed among patients who used bisphosphonates for 4 or more years compared
to those who used the medication for less than 4 years [OR=4.45, 95%CI (0.92 to 21.54)].

An additional 10 cases of Stage 0 BRONJ and 10 cases with ONJ-like findings were
identified. Analyses were done using a composite outcome of ONJ, ONJ-like findings, and
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Stage 0 disease. Again patients with longer duration of use (4 years or greater) had an
increased odds of disease [OR=2.11, 95%CI (1 to 4.46)].

Conclusion

The data are suggestive of an increased prevalence of ONJ and ONJ-like findings with
increased duration of exposure to oral bisphosphonates, with the highest prevalence
occurring at 4 or more years of use. These results should be interpreted with caution as this
study is a prevalence study and was not designed to determine whether the outcome occurred
before or after initiation of therapy. Causation of ONJ by oral bisphosphonates would need to
be confirmed with longitudinal studies with appropriate comparator groups, designed to
account for other potential confounding factors. This has proven difficult given the rarity of
ONJ.

2.3.2 Atypical Fractures

A number of case series and case reports have been published since 2005 describing unusual
femoral fractures which were identified in patients taking bisphosphonate drug products.'
In response, several epidemiologic studies have been conducted to evaluate this potential
association between bisphosphonates and these unusual fractures which have been designated
as atypical. However, the definition of atypical femoral fracture has been inconsistent across
these studies and reports. Some s