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19
20 Bone-active agents that decrease bone turnover (the anti-resorptive agents) have been, to date,
21 the most thoroughly studied pharmacological agents for the management of osteoporosis in a va-

22 riety of populations — postmenopausal, male, and glucocorticoid-induced osteoporosis — and
23 have received both Food and Drug Administration (FDA) and Committee for Medicinal Prod-
24 ucts for Human Use (CHMP) as well as other worldwide registrations for the management
of these conditions. While the mechanisms of action of ‘anti-resorptives’ as a class differ; their

iz effect on increasing bone strength and reducing the risk of fragility fractures share common
7 pathways: an increase in bone mineral content, and a reduction in bone turnover. Within the
28 category of anti-resorptives: estrogen, selective estrogen receptor modulators, tibolone, calci-

tonin, bisphosphonates and denosumab all reduce vertebral fractures risk, but differ in their abil-
29 ity to reduce the risk of non-vertebral fractures in randomized clinical trials. This chapter will
;? discuss the data on these effects for each class of anti-resorptive agent.

32 Key words: anti-resorptive; osteoporosis; bone mineral density; bone turnover; fragility frac-
33 tures; vertebral fractures; non-vertebral fractures; estrogens; selective estrogen receptor mod-
34 ulators; tibolone; calcitonin; bisphosphonates; denosumab.

36

37 Bone remodeling is an ongoing process in human bone biology that is necessary to re-
38 pair micro-damage and renew skeletal integrity and strength.'” The process of bone
39 remodeling in human beings replaces the entire human skeleton every decade. Bone
40 resorption is intimately coupled to bone formation, and vice versa. This process is reg-
41 ulated by both systemic as well as local regulators of bone cell activity.*™ Systemic reg-
42 ulators of osteoblast differentiation and activity include endogenous parathyroid
43 hormone (PTH), vitamin D metabolites, the interleukins, prostaglandins, phosphato-
44 nins, and the steroid hormones: both gonadal (estrogen and testosterone) and corti-
45 sol. Local regulators of bone remodeling that determine osteoclast differentiation and
46
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51 activity are the rank-ligand (RankL) and osteoprotogerin (OPG), peptides that ema-
52 nate from osteoblasts. Osteoclast receptor rank and RankL binding leads to osteoclas-
53 togenesis. The decoy receptor to Rank (OPG), binding to RankL leads to an increase
54 in osteoclast activity, since less RankL is available to down-regulate Rank. Inhibitors of
55 RankL (such as anti-Rank ligand antibody) lead to a decrease in osteoclastogenesis and
56 osteoclast activity, thus reducing bone resorption.® Regulation of bone remodeling
57 also includes the dominant cell in bone, the osteocyte.7‘8 The osteocyte-derived phos-
58 phatonin, fibroblast growth factor 23 (FGF-23) and sclerostin also have direct and in-
59 direct effects on bone turnover.”'? Specifically, sclerostin down-regulates the critical
60 osteoblast regulator, Wnt, and inhibition of sclerostin also leads to an increase in os-
61 teoblast genesis and activity, as does a group of peptides that may modify osteoblast
62 Q2 activity independently of Wnt. These include DKKI.
63 Osteocytes also respond to mechanical signals which lead to alterations in perios-
64 teal bone formation and bone strength. Low-level mechanical signals are anabolic to
65 bone via pathways that involve, in large part, the osteocyte mechanostat.”
66 Finally, there is a growing body of evidence that fat cells (adipocytes) may have a reg-
67 ulatory role in bone remodeling by affecting osteoblast differentiation via a number of
68 pathways.'""'?
69 Thus, while many local and systemic factors regulate osteoblast differentiation and
70 activity, the final common pathway emanating from osteoblasts that regulate osteoclast
71 activity is the RanklL—osteoprotogerin competitive binding to osteoclast receptor,
2 Rank. Since pharmacological ‘anti-resorptive’ agents alter bone resorption by altering
73 osteoclast activity, this chapter will focus on how these agents affect bone turnover
74 and bone strength, and reduce the risk for low-trauma fractures. While some of
75 the anti-resorptive agents alter bone turnover by affecting the RankL system — estro-
76 gens, selective estrogen receptor modulators (SERMs), tibolone, denosumab — others
77 have direct effects on osteoclasts (calcitonin, bisphosphonates).'*'*
78
79 ESTROGENS
80
81 Estrogens are anti-resorptive agents that inhibit bone resorption, increase bone min-
82 eral density (BMD), and reduce the risk for both vertebral and hip fractures. While
83 there are abundant data on the effect of estrogens on surrogate markers of bone
84 strength (improvements in BMD and reduction in bone turnover markers?, the best
85 prospective fracture data come from the Women's Health Initiative (WHI).">'® Doses
86 of hormonal replacement therapy (HRT) containing either 0.625 mg/day of conjugated
87 equine estrogen plus 5 mg/day of methoxyprogesterone or 0.625 mg/day of estrogen
88 alone significantly reduced the incidence of fractures at all skeletal sites as compared
89 to placebo. One of the unique observations concerning the fracture data from the
90 WHI is the reduction in fractures in a predominately non-osteoporotic (by World
91 Health Organization BMD criteria). While the majority of patients randomized in
92 the WHI population did not have BMD measurements, there is a reasonable amount
93 of indirect data to suggest that, by WHO criteria, these patients were not osteopo-
94 rotic.'” While lower doses of estrogen have been shown to reduce bone turnover
95 and increase BMD, prospective evidence showing a reduction in risk for fracture
96 with-low dose estrogen is lacking.'®'? There are plausible reasons to attempt to utilize
97 lower doses of HRT for whatever indication, including a better safety profile at lower
98 doses. Although HRT is no longer registered for the treatment of osteoporosis, there
99 are concrete reasons to consider their application in early menopausal women, and
100 prevention of the loss of BMD is an additional benefit.
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100 SELECTIVE ESTROGEN RECEPTOR MODULATORS (SERMS)
102

103 The SERMs are molecules that share agonist and antagonistic mechanisms of action
104 with the estrogen receptor.2’ While agonistic to bone, they are antagonistic to the
105 estrogen receptor on breast and uterine endometrial tissue. Two SERMs are regis-
106 tered for management of postmenopausal osteoporosis (PMO), raloxifene and baze-
107 doxifene, and there are additional SERMs in clinical trial developmental stages. The
108 first SERM registered for the prevention and treatment of postmenopausal osteopo-
109 rosis is raloxifene.?’ Bazedoxifene is registered for the prevention of postmeno-
110 pausal bone loss and is under FDA consideration for a treatment indication after
111 recently presented evidence for a significant reduction in vertebral fracture inci-
112 dence in postmenopausal women with osteoporosis.”?> The pivotal raloxifene trial
113 given the acronym MORE (Multiple Outcomes Raloxifene Evaluation) demonstrated
114 that raloxifene (60 mg/day, the registered dose) reduced the incidence of new
115 vertebral fractures in women with or without prevalent vertebral fractures yet
116 who had baseline BMD standard deviation scores from the young normal premen-
117 opausal mean (T scores) of —2.0 or lower. There has been no evidence that ralox-
118 ifene reduces the incident of non-vertebral or hip fractures. Raloxifene has also
119 recently received registration for the reduction of invasive breast cancer.*** For
120 the management of skeletal health, raloxifene is perhaps most valuable for early
121 and younger postmenopausal women with low BMD at the spine or with vertebral
122 fractures but normal BMD at the hip, where the goal of treatment is to reduce
123 the risk of vertebral fractures and the risk for non-vertebral fractures is lower.
124 The same population could be selected for the use of bazedoxifene, which lowers
125 the risk of incident vertebral fractures but, like raloxifene, had no evidence for
126 the reduction of non-vertebral or hip fractures. Both of these SERMs may induce
127 hot flushes and have a small but significant increase risk for thromboembolic events,
128 such that their use should be avoided in women with a history of venous thrombo-
129 sis. There are current clinical trials examining the potential ability of newer SERMs
130 to cause fewer hot flush events, and combining bazedoxifene with low-dose estro-
131 gen to achieve fewer hot flushes while retaining the breast- and uterine-protective
132 effects of SERMs. There are no head-to-head fracture comparisons between or

133 among the SERMs.
134

135 TIBOLONE

136

137 Tibolone, an analogue of the progestin norethynodrel, is a drug with tissue-specific
138 effects on receptors and enzymes that influences the synthesis and metabolism of
139 endogenous estrogen, progesterone, and androgen.”® This is achieved via the intestinal
140 bioconversion of tibolone into metabolites that have tissue-specific agonistic and/or
141 antagonistic estrogenic (3a- and 3B-hydroxytibolone) and progestogenic/androgenic
142 (34 tibolone) properties. Tibolone is registered in Europe for the prevention and
143 treatment of postmenopausal osteoporosis; it reduces hot flushes, and may improve
144 sexual dysfunction.?®?’ In a head-to-head comparator trial the registered dose of tibo-
145 lone (1.25 mg/day) increased spine and hip BMD to a greater amount than raloxifene,
146 and recently tibolone has also been shown to reduce the incidence of vertebral
147 compression fractures.”® From surrogate marker data, tibolone increases BMD and re-
148 duces bone turnover, similar to the effect seen with estrogens. In the USA the pivotal
149 prospective fracture trial was terminated early due to a greater risk of cerebrovascular
150 accidents.
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151 CALCITONIN
152
153 Calcitonin, a peptide derived from the parafollicular cells of the thyroid, is an inhibitor
154 of osteoclast activity.”? In the management of PMO, most of the marketed forms of
155 calcitonin are concentrated from the thyroid glands of salmon, although eel and human
156 synthetic forms are also available.>®3' Calcitonin is available in both injectable and
157 nasal-spray formulations. The registered formulation and dose for PMO for nasal cal-
158 citonin is 200 |U/day, which is a single nasal-spray administration or 100 IU/day in the
159 subcutaneous injectable formulation. In the pivotal clinical trial that led to the registra-
160 tion of nasal calcitonin, only the 200 IU/day dosage reduced the incidence of vertebral
161 com:l:ression fractures, but the lower (100 1U/day) or higher (400 IU/day) doses did
162 not.>? Furthermore, there was no effect of any nasal-spray calcitonin dose on the
163 incidence of non-vertebral or hip fractures. It has been suggested that calcitonin
164 may improve bone strength through changes in bone micro-architecture, although
165 this hypothesis has not been validated.>> Calcitonin may have an analgesic effect on
166 acute or chronic vertebral compression fractures, although the data are inconsistent
167 for this potential benefit.>* Side-effects with calcitonin are uncommon, but the inject-
168 able formulation may be associated with nausea. There have been rare reports of
169 allergic reactions to the salmon preparation in the injectable form. Calcitonin use
170 has been most popular in the elderly population who may not be able to follow the
171 dosing instructions for oral bisphosphonates.
172
173 BISPHOSPHONATES
174
175 Bisphosphonates are biochemical analogues of naturally occurring pyrophosphate.
176 Bisphosphonates have high affinity for bone, attaching to the denuded bone-resorptive
177 cavity calcium—phosphorus surface by a physiochemical mechanism and reduces the
178 depth of the resorption cavity.>>® Reducing both the number (remodeling space)
179 and depth of the resorption cavity (stress risers) is a major mechanism whereby
180 bisphosphonates increase bone mineral content and bone strength. Bisphosphonates
181 also have a cellular effect on all three bone cell lines. Their best-studied and best-
182 understood effect is on osteoclasts, where they are taken up by osteoclasts at the
183 resorptive cavity site, altering their intracellular function and leading to a decrease
184 in osteoclast activity and, perhaps, life span (apoptosis).?’*® Bisphosphonates have
185 unique pharmacokinetic properties, especially in that they are not metabolized, have
186 a very long half-life in bone, are recycled — unchanged in molecular structure — back
187 into the circulation where they can maintain a reduced bone-remodeling space and
188 turnover even though they are not being provided to the patient. This recycling comes
189 from both a detachment from the bone surface during bone resorption and by passing
190 through the cell membrane of the osteoclast by a process termed 'cr'anscytosis.39 The
191 bisphosphonate that is not in bone is excreted in the urine unchanged by either
192 glomerular filtration or proximal tubular secretion. Approximately 50% of a given
193 bisphosphonate dose is bound to bone, and 50% is excreted by the kidney. The effect
194 of bisphosphonates on osteoblasts and osteocytes is becoming better clarified. In
195 these cell lines they may be anti-apoptotic.***'
196 Bisphosphonates have been registered for the prevention and treatment of osteo-
197 porosis in the postmenopausal population, as well as in men and in patients on chronic
198 glucocorticoids.**** Whereas the registration for PMO is based on 3 years of incident
199 vertebral fracture risk reduction as compared to that in a placebo group, the registra-
200 tion for glucocorticoid and male osteoporosis is based on surrogate marker rather
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201 than fracture data. Likewise, all of the intermittent (weekly, intravenous quarterly, and
202 monthly) blsphosphonate formulations have been approved on the basis of surrogate
203 marker data.*** For registration of these non-daily formulations, the scientific re-
204 quirement was a non-inferiority end-point in BMD — that the intermittent formulations
205 increased spine BMD by dual energy x-ray absorptiometry (DXA) equal to the frac-
206 ture proven daily dose. The only intermittent bisphosphonate formulation that has di-
207 rect prospective fracture data as compared to placebo is the annual intravenous
208 zoledronic acid formulation. In the pivotal registration clinical trial for zoledronic
209 acid, this bisphosphonate (5 mg/year for 3 years) reduced the risk of vertebral, non-
210 vertebral, and hip fractures. These effects were seen even in the first year of
211 administration.*

212 The ability of bisphosphonates to be given in less frequent dosing intervals is prob-
213 ably related to their affinity for and slow detachment from bone resorption cavities.
214 While there are clear distinctions among the bisphosphonates in their physiochemical
215 properties and effects on the osteoclast enzyme farnesyl pyrophosphate synthetase
216 (FPPS), differences in their biology in vivo or in human beings is less clear. In addition,
217 since there are no head-to-head comparative fracture data, any statements concerning
218 fracture reduction benefits of one bisphosphonate over another are speculative. Since
219 the bisphosphonates have been the most widely studied anti-resorptive agents, as well
220 as the most widely prescribed agents for the management of osteoporosis, the follow-
221 ing paragraphs will detail the clinical trial data and/or meta-analysis of each bisphosph-
222 onate in terms of its efficacy as well as safety.

223

224  Etidronate

225

226 Etidronate, a non-aminobisphosphonate and the first bisphosphonate to be developed
227 and reglstered for osteoporosis, is registered for the treatment of PMO in most
228 nations.* Reglstratlon in the United States was not obtained because the clinical reg-

229 istration trial did not achieve the required 3-year reduction in incident vertebral frac-
230 ture as compared to placebo. The etidronate registration clinical trial was statistically
231 powered for the primary end-point then required by the FDA for registration of treat-

232 ment for PMO: i.e. a significant increase in spine BMD as compared to placebo. While
233 this bisphosphonate trial was under way, the United States fluoride data were pub-
234 lished, where 80 mg/day of sodium fluoride induced a linear increase in spine BMD
235 yet no reduction i in fractures and even a higher risk for non-vertebral fracture as com-
236 pared to placebo.*® With this new information and apparent disconnection between
237 the increase in BMD and reduction in fracture risk, the FDA changed the primary
238 end-point for registration from a BMD end-point to the 3-year reduction in fracture
239 risk. Despite the fact that the cyclical etidronate pivotal clinical trial was not powered
240 for fracture risk reduction, the data did show significant reduction in incident vertebral
241 fractures through 2 years as compared to placebo, and reduction through 3 years in
242 a post-hoc analysis of a subset of the initial randomized population. Nevertheless,
243 USA registration was not obtained. Through many years of clinical practice, cyclical
244 (400 mg QD for 14 days, repeated every 74 days) has been an effective intervention
245 for the management of osteoporosis in many parts of the world. In addition, analysis
246 from the UK General Practice Research Database (GPRD) has suggested that etidro-
247 nate reduces the risk for hip fractures.*” Despite this evidence, etidronate is less
248 frequently used for the management of PMO due to the more compelling evidence
249 for prospective fracture risk reduction by the aminobisphosphonates (alendronate,
250 risedronate, ibandronate, and zoledronic acid).
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251 Etidronate is safe in prescribed doses even on quantitative bone histomorphome-
252 try.>® While higher doses of etidronate have been associated with a mineralization de-
253 fect and even frank osteomalacia, this defect in mineralization has not been seen with
254 cyclical, intermittent use. While the aminobisphosphonates may be associated with
255 upper gastrointestinal side-effects (UGI), UGI side-effects are uncommon with etidro-
256 nate, while lower gastrointestinal side-effects are more common with etidronate.
257
258 Alendronate
259
260 Alendronate was the first registered aminobisphosphonate for the management of
261 PMO. The pivotal registration clinical trial that led to the registration of alendronate,
262 the fracture intervention (FIT) trial, randomized postmenopausal women with (FIT-1)
263 or without (FIT-2) prevalent vertebral compression fractures, and used 5 mg/day for
264 the first 2 years and 10 mg/day for the third year.>'>? This trial demonstrated a signif-
265 icant reduction in incident vertebral fractures in both populations. Reduction of non-
266 vertebral fractures was not observed in either population (except wrist fracture
267 reduction in FIT-1) fractures. Hip-fracture reduction was observed in FIT-1 but not
268 FIT-2, except in a post-hoc analysis of the population randomized using the hip refer-
269 ence population database (National Health and Nutrition Examination Survey llI
270 {NHANES-III}) with T scores of —2.5 or lower. Nevertheless, based on these data,
271 alendronate is registered for the reduction of vertebral and hip fractures, but not
272 non-vertebral fractures, at a dose of 10 mg/day. Interestingly, most of the fracture
273 risk reduction in the alendronate trials was seen with the 5-mg/day dose used for
274 the first 2 years of the 3-year registration trial. In a separate, non-registration trial,
275 70 mg/week of alendronate was effective in reducing the risk of non-vertebral frac-
276 tures as compared to control.>> Although the 35-mg/week formulation is registered
271 for the prevention of early postmenopausal bone loss, and might be considered off-
278 label for treatment (e.g. gastrointestinal tolerability at higher doses) of PMO, in
279 most countries the price of the 35 mg/week versus the 70 mg/week is comparable.
280 Hence, the recommendation is to use the 70 mg/week formulation, if the intermittent
281 dosing formulation is used.
282 While there are no head-to-head fracture comparative trials between or among the
283 bisphosphonates, there has been a prospective and randomized 2-year trial comparing
284 alendronate (70 mg/week) to risedronate (35 mg/week), with the end-points being
285 changes in BMD and bone turnover markers (BTMs) between these two aminobi-
286 sphosphonates. This trial, given the acronym ‘FACT’ (fosamax actonel comparator trial)
287 did show that weekly alendronate significantly increased BMD and reduced BTMs
288 greater than changes in similar surrogate markers than risedronate.>* However, this
289 trial was not designed as a fracture comparative trial, so there cannot be any firm con-
290 clusions about differences between these bisphosphonates and improvements in bone
291 strength. In general, bisphosphonates increase bone strength through multiple mecha-
292 nisms, and the relationship between changes in BMD mediated by bisyhosphonates and
293 changes in bone strength is neither linear nor proportional.*>>*>% Hence, although
294 greater improvements in BMD are associated with greater improvements in bone
295 strength, both in individual trial analysis as well as meta-analysis of bisphosphonates,
296 because the relationship is not linear, differences in bone strength mediated between
297 or among bisphosphonates as a function of changes in DXA-derived BMD remain spec-
298 ulative.*”®' This non-linear relationship is related to the data that bisphosphonates
299 improve bone strength through multiple mechanisms, and these non-BMD factors
300 (e.g. bone quality) cannot be measured in clinical practice at this time.®*™*’
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301 One additional alendronate dataset should be discussed here: the ‘FLEX’ trial (Fo-
302 samax Long Term Extension).®® FLEX followed a subset of the original FIT trials for 10
303 years, and to keep the analysis practical, fundamentally, patients were followed for
304 either 10 years on continuous alendronate, or were on alendronate for 5 years and
305 then off therapy for the following 5 years. Patients on 10 years had a slight continual
306 rise in spine and hip BMD and reduction in BTMs, while those on 5 years and then
307 off for 5 years had also had a suppression of BTMs; although the resorption markers
308 for this group of patients began to rise during the ‘off’ period, they never approached
309 the baseline, pre-treatment level. The BMD response during the off period was hetero-
310 geneous: the spine BMD remained stable, while the total hip BMD returned to base-
311 line. The real question is: what happened to bone strength during the ‘off period’? This
312 is where the data become less certain, since the number of fractures in the continu-
313 ously treated group versus the discontinued group are small in number, and since
314 the follow-up period was not randomized, there may be selection biases. Nevertheless,
315 FLEX represents the longest-term follow-up data off bisphosphonates. During the 5-
316 vyear follow-up, there were no differences in hip, morphometric or non-vertebral frac-
317 tures between the continuously treated as compared to the discontinuously treated
318 groups. There was a significantly greater number of clinical vertebral fractures in the
319 discontinuous group (5% in 437 patients) as compared to the continuously treated
320 group (2% in 662 patients; P < 0.05). Given the limitations of these data, they still rep-
321 resents the longest data available off bisphosphonates after long-term use. The data do
322 provide clinicians with some scientific grounds for suggesting a ‘drug holiday’ from
323 bisphosphonates. How long alendronate should be administered before considering
324 a bisphosphonate break is another question that has recently been raised by Curtis
325 and colleagues.’® These investigators conducted a post-hoc analysis of a large US
326 health-care database and observed that patients given a ‘drug holiday’ from alendronate
327 who had been on this bisphosphonate for 2 years or less had a greater risk for hip frac-
328 tures than those patients on alendronate for more than 2 years. These data might sug-
329 gest that a certain amount of skeletal loading could be necessary to see a protective
330 effect after discontinuation. In a separate short-term follow-up risedronate study,

331 WVatts and colleagues did not see an increase in fracture risk in a subset of risedronate
332 patients.
333 Why would a drug holiday even be considered? When bisphosphonates were

334 first registered for PMO, younger postmenopausal women were infrequently
335 counseled on bisphosphonate use to protect their skeletal health. This paradigm
336 changed after the publication of the Women’s Health Initiative where data sug-
337 gested that HRT increased the risk of cardiovascular disease in women started
338 on HRT. Women who were concerned about osteoporosis increasingly sought
339 counsel and BMD testing, and many were begun on bisphosphonates in their
340 early postmenopausal years. At that time physicians increasingly began to ask
341 questions about the duration of bisphosphonate use. Based on the science unrav-
342 eling the long bone retention and then the recycling of biologically active
343 bisphosphonates, the consideration of a ‘drug holiday’ became a real consider-
344 ation. Since the true half-life among bisphosphonates is unknown in head-to-
345 head comparative studies in human beings, it remains unknown whether the
346 bisphosphonate-off period could differ among bisphosphonates. Only opinion ex-
347 ists in providing recommendations of the duration of any ‘drug holiday’ among
348 the different bisphosphonates. The pragmatic approach is to measure annual
349 BMD and BTM in such patients and make clinical decisions according to the
350 changes in these surrogate markers.
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351 Risedronate
352
353 Risedronate is the second aminobisphosphonate registered worldwide for the
354 management of PMO. While it is another aminobisphosphonate, it differs chemi-
355 cally from alendronate in that the nitrogen atom is incorporated into a pyridino-
356 line ring. This chemical difference is hypothesized to potentially make risedronate
357 less irritating to the upper gastrointestinal mucosa, although evidence for this
358 potential difference is based on weak data. However, the pivotal trials document-
359 ing the benefit of risedronate to reduce fracture risk are compelling. As with all
360 other bisphosphonate fracture data, the registration trials showing a fracture
361 reductlon beneft are based on the daily (5 mg/day) formulation as compared to
362 placebo.”"”2 In this regard, risedronate is effective in reducing the incidence of
363 vertebral fractures, and has the longest placebo- controlled data showing risk re-
364 duction through 5 years as compared to placebo.”? In addition, the risedronate
365 data are the only data showing a ?rospectlve reduction in non-vertebral fracture
366 risk with an oral bisphosphonate.”' The risedronate clinical trials were designed
367 such that vertebral x-rays were performed at baseline and the first year after
368 initiating risedronate. In this manner, the daily risedronate dose was shown to
369 reduce the incidence of vertebral fractures in | year. This may be an important
370 observation, since in the placebo group those patients with a radiographic verte-
37 bral fracture within the first year of these risedronate clinical trials had a very
372 high risk for another vertebral fracture within the following 12 months. Other
373 clinical trials with oral bisphosphonates either did not examine incident vertebral
374 fractures at year | or, if they did, did not demonstrate or report the data.”*”>
375 While the hypothesis of ‘speed-of-onset’ has been suggested from this early
376 risk reduction seen with risedronate, it remains a speculative finding due to the
377 absence of head-to-head fracture data. Post-hoc data of the risedronate datasets,
378 as well as prescription/hospital-based records, suggest an earlier onset of effect
379 for non-vertebral as well as hip fractures with risedronate as compared to aledr-
380 onate, these data are biased by selection and confounder.”® Risedronate does
381 have the largest prospective hip fracture trial of all Bisphosphonates.”” There
382 was a significant reduction in hip fractures in those patients randomized with
383 a femoral neck T score <—2.5. Although a robust finding, risedronate did not
384 gain registration for hip fracture reduction due to the registration agency require-
385 ments that the primary end-point must be achieved first, and the hip fracture
386 reduction in those randomized with WHO osteoporosis at the hip was a second-
387 ary end-point. Recently, the monthly formulation (150 mg/month) of risedronate
388 was registered.’”® It is hoped that these intermittent — as opposed to the daily —
389 formulations will lead to better compliance with bisphosphonates that might
390 translate into better risk reduction and overall costs of osteoporosis.””
391
392 Ibandronate
393
394 Ibandronate was reglstered for the treatment of PMO (2.5 mg/day) on the basis of the
395 registration trial.”> The monthly formulation (150 mg/month) was subsequently ap-
396 proved, as the other less frequent dosing schedules for oral bisphosphonates, on
397 the basis of a non-inferiority end-point: that the increase in splne BMD with monthly
398 ibandronate was equivalent to the fracture proven daily dosage.!® Ibandronate was
399 also the first intravenous bisphosphonate registered for the treatment of PMO
400 (3 mg intravenous injection every 3 months) also on the basis of a non-inferiority
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401 end-point:.gl'82 The fracture proven daily dose did not show evidence of reduction in
402 non-vertebral or hip fractures in prospective data, but did show a reduction in non-
403 vertebral fractures in a post-hoc analysis in a subset of the initial randomized popula-
404 tion in whom femoral neck T scores were <—3.0. As previously stated, non-vertebral
405 or hip fracture data are not as robust as primary end-point vertebral fracture data.®>84
406 It is interesting to also be cognizant of a post-hoc analysis examining the relationship
407 between the calculated cumulative dose of ibandronate (termed the annual cumulative
408 exposure, ACE) and the reduction in non-vertebral fracture (and hip fracture)
409 events.®>®® In these two analyses, the higher ACE obtained with the higher doses of
410 jbandronate (150 mg/month or 3 mg intravenously every 3 months) was associated
411 with significant reductions in non-vertebral as well as hip fractures as compared to
412 the registration dose (2.5 mg/day) or other lower doses of ibandronate. These data
413 lead to interesting speculation that the higher blood levels that might be obtained
414 might lead to greater risk reduction than can be achieved with lower doses. Finally,
415 in a head-to-head non-inferiority trial comparing monthly ibandronate to weekly
416 alendronate, both formulatlons were equal in their increases in BMD and without
417 differences in safety profiles.®’”

418

419

420  Zoldedronic acid

421

422 Intravenous (5 mg in a 15-minute infusion) of zoledronic acid, given for three annual
423 infusions, was the first intermittent bisphosphonate formulation to have randomized,

424 prospective data to show a reduction in the incidence of vertebral and non-vertebral
425 (including hip) fractures in a postmenopausal population as compared to placebo.* In
426 addition, this bisphosphonate reduced the fracture risk in randomized patients who
427 were treatment-naive (labeled ‘stratum I) as well as in a smaller sample size of the
428 original randomized population who were on and continued for the first year of the
429 3-year trial who were receiving a different anti-resorptive agent (calcitonin or ralox-
430 ifene). There are ongoing analyses (extension studies) of this population that should
431 answer many long-term management questions. One of these questions is: are three
432 annual infusions of zoledronic acid all that is required to have long-term maintenance
433 of bone turnover and risk reduction? This discussion emanates from the known high
434 affinity for the crystal surface of zoledronic acid, the long-term suppression of bone
435 turnover markers (124 months) seen after a single 4-mg infusion of zoledronic acid
436 in the dose-ranging study, and the alendronate FLEX data previously mentioned where
437 there may be sustamed effects on bone biology after the skeleton has been loaded with
438 bisphosphonate.®® It is possible that, after three annual infusions, there is enough
439 zoledronic acid in the bone to be re-cycled, allowing maintenance of BMD and BTM
440 and risk reduction.®’ The extensions studies of the pivotal zoledronic acid registration
441 trials for PMO will help answer some of the questions concerning duration of use, pos-
442 sible drug holidays, or the need to continue therapy beyond 3 years. Most of the
443 extension-study data will, by virtue of selection biases and use of surrogate markers
444 for fracture, be suggestive of long-term outcomes rather than definitive scientific an-
445 swers. This latter comment is a simple fact from the nature of studies (including FACT)
446 that do not retain all of the initial randomized study population. Nevertheless, the

447 long-term extension studies of the zoledronic acid registration trial will provide valu-
448 able data to guide physicians on the long-term use of zoledronic acid for PMO.
449 Finally, zoledronic acid was shown in a separate trial to reduce the incidence of

450 asecond clinical fracture in elderly patients with a recent hip fracture.”® An interesting
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451 and unexplained observation in this trial by Lyles et al is that the overall mortality rate
452 was also lower in the patients that received zoledronic acid than placebo.
453
454
455 DENOSUMAB
456
457 The first monoclonal antibody to RankL (denosumab) will offer another choice for the
458 management of PMO.”""*? The phase-Il clinical dose-ranging data, now extended for 4
459 years, shows that the planned registered dose (60 mg subcutaneously every 6 months)
460 has a rapid onset of inhibition of bone turnover to a greater extent than with alendr-
461 onate (70 mg/week), and that this reduction of bone turnover dissipates rapidly after
462 discontinuation of denosumab, while reintroduction of denosumab results in a return
463 of responsiveness when re-started.” Furthermore, the return of denosumab’s respon-
464 siveness after | year of discontinuation mimics (slope of the decline in BTM) that seen
465 with treatment-naive patients. Hence, it would appear that there is no blunting of the
466 BTM effects of denosumab after prior denosumab exposure. A very interesting obser-
467 vation for the long-term phase-ll denosumab data is that early on in the off-set phase
468 after | year of prior treatment is that both the serum CTX as well as BSAP not only
469 return to baseline but go above baseline (‘over-shoot’), yet nevertheless return to
470 baseline the following year even though additional therapy has been applied. The basic
471 bone biology leading to the overshoot and return to baseline is unknown. There are
472 theories that bone tissue is responding as a mechanostat in these scenarios, and read-
473 justing its level of turnover as a function of the mechanostat regulation of bone.”* This
474 theory is supported by the BMD responses after continual discontinuation of denosu-
475 mab. During the first year after discontinuation, BMD of the spine and hip all decline to
476 baseline. However, during the second year of discontinuation, where there has been
471 no denosumab in the bone for at least | year, the BMD at all skeletal sites increases
478 again to baseline. These returns (decreases) in BTM and increases in BMD, despite de-
479 nosumab being no longer available, are suggestive of a mechanostat homeostasis ad-
480 justment in remodeling. Since the pharmacokinetics of denosumab differs from
481 those of bisphosphonates in many ways, including the absence of bone retention for
482 denosumab, it is entirely plausible that the readjustment in bone turnover and density
483 seen after densoumab exposure followed by discontinuation is unrelated to the drug.
484 A mechanostat hypothesis highly likely to provide at least some of the answers.
485 In the three phase-ll denosumab publications, an increase in forearm BMD was
486 observed with denosumab administration, while the forearm BMD declined in the
487 placebo as well as the alendronate groups. Forearm BMD also either remained un-
488 changed or declined in the other registered bisphosphonate clinical trials, as well
489 as in the 1-34 and 1-84 parathyroid hormone (PTH) trials. This unique property
490 of denosumab is intriguing, and there is speculation that this increase in forearm
491 BMD may suggest differential effects of denosumab on cortical bone and perhaps
492 on cortical bone strength. Preliminary data do show an increase in forearm and spine
493 quantitative computerized tomography (QcT) at both QcT-measured cancellous and
494 cortical bone forearm sites.”” This denosumab effect on cortical bone, combined
495 with the observations that denosumab increases the two-dimensional cross-sectional
496 area (CSA) of the hip femoral neck and femoral shaft as measured by hip structural
497 analysis (HSA), provides evidence that denosumab may increase cortical bone
498 strength and reduce non-vertebral and hip fractures. These questions will be an-
499 swered shortly when the phase-lll prospective global denosumab fracture registration
500 data are presented in September 2008. If the results on fracture outcomes in the
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501 phase-lll fracture trial are anticipated to be as positive as expected from the surro-
502 gate marker changes of bone strength, then it is likely that denosumab will become
503 another anti-resorptive agent for the management of postmenopausal osteoporosis.
504 The exciting and unique biological property of this fully human monoclonal antibody
505 is that it will not reside in bone or be retained in bone, factors which have led to
506 some of the exciting and yet consternating biological properties of bisphosphonates.
507 WWhile there may be merit in a substance that has a long bone T, and once recycled
508 maintains bone turnover, there could be a downside to this unique pharmacokinetic
509 property as well. Denosumab is not retained in bone, and its duration of effect is
510 short and reversible once discontinued. This pharmacokinetic property may have
511 jts benefits as well as its downside. The increase in bone turnover and reduction
512 in BMD seen within | year of discontinuation of denosumab could, theoretically,
513 translate into impaired bone strength. This important question may be answered
514 by the planned extension studies of the phase-lll denosumab registration studies. Dis-
515 continuation of estrogen also leads to an increase in bone turnover, although an
516 increase in fracture risk has not been observed in estrogen withdrawal data; how-
517 ever, the data are not robust. In the NORA (national osteoporosis risk assessment)
518 study there was a higher |-year risk of hip fracture in those women discontinuing
519 estrogen, but in this specific aspect of the NORA population there was a substantial
520 selection bias and low power to make definitive conclusions concerning bone
521 strength associated with estrogen-withdrawal-related increase in bone turnover.’®
522 While in basic bone biology, high bone turnover is generally associated with a reduc-
523 tion in bone strength, it is unknown whether the increase in bone turnover following
524 withdrawal of the effects of anti-resorptive agents is also associated with an impair-
525 ment in bone strength. Altering the remodeling space in treatment-naive subjects
526 may not have the same consequences on bone strength as in pharmacologically
527 treated patients. It has yet to be determined whether the rebound in bone remod-
528  eling observed after the bone is exposed and then unexposed to pharmacological
529 agents differs from that seen in bone not previously treated. Certainly the availability
530 of denosumab for the management of PMO will offer a new option for physicians to

531 consider in their armamentarium of pharmacological agents for osteoporosis, and
532 one with an easy and infrequent parenteral route of administration.

533

534 SAFETY OF ANTI-RESORPTIVES

535

536 The generally well-tolerated and safety profiles of all of the anti-resorptive agents used
537 in the doses for management of PMO, male and glucocorticoid-induced osteoporosis
538 is well established. However, a number of important although infrequent side-effect/
539 toxicity issues for each agent merits consideration.

540

541  Estrogen and SERMs

542

543 Estrogens as a class have the potential to increase the risk of breast cancer, cerebro-
544 vascular accidents (CVAs), and deep-vein thrombosis. These events attributable to
545 HRT are rare, and certainly the benefits far outweigh the risk. According to the pop-
546 ulation defined, all of these risks are small, but nevertheless should be discussed with
547 individual patients, and in individuals with a greater risk (e.g. high circulating levels of
548 clotting factors that may predispose to CVAs) then HRT should be avoided. The same
549 statements should apply to the SERMs where the risk of CVA mimics that of
550 HRT.'>'819232% Erom this point on, there are differences in the risk/benefit profile
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551 of HRT versus SERMs. HRT increases and SERMs decrease the risk of breast cancer
552 and endometrial cancer. HRT reduces and SERMs increase the risk of hot flushes.
553 Hence, here again, choice of agents becomes an individual patient management deci-
554 sion based on the risk/benefit profile.
555
336 Calcitonin
557
338 Calcitonin has been an extremely safe therapy for PMO. There may be nasal irritation
339 with the nasal formulation, and local skin (very rarely systemic allergic) reactions to
360 the injectable formulation. It is advised in the registration label that patients that
S0l may have an allergy to salmon undergo a skin allergy test before initiating injectable
362 calcitonin. The commonest side-effect of calcitonin is nausea, more common in the in-
221 jectable than the nasal-spray formulations.
565 .
S66 Bisphosphonates
567 P . s
568 Oversuppression of bone turnover
569 Due to their effect on mineralization and their long bone retention time, bisphosph-
570 onates have been studied extensively with regard to the effect of these properties on
571 various tissues and organs (bone) with long-term exposure. While with etidronate the
572 ratio of impairment in bone mineralization to inhibition of bone resorption is |:1, lead-
573 ing to the potential of a mineralization defect when used at high doses for prolonged
574 periods of time (osteomalacia), this is different from the effect of the newer aminobi-
575 sphosphonates on mineralization. The newer bisphosphonates do not induce osteo-
576 malacia, but due to their ability to induce long periods of secondary mineralization,
577 they alter the mineralization density of the human skeleton. The ideal mineralization
578 density of the human skeleton remains unknown, and it is possible that in vary rare
579 cases of long-term bisphosphonate exposure, over-mineralization may occur leading
580 to unusual mid-shaft femoral fractures. This rare event, to date reported in <50 un-
581 controlled case series, is often bilateral and at times becomes displaced, necessitating
582 orthopedic surgical repair.”” Since most of these patients, on quantitative bone histo-
583 morphometry, have very few or no single tetracycline labels, it has been proposed that
584 this rare bisphosphonate femur fragility is due to ‘over-suppression’ of bone turnover
585 resulting in the accumulation of micro-damage.”®°? Although it is possible that there
586 may be a subset of patients that might develop these fractures with long-term
587 bisphosphonates use, the data are uncontrolled and anecdotal and need scientific con-
588 firmation by a controlled and randomized study. However, it is currently felt that these
589 cortical shaft fractures are not observed in the general population, and that they are
590 somehow associated with bisphosphonates. In addition, to date, these fractures have
591 only been seen with long-term alendronate use and not with the other bisphospho-
592 nates. This latter observation could be a selection bias, since alendronate has been
593 the most widely prescribed bisphosphonate for PMO. Finally, to date, in the case series
594 reported there does not appear to be a way to predict who may develop these frac-
595 tures, and this observation is also driving consideration for a bisphosphonate ‘drug
596 holiday’ after 5 years of use in lower-risk patients. Certainly much more scientific
597 data are needed before bisphosphonates can be proven to be the cause of any
598 bisphosphonate-associated femoral shaft fractures. To date the quantitative bone his-
599 tomorphometry data performed in the bisphosphonate clinical trials (up to 10 years
600 with alendronate) has never documented ‘frozen bone’
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601  Osteonecrosis of the jaw (ONJ)

602
603  Osteonecrosis of the jaw was rarely reported before the advent of bisphosphonates,

coa  and previously was seen in patients who had received radiation therapy to the jaw.
605  Hence, the increasing prevalence of ONJ seems to be associated with bisphospho-
606  Nates, although nearly all validated cases have been reported in the oncology popula-
607  tion who receive high-dose monthly intravenous bisphosphonates and simultaneous
cos  chemotherapy for metastatic cancer to bone or multiple myeloma.'oo There has
co9  been a consensus in the medical and dental communities regarding the definition of
cl10  ONJ: an area of exposed bone in the mandible or maxilla that persists for at least 8
611  Weeks despite conservative management.'o"I02 Most of these cases have followed
612 @ tooth extraction or dental implant, with fewer cases following jaw trauma or in
¢13  Patients with underlying severe periodontal disease. There have been fewer than 60
¢14  adjudicated cases in the world in patients on the osteoporosis doses of bisphospho-
615  hates, although the perception in the dental community is that the link between
¢l6  bisphosphonates is far greater than the scientific data would support. This perception
¢17  has led to many patients inappropriately being taken off bisphosphonates, or dentists
cig  refusing to do dental procedures in patients on bisphosphonates. This is where
619 @ healthy communication between physicians, dentists and patients needs improve-
60  ment. Since the pathophysiology of ONJ is unknown, management is opinion-based.
c1  Until we have a better understanding of how bisphosphonates are linked to ONJ,
¢  there has been an opinion-based recommendation expressed by many professional so-
3  cieties to withhold or discontinue bisphosphonate for 3 months prior to major dental
¢4  Procedures in lower-risk but not high-risk (those with a prior fragility fracture%
c2s  Patients, and restart the bisphosphonate after the dental tissue has healed.'®"'°

626  There is no evidence that this bisphosphonate-withholding advice has any effect on
27  the natural history of ONJ, but is based on a fundamental concept that if an average
¢  bone-remodeling cycle last for ~90 days, then a 3-month withholding period may
c29  2allow previously suppressed remodeling sites to recover under the untested hypoth-
630  esis that ON]J is related to suppression of remodeling. There is also anecdotal advice
c31  from certain experts in the USA dental community that a serum resorption marker
c32  (preferably serum CTX) be measured as a guide to the degree of suppression of re-
633  modeling by bisphosphonates in the jaw-bone regions. The advice is not to do dental
c3a4  surgery if the serum CTX is <150 pg/mL. There is no scientific basis for such
635 @ recommendation.

636 There is agreement that in clinical practice patients should be counseled about their
¢37  oral dental care and oral hygiene, and the ON] risk should be put into proper context.
c3s  There is also agreement that if a true case of ON] is discovered in a non-oncology
639  Patient on a bisphosphonate, that interventional dental surgery should be avoided
c40  and the bisphosphonate discontinued. Management of high-risk patients that require
a1  discontinuation of a bisphosphonate should entail use of a different bone-active agent
¢4  to reduce the fracture risk.

643
644
645 Atrial fibrillation (AF) was observed in a subset of the pivotal registration trial of
646 zoledronic acid.** The terminology ‘serious’ AF has been introduced, not only in
647  the registration trial but subsequently in reports of AF seen or not seen in post-
648 hoc analrsis of the bisphosphonate clinical trial data, and in case-controlled population
649 data.'®®'% However, this wording is incorrect since the AF in the zoledronic acid reg-
650 istration trial for PMO was seen in the subset of the study population with serious

Atrial fibrillation
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651 adverse events: those patients in the clinical trial who needed hospital admission for
652 any reason not necessarily connected to a cardiac event. Even though the difference
653 between the treated versus placebo groups that developed AF was significant, there
654 was no adverse clinical outcome in these patients. In addition, no plausible pathophys-
655 iological mechanism explains these events. To date the FDA has not considered these
656 AF events seen in hospitalized patients as necessarily being directly related to intrave-
657 nous zoledronic acid, but is requiring all companies that produce bisphosphonates to
658 conduct ongoing post-marketing data. In a post-hoc analysis of the small number of AF
659 events seen in the zoledronic acid registration trials, the one risk factor for AF that
660 trumped all others was a prior history of cardiac arrhythmias. It remains to be deter-
661 mined if history of prior cardiac arrhythmia should be a precaution observed in con-
662 sidering bisphosphonate use.
663
664
665 Renal effects
666 : : :
667 Bisphosphonates are excreted by the kidney both by glomerular filtration and by
668 proximal tubular secretion. The registration labels for the USA as well as Europe
669 advises that bisphosphonates not be administered in patients with glomerular fil-
670 tration rates (GFR) <30-35 mL/min. Most of these data are based on bisphosph-
671 onate renal toxicity studies in rats and the observed renal effects of high doses of
672 intravenous bisphosphonates seen in the oncology population. In addition, since

673 the majority of clinical trials leading to the approval of bisphosphonates random-
ized patients with serum creatinine concentrations >2.0 mg/dL, there are few

ZZ: data on the effect or safety of bisphosphonates in patients with GFR <30 mL/
676 min (stage 4-5 chronic kidney disease, CKD).'%® Nevertheless, there are many
677 scenarios where bisphosphonate use is a worthy consideration in high-risk pa-
678 tients with stage 4-5 CKD, and recent post-hoc analysis of risedronate as well
679 as alendronate datasets suggest efficacy and safety for 2—3 years of use in patients
680 randgn;nlig?d in the clinical trials with estimated GFR (eGFR) down to |5 mL/
631 min." """ Patients with stage 5 CKD are best managed by first evaluating the
682 bone histomorphometry to exclude other forms of renal osteodystrophy that
683 may mimic osteoporosis before use of any bisphosphonate.'%®'?

684 The recent zoledronic acid data showed that a |5-minute infusion of 5 mg is safe in
685 the populations studied for registration, even in patients with preexisting diabetes and
686 hypertension or on non-steroidal anti-inflammatory drugs (NSAIDs). In a short-term
687 renal safety study (911 days post zoledronic acid infusion) there were a few — yet sta-
688 tistically significant — rises in serum creatinine after the second infusion that did return
689 to baseline before the next annual infusion.''® The potential renal damage that can be
690 seen with rapid infusions of zoledronic acid are rare with longer (>15 minutes) infu-
691 sion rates. Intravenous ibandronate injections have not been associated with renal fail-
692 ure in the populations studied'"', although any potential differences in renal safety
693 between these two intravenous bisphosphonates has not been tested in head-to-
694 head studies.

695

696 CONCLUSIONS

697

698 Anti-resorptive agents have been the best-studied agents for the management of
699 osteoporosis, and have been highly effective in reducin% the risk for fractures in mul-
700 tiple prospective placebo-controlled clinical trials.''>™"'* There are several different
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701 pharmacological agents to choose from that have specific advantages or disadvantages
702 in specific clinical circumstances. From the aspect of global fracture risk reduction, the
703 bisphosphonates have the best evidence of reducing the risk of vertebral, non-
704 vertebral, and hip fracture risk, although there are now many questions being raised
705 concerning their long-term use and safety that require ongoing investigation. Newer
706 anti-resorptives are under investigation that may offer different modalities to improve
707 bone strength and reduce fracture risk that will broaden the choices of anti-resorptive

708 agents for physicians and patients alike.
709
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