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INTRODUCTION

Osteoporosis is a major cause of morbidity and mortality affecting
millions of people in the U.S. and throughout the world (1). As
our population ages the impact of this disease will continue to
mount. The primary clinical manifestations of this disorder are
fragility fractures. Hip fractures are the most important sequelae
of osteoporosis. About 50% of patients sustaining a hip fracture
are left with some impairment in physical function a year following
fracture (2). About 9% of previously independent patients reside
in a nursing home a year after sustaining a hip fracture (3,4).
Vertebral fractures are associated with acute and chronic pain,
postural deformity, depression, anxiety, fear of future fractures
and functional impairment (5,6).

From basic science to the clinical arena, there have been great
strides made in our understanding and ability to effectively treat
this disorder. This review will focus on recent pharmacologic
advances in the treatment of postmenopausal osteoporosis.

Osteoporosis has been defined as a systemic skeletal disease
characterized by low bone mass and microarchitectural deterioration
of bone tissue, with a consequent increase in bone fragility and
susceptibility to fracture (7). This definition is instructive in
that it recognizes factors in addition to bone mass which
contribute to bone quality. The microarchitectural status of bone
is likely an important determinant of response to therapy and
resistance to fracture. Table 1 lists some of the bone and non-
bony factors at play in determining fracture risk, especially in
the older patient. The list emphasizes the complex nature of
fracture risk especially with respect to hip fracture. The
majority of this discussion, however, will center on vertebral
fractures.

Table 1. AGE-RELATED RISK FACTORS

BONE FALLS

Reduced Bone Mass Mechanics of Falling
Postural Response

Accumulated Microdamage Sensory Loss
Orthostatic Hypotension

Architectural Weakness Neurologic Disease
Co-Morbidity

Osteocyte Cell Death Polypharmacy

The clinical diagnosis of osteoporosis is made by the presence of
a fragility or non-traumatic fracture. However, the advent of
reliable means to measure bone mass coupled with the inverse
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relationship of bone mass and fracture risk, have prompted some to
favor making the diagnosis based on low bone mass alone (8).
Although a threshold bone mass is associated with an increased
fracture risk (concept of fracture threshold), the correlation
between bone mass and fracture is linear. For every standard
deviation (SD) below peak vertebral bone mineral density (BMD)
there is an approximately doubling of vertebral fracture risk (9).
For woman older than age 65 years, each SD decrease in femoral
neck bone mineral density increases the age-adjusted risk for hip
fractures by 2.6 (10). That is with progressive decline in bone
mass fracture risk continues to increase. Furthermore, in
patients with severe reductions in bone mass some alteration in
microarchitecture may have already taken place (11,12,13).

In view of these considerations a panel of experts assembled by the
World Health Organization (WHO) recommended a new diagnostic
classification for osteoporosis and osteopenia for "practical use"
based on bone mineral density (8). Under the WHO scheme a bone
density of 2 2.5 SD below the mean value for premenopausal (T
score) white women would be defined as having osteoporosis. Those
with reduced bone mass and at least one fragility fracture is
defined as "established" or severe osteoporosis (see Table 2). A
criticism of the WHO definition is that only 70 to 80% of bone
strength is attributable to bone mass (10), the cutoff value is
relatively arbitrary and will identify some individuals that will
never fracture just as there are some with higher values that will,
and it does not account for other risk factors such as age and
prior fracture (14).

Table 2. GENERAL DIAGNOSTIC CATEGORIES IN WOMEN"

Normal BMD or BMC <1 below young adult mean value

Low bone mass BMD or BMC >1 but <2.5 SD below young adult

(osteopenia) mean value

Osteoporosis BMD or BMC >2.5 SD below young adult mean
value

Severe osteoporosis BMD or BMC >2.5 SD below young adult mean
(established osteo- value in the presence of at least one
porosis) fragility fracture

BMD =Bone Mineral Density
BMC=Bone Mineral Content
SD=Standard Deviation

*"WHO Criteria :
Table 3 lists the estimated lifetime fracture risk for 50-year-old
white women and men (15). The lifetime risk of hip fracture for

black women is 5.6% and 2.8% for black men. Melton has calculated
that a 50 year-old-white women has a 40% chance of sustaining an
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osteoporotic fracture over her lifetime.
the 1,010,000 white women who reach menopause annually will sustain
This may be a conservative figure because many
vertebral fractures are not diagnosed so the rate is likely much
However, many of these fractures are arguably clinically
One study reported that 25% of vertebral

a fracture.

higher.

non-significant.

fractures were asymptomatic (16).

He calculates 425,000 of

Table 3. ESTIMATED LIFETIME FRACTURE RISK
IN 50-YEAR-OLD WHITE WOMEN AND MEN?
Women Men
%(95% CIP) % (95% CI)
Proximal femur fracture 17.5 (16.8, 18.2) 6.0 (5.6, 6.5)
Vertebral fracture® 15.6 (14.8, 16.3) 5.0(4.6, 5.4)
Distal forearm fracture 16.0 (15.2, 16.7) 2.5(2.2, 3.1)

Any of the three

39.7 (38.7, 40.6)

13.1 (12.4, 13.7)

* Age 50 years was chosen because this 1s about the average age of menopause in women
® Confidence interval
¢ Using incidence of clinically diagnosed fractures only

Using the WHO definitions a total of about 26 million post

menopausal white women have osteopenia or osteoporosis. 16.8
million with osteopenia and 9.4 have osteoporosis. Fifty-one
percent or 4.8 million are estimated to have established

osteoporosis. Melton points out that these seemingly large figures
are similar to the estimated 52 million adults that require dietary
intervention for elevated cholesterol or the 30-54 million
Americans that have hypertension (28). Furthermore, the argument
remains that the consequence of these risk factors are significant,
may be preventable and should not be considered a normal
consequence of aging.

Table . PROPORTION (%) OF ROCHESTER, MINNESOTA,

WOMEN WITH BONE MINERAL MEASUREMENTS MORE
THAN 2.5 STANDARD DEVIATIONS BELOW THE MEAN FOR

YOUNG NORMAL WOMEN*
Either Spine, hip or

Age Lumbar hip site Midradius midradius
group spine (%) (%) (%) (%)
50-59 7.6 3.9 3.7 14.8
60-69 11.8 8.0 11.8 21.6
70-79 25.0 24.5 23.1 38.5

>80 32.0 47.5 50.0 70.0
Total® 16.5 16.2 17.4 30.3

* Mean 1s from 48 subjects under age 40 who were randomly samples from the Rochester, Minnesota
population. None of them was known to have any disorder that might influence bone metabolism.
® Age-adjusted to the population structure of 1990 United States white women 50 years of age and older.



RISK FACTORS

A number of prospective and cross-sectional studies have assessed
risk factors for osteoporosis (10,17-27,29). Bone mineral density
measurements at any site predicts fracture risk but values at the
site of interest are most precise in defining risk (10).
Torgerson, et al (29) found that women between 45 and 49 without
risk factors had a 2 year probability of fracture of 0.008 compared
to 0.40 in women at highest risk of fracture. The later defined as
lowest quarter of BMD, >1 previous fracture, family history
(maternal grandmother) of hip fracture, and non-menstruating
status. Hui (17) and colleagues found that the strength of a
particular risk factor was dependent on the particular fracture
studied. Both age and low bone density were associate with
increased risk, however, age was a stronger predictor of hip
fracture and low forearm bone density was a stronger predictor of
fractures at the distal forearm. Ross (26) found that both reduced
bone mass and prevalent fractures were independently important
predictors of new vertebral fractures and that the combination was
a better predictor than either alone. A prevalent fracture
increases fracture risk at least as great as a decline in 1 SD of
bone mass. Table 4 lists the correlates of spinal and proximal
femur BMD in a multivariable regression analysis from a cross-
sectional study of the 7963 participants in the Study of
Osteoporotic Fractures Research Group (23). The models predicted
21 and 25% of the difference between subjects BMD at the femoral
neck and lumbar spine.

Table 4. Correlates of Axial and Appendicular Bone
Mineral Density*

Variable Lumbar  Femoral Distal
Spine Neck Radiust

Age -- --

Weight +++ +++ +++
Height ++ ++ ++
Fracture in mother e st ——
Age at menopause + + ++
Estrogen use +++ +++ +++
Quadriceps strength ++

Grip strength 4+
Thiazide use +++ ++ 44

Nonthiazide diuretic use b
Current smoker -=

Number of alcoholic drinks in lifetime +

Dietary calcium intake ++ +
Lifetime caffeine intake -
Non-insulin-dependent diabetes mellitus +++ +++
Gastric surgery -
Recent or past activity + +

« Correlations are taken from multivariable analyses. Symbols are used to indicate posi-
tive (+) and negative (~) effects on bone mineral density. The strength of the corre-
fation is indicated by the number of symbols: Three symbols indicate 3% or greater
change in bone mineral density per unit change in variable (see Tables 4 and S for
definitions of unit change); two symbols, a 1% to 3% change; and one symbol, a
change of less than 1%.

1 Distal radial correlations obtained from Bauer and colleagues (8).

Orwoll, Annals Int Med,_ 1996
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PHARMACOLOGIC ADVANCES

During the past year two anti-resorptive agents, nasal calcitonin
(Fosamax) and alendronate (Miacalcin) have been approved by the FDA
for the treatment of osteoporosis and a bone forming agent, slow-
release sodium fluoride (Neosten) is under FDA review. This review
will focus primarily on these new agents. In addition, the role of
estrogen and calcium will be briefly discussed.

There are two groups of pharmacologic agents to consider in the
management of osteoporosis, antiresorptive agents (estrogen,
calcium, calcitonin, and bisphosphonates) which decrease bone
resorption and medications that stimulate bone formation (i.e.
fluoride). Only medications that fall into the first category are
currently approved for the treatment and prevention of
osteoporosis.

It is well established that estrogen therapy given in the
perimenopausal period is effective in maintaining bone mass (30).
Estrogens appear to impair the release of bone resorbing cytokins.
Early institution of estrogen replacement therapy reduces the risk
of vertebral fractures and appears to reduce the risk of hip
fracture at least in the two decades of estrogen therapy in users.
Estrogen remains the recommended agent of choice in preventing
postmenopausal bone loss. The decision to use estrogen for the
prevention or treatment of osteoporosis will depend on patient
preference and how, with the help of the physician, the risk and
benefits of taking estrogen are weighed. For some patients, a bone
density determination may assist in deciding on therapy. The
lowest effective dose of conjugated estrogen (or its equivalent)
that preserves bone density is 0.625 mg daily. Transdermal
estrogen (estradiol) preparations also effectively inhibit
postmenopausal bone loss (31,32). For women with an intact uterus,
use of a progestational agent is necessary to reduce the risk of
uterine cancer. There have been few randomized controlled trials
to assess estrogens efficacy in reducing fractures. Lufkin et al
(31) reported a reduction in vertebral fractures using 17B
estradiol and increased spine and hip BMD. The short duration of
the study limits interpretation of their findings. A number of
case-controlled and cohort studies have suggested a reduction in
fractures. Yet, the benefit of initiating estrogen therapy for the
first time in late menopause (over 70 years) is still debated.
There remains little evidence that those who have not previously
taken estrogen therapy will benefit from initiating therapy for the
first time at an age of highest risk for added fractures. Felson
(33) and colleagues found that women from the Framingham study
cohort that received estrogen therapy for longer than 7 years had
higher BMD compared with those without therapy, but this effect was
no longer present for women older than 75. Another report from the
Framingham Study (34) found that estrogen therapy in women 65-74
years old was associated with a 63% reduction in hip fracture, but
only an 18% reduction for those older than 75.
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Ettinger (35) et al, determined that estrogen started within 3
years of menopause and used for at least 5 years resulted in a
decline in vertebral fractures. Recently Ettinger and colleagues
(36) extended their initial study by adding a mean of 8 years to
the observation period and observed more than a tripling of the
number of osteoporotic fractures. As a group, they once again
showed that wrist and vertebral fractures were less common on those
receiving estrogen. However, the rate of fractures in those more
than 20 years since menopause was not different between groups.
There was no protection among women over 80 years, whose fracture
rate was greatest (See Fig. 1).

100
Vertebra
80 '
-e- Estrogen
60
-e- Controls
40
20

0 - 7 T T Ay T
Cum.yrs 0 1000 2000 3000 4000 5000 6000 7000

YSM' 5 40 15 20 25 30

Fig. . Numbers of fractures according to type by cumulative patient-
years and years since menopause (YSM) for 245 women who used
estrogen and for controls. The vertical line at 4800 patient-vears
indicates the division between the previous study and the current
study.

Osteo Int - 1995 —‘Maxim

Certainly, women at risk for osteoporosis (e.g. low body mass
index) should strongly consider initiating estrogen replacement
therapy at menopause. Because there 1is some evidence that
increased bone loss may ensue after cessation of estrogen, older
women (37) should probably be maintained on replacement therapy
indefinitely although some of the data just presented does not
completely support this position.

Sufficient intake of calcium remains critical throughout life and
should be emphasized. Calcium supplementation is important in
maintaining bone density during menopause but by itself does not
appear as effective as estrogen during the early post-menopausal
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period. Calcium supplementation can eliminate bone loss in
osteoporotic patients and healthy older patients (38,39,40). The
lack of efficacy in blocking bone resorption noted in some trials
may be related to dose and bioavailability of the form used
(40,41). The provision of modest doses of calcium and vitamin D to
elderly patients with marginal intake of these nutrients resulted
in an abrupt decrease in fractures (42).

The beneficial effect of calcium is primarily related to the
reduction of PTH mediated bone resorption. With age, intestinal
calcium absorption is reduced due to decreased production of 1,25
OH,D and perhaps vitamin D independent factors. This causes an
increase in parathyroid hormone secretion which mediates bone
resorption. In this way calcium homeostasis is maintained at the
expense of bone mass. The adequate provision of calcium and
vitamin D decreases PTH levels and reduces bone resorption. 1In
addition, PTH preferentially effects areas high in cortical bone
such as the hip and distal forearm and may explain why calcium
supplementation seems to be more effective in reducing cortical
bone loss.

Women over the age of 65 years on estrogen replacement therapy
should consume at least 1000 mg of elemental calcium daily and 1500
mg for those not receiving estrogen (43). Men over 65 years should
consume 1500 mg of calcium daily. In the elderly, we favor calcium
citrate because of its greater gastrointestinal absorption and
apparent effectiveness in maintaining bone mass at axial and
appendicular skeletal sites. Men and women over 65 years should
consume 400-800 I.U. of vitamin D daily.

Nasal Salmon Calcitonin

Calcitonin is a polypeptide hormone secreted by the parafollicular
cells of the thyroid gland. It inhibits osteoclastic activity
thereby preventing bone resorption (44). Salmon calcitonin has an
advantage to mammalian hormone because of greater potency and
longer duration of action. The parenteral form of calcitonin has
been approved by the FDA for the treatment of postmenopausal
osteoporosis. However, its mode of administration, cost, and side
effects (particularly flushing, nausea and vomiting), has limited
its use. Last year the FDA approved a nasal spray formulation of
salmon calcitonin easing administration and avoiding many of the
side effects associated with parenteral usage. Indication for use
is for woman with postmenopausal osteoporosis that are greater than
five years post-menopause. A month supply of intranasal calcitonin
at the recommended dose of 200 IU a day is about $56.

Intranasal calcitonin has been studied in multiple clinical trials
(45-56) . Table 5 summarizes randomized trials of at least 2 years
duration (47,48,50,51,53-56). From this review it appears nasal
calcitonin has a modest effect in maintaining bone mass in the
spine with no affect in maintaining hip or forearm bone mass. Many
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of the studies were carried out in healthy women and so relevance
to those with reduced bone mass or established osteoporosis is
uncertain. In the study by Overgaard et al '92 (50), reduced
forearm bone mass was required for inclusion. There appeared to be
a dose response with small increases (1%) in spinal mass per 100 IU
of nasalcalcitonin compared to placebo. There was no influence at
the hip. This study also reported a reduction of vertebral
fractures by about two-thirds. However, the number of fractures in
the study were small. Moreover, there is no evidence therapy
resulted in a reduction in fractures in those with a baseline
fracture. Although only 17 of 208 initially randomized patients
had a baseline vertebral fracture, 3/15 on treatment and 0/2 on
placebo experienced a new fracture. In fact, when these patients
are included in the overall analysis significant reduction in
fracture rate is lost.

COMPARISON OF PUBLISHED STUDIES*

Intranasal Salmon Calcitonin

Study N Age YSM DOSE Baseline | Fx Outcome | Turnover | BMD Spine HIP Forearm | Duration
(Baseline) al
Reginster 251 53 0.56 |50 S5d/wk Healthy No data No change 0.82% Nodata | Nodata 2yrs
'95 200 Sdiwk 2.03%
placebo** -6.28%
Overgaard 52 52 2.5-5 100 Healthy {No data No change 2.5% No data No diff 2yrs
'89 placebo -5.7% (-4%)
Overgaard 134 52 0.5-1.5 {100 Healthy No data lT10. € 1% No data No diff 2yrs
'94 200 200 & 400 | No change (-1%)
400 only No change
placebo 1% .
Adami 75 60 11 100 >28D No data No change | Nochange| -1.83% No data
‘95 (-0.81%)
Overgaard 208 70 22 |[s0 leMc e |RR=023 1 T.0. but 2% No data 1% 2yrs
‘92 100 forearm no dose 2% -1%
200 30% of reponse 3% 1%
plaeebo noynw 1% 1%
Thamsborg 62 65 15 |200 Baseline  {No data some L T.0| 25% -2.2% -1.2% 2yrs
‘96 placebo colles L sibsion 1.7% 1.6% 1.1%
depths
No change
in activation
frequency
Reginster 287 0.5-3 |50 5d/wk Healthy No data No change +1.8% Nodata | Nodata 3yrs
'94 placebo Sdiwk -5.8% (N=186)
Reginster 100 0.5-3 |50 5d/wk Healthy No data No change 1.1% No data | Nodata Syr
‘94 (of 186) placebo Sdiwk -6.6%

¢ Atleast 2 yrs duration
** Placebo treatment was typically 500 mg Ca as gluconolactate and carbonate

Table 5

Thasborg et al (56) studied intranasal salmon calcitonin in women
a mean of 15 years since menopause. All subjects had a history of
a fragility fracture (colle's) at baseline. Patients received 200
IU per day of intranasal salmon calcitonin or placebo and 500 mg of
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calcium. There was no difference in bone mass at hip or spine in
treatments. Histomorphometric analysis suggested that erosion
depths were reduced but activation frequency was not. This
suggests that therapy with <calcitonin decreased existing
osteoclastic resorption but had no effect in altering osteoclastic
recruitment and numbers (as opposed to bisphosphonates which may
decrease activation frequency as well as resorption depth (57,58)

Adami et al.(51) compared intranasal salmon calcitonin with
alendronate in women with reduced bone mass (T score 2> 2.5). Only
5% of subjects had prevalent fractures. Alendronate increased bone
density in the hip and spine and reduced biochemical markers of
turnover whereas calcitonin did not differ from placebo. The study
was flawed in that the recommended or high doses of alendronate
were used (10 to 20mg) compared to a low dose of nasal salmon
calcitonin (100 IU compared to the recommended 200I.U).

A concern with the use of calcitonin is the apparent development of
tachyphylaxis or escape phenomena. Receptor down-regulation and
formation of antibodies may be responsible (59). Intermittent
dosing has been suggested as a way to avoid this development.

Calcitonin has been reported to have central opioid properties and
may be helpful in reducing pain from acute osteoporotic
fractures (60). However, the clinical efficacy of calcitonin's
analgesic properties is disputed among clinicians.

Intranasal calcitonin appears to be well tolerated and few patients
have complained of nasal irritation. Baseline and periodic nasal
examinations should be performed.

In summary, intranasal salmon calcitonin is a new and more
convenient way to administer calcitonin. Physicians with patients
who previously were candidates for calcitonin but could not
tolerate the injectable form may want to consider this formulation.
Unfortunately, the anti-resorptive effect of intranasal calcitonin
(and calcitonin in general) is modest, limited to the spine, and
evidence for it's anti-fracture efficacy is limited. This agent
should be considered only after the adequate provision of calcium
and estrogen has failed to maintain bone mass or estrogen therapy
is deemed inappropriate.

Alendronate

The bisphosphonates are potent inhibitors of bone resorption. They
are analogues of pyrophosphate but are resistant to enzymatic
hydrolysis. A growing number of these agents are now available or
under investigation. In the U.S. etidronate (Didronel) and
pamidronate (Aredia) have been approved for the treatment of
Paget's disease and hypercalcemia of malignancy. There has been
widespread off label use of etidronate for the treatment of
osteoporosis after 2 promising studies were published in 1990
showing decline in fractures and increase in bone density after 2
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years (61,62). However, a follow-up report at 3 years found an
increase in fracture rate in the treatment group (63,64). The FDA
subsequently declined to approve this drug for treating
osteoporosis. However, the FDA recently approved alendronate
(Fosamax) making it the first drug in this class of agents approved
for treating osteoporosis. Alendronate has been approved for women
with postmenopausal osteoporosis defined by a low bone mass (>2 SD
below premenopausal mean).

The bisphosphonates have 2 major effects on bone. They inhibit
osteoclast-mediated bone resorption and impair mineralization of
bone and cartilage. An important feature of the bisphosphonates is
their relative selectivity at a given dose for inhibiting bone
resorption versus mineralization. If an agent inhibits both bone
resorption and mineralization at the same dose osteomalacic bone
could result. This issue is a concern with the use of etidronate
and is the reason for the cyclic dosing schedule of 2 weeks of
therapy followed by a three month off period (63,64). This
strategy allows for adequate mineralization of newly formed bone.
On the other hand, the dose at which alendronate inhibits
mineralization relative to its ability to inhibit bone resorption
is reported to be 1000 to 1 (65). For this reason alendronate can
be given on a daily basis and at least 3 year experience has found
no evidence that osteomalacic bone is produced. The long term
safety of these agents will need to be confirmed. The relative
potency of the bisphosphonates to inhibit bone resorption also
vary.
Table 6. RELATIVE POTENCY OF VARIOUS
BISPHOSPHONATES TO INHIBIT METAPHYSEAL BONE
RESORPTION IN VIVO

Agent Relative Potency
Etidronate 1
Clodronate 10
Tiludronate 10
Pamidronate 100
Dimethyl pamidronate (mildronate) 500-1000
Alendronate 500-1000
EB 1053° 500-1000
Risedronate 1000-5000
BM 21.0955° (ibandronate) 10000
" Disodium 1-hydroxy-3- (1-pyrrolidinyl) -propylidene-1, 1-
bisphosphonate

b Nmethyl-N-pentylaminopropane hydroxybisphosphonate

As noted above, etidronate was the first bisphosphonate considered
for treating osteoporosis in the U.S. In 1990, 2 studies were
published finding etidronate increased spinal bone mass and reduced
fractures (61,62). Watts et al (61) enrolled 429 women with
established osteoporosis (at least one baseline spinal fracture)
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and found patients receiving etidronate increased spine bmd
approximately 5% from baseline and 4.0% from placebo. Femoral neck
BMD increased about 3%. Typical for antiresorptive agents, the
majority of increased spinal density occurred after the first 6
months of therapy (3.5-4.0%). New spinal fractures were reduced by
about 50% in patients receiving etidronate. A four year follow-up
study was reported by Harris and Watts et al (63). After the 2 yr
trial patients were randomized to a 3rd yr of blinded study
followed by open label during a 4th year in which all patients
received etidronate (400 mg for 14 days). The increase in BMD
noted over 2 years was maintained with at around 5% at 4 yrs from
baseline. Increases in BMD at the hip was modest, about 1% There
was no longer a significant reduction in fracture rate between
etidronate and non-etidronate treatment due to an increase in
fractures during year 3.

Storm and colleagues (62) performed a 3 yr (150 weeks) study in
women with established osteoporosis (at least one spinal fracture)
comparing etidronate with placebo (calcium and vitamin D). Bone
mass at the spine increased 5.3% in the treatment over 3 yrs and
there were fewer new vertebral fractures in the treatment group but
this was not significant.

More recently, alendronate has been shown to significantly increase
BMD at the lumbar spine as well as the hip (66-68). Ten mg of
alendronate resulted in an 8.8% (compared to placebo) increase in
the spine and 5.9% and 2.2% at the femoral neck and forearm
respectively (68) (see Figure 2).

As anticipated with antiresorptive agents the most pronounced
changes occurred during the first year (most rapidly during the
first six months). The yearly changes in BMD during the subsequent
3 years of the study were approximately 5.5, 2.5, and 1% increase
per year compared to baseline. The continued but diminished rate
of increase in bone mass is likely a class effect of antiresorptive
agents related to the ultimate recoupling of bone formation with
resorption.

The increases in BMD observed with alendronate have been greater
than calcitonin or etidronate. The favorable response at the hip
to therapy with alendronate distinguishes it from calcitonin which
has not improved or stabilized non-vertebral skeletal sites.

In addition, and most importantly, therapy with alendronate appears
to have led to a reduction in vertebral fractures. The analysis of
fracture data bears some scrutiny. Firstly, only 20% of patients
had baseline compression fractures (established osteoporosis) and
in this important group no decline in incident fractures were found
p=.323 (see Table 7). Secondly, although there are favorable trends
in all groups (except those over age 65 yrs which is significant)
it is only after pooling of the 2 studies (U.S. and multinational)
that significance is achieved. Preliminary reports from the
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Figure 1. Mean (=SE) Changes in Bone Mineral Density from Base-Line Values in
Women with Postmenopausal Osteoporosis Receiving Alendronate or Placebo for
Three Years.

Data are shown for bone mineral density (measured by dual-energy x-ray absorpti-
ometry) of the spine, femoral neck, trochanter, and total body. Data for the alendro-
nate group are shown according to the dose: 5 or 10 mg per day for three years or
20 mg per day for two years followed by 5 mg per day in year 3.

NEJM, 1995

Figure 2

WOMEN WITH NEW VERTEBRAL FRACTURES
DURING THE THREE-YEAR STUDY PERIOD

Group of Women Placebo Alendronate

P

% of women with fractures (no./total no.)

All 6.2 (22/355) 3.2 (17/526)  0.034
Age, <65 yr 4.7 (9/190) 3.7 (11/294) 0.591
Age, 265 yr 7.9 (13/165) 2.6 (6/232) 0.015
With previous fractures 19.1 (13/68) 13.4 (13/97) 0.323
Without previous fractures 2.0 {5/258) 1.0 (4/384) 0.328
In'U.S. study 4.5 (8/177) 1.6 (4/258) 0.064
In multinational study 7.9 (14/178) 4.9 (13/268)  0.192
Table 7
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Fracture Intervention Trial (69)suggest alendronate significantly
reduced fracture rates in patients with established osteoporosis.
Final report of this work is pending.

Although multiple dosing regimens have been studied, 10 mg/day
appears to have the most favorable risk/benefit ratio and is the
recommended daily dose. Adequate calcium and vitamin D should be
assured and if supplements are needed they should be taken later in
the day or evening so as not to interfere with GI absorption.

Because less than 1% (0.78%) of drug is absorbed it is critical
that compliance to treatment recommendations are closely followed
in order to maximize effectiveness and minimize side-effects (upper
G.I. intolerance, ulcers). Alendronate should be taken with 6 to
8 oz. of plain water on an empty stomach at least 30 minutes before
breakfast (study patients were instructed to wait 60 minutes (67).
The medication should not be taken with juice or coffee or anything
other than water because of the risk of eliminating absorption of
the drug. Patients should remain standing or sitting (should not
recline) to avoid impairing esophageal transit of the drug. This
is due to concern it may cause esophageal erosions. In one study,
intravenous alendronate was administered to 15 women with
postmenopausal osteoporosis over four days (70). Markers of bone
turnover decreased for a subsequent 6 months after therapy and BMD
increased about 4%. Whether this or other IV bisphosphonates (71)
would be an effective (cost and clinical) alternative is not known
but could be attractive in some circumstances.

How do anti-resportive agents increase bone mass? Bisphosphonates
promptly decrease bone resorption followed by a reduction in bone
formation. During this period resorptive pits are being filled by
the osteoblasts and a net increase in bone mass occurs (72,73).
Ultimately, bone formation also falls but there is a temporal
delay. Once bone formation declines the net increase in bone mass
also declines and frequently after 2 years a new steady state is
achieved. Depending on the rate of bone turnover (increased bone
remodeling units) the increase in bone mass will vary with larger
increases noted during increased turnover states and to a lesser
degree during normal or low bone turnover states.

The long term effect of decreased bone formation is not know.
Safety of usage with alendronate beyond 4 years has not been
established.

In general, bone turnover is increased for the first few years
after menopause. Typically, bone turnover has been described as
being normal or decreased late after menopause. More recently some
studies have suggested that bone turnover remains elevated in the
elderly, but less than during the perimenopausal period (74,75).
The combination of age-related changes in osteoblast function and
increased bone turnover due to secondary hyperparathyroidism (from
impaired calcium absorption) account for age-related bone loss.
The primary factor(s) operating in a particular individual is
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variable and there is likely considerable patient heterogeneity. In
general, markers of bone turnover have not been helpful in
predicting response to therapy. They should have a role in
clinical management in the future but remain primarily a research
tool at present(77),

S8low-release sodium fluoride

In November 1995 the Metabolic Diseases Advisory Panel for the Food
and Drug Administration unanimously recommended approval of slow-
release sodium fluoride (SR-NaF) or Neosten after review of nearly
14 years of clinical studies by Pak et al(78). If approved, SR-NaF
will be the first bone forming agent available for the treatment of
osteoporosis. NaF stimulates bone formation and results in a
steady and substantial increase in cancellous bone (38,39).

The bone forming properties of fluoride are well known (79-81) and
have been investigated by a number of groups for the treatment of
osteoporosis. In 1990, Riggs et al reported their findings from a
4 year double-blind randomized trial comparing 75mg of NaF (given 90
mg daily and 60 mg daily on alternate days) and calcium carbonate
(1500mg) to placebo and calcium (38). All patients enrolled had at
least one (median 4) baseline vertebral fracture. Although spinal
bone mineral density increased a median of 35% there were no
differences in vertebral fractures between groups and an increase
in nonvertebral fractures were noted in the subjects receiving
fluoride. Furthermore, patients treated with fluoride were more
likely to experience gastric symptoms (gastric pain, nausea and
vomiting) believed caused by irritation and increased gastric
acidity due to the conversion of NaF to HF. In addition, patients
receiving NaF were 7 times more likely to suffer from lower-
extremity pain syndrome. The later is believed to be due to the
formation of abnormal and increased bone remodeling in weight-
bearing portions of the skeleton as well as the occurrence of
stress fractures. The conclusion from this work was that fluoride
in the dosage used was neither effective nor safe for the treatment
of postmenopausal osteoporosis(83).

In 1982 Pak and colleagues began clinical trials seeking to
overcome the problems associated with fluoride therapy (39,84).
Recently, the final report of the randomized controlled trial was
published(39). One-hundred ten patients (99 completing at least one
year of therapy) with established osteoporosis were randomized to
receive either 25mg of SR-NaF twice a day or placebo for 14 months
(1 cycle included 12 months active treatment and a 2 month off
period) . All subjects received 400 mg twice daily of calcium
citrate continuously. Mean duration of therapy was about 3.5 years.
Treatment with SR-NaF reduced the risk of subsequent vertebral
fractures by 70%. Bone mass increased in the spine by 4.5 % each
year (20% over 4 years), about 2.5% in the femoral neck per year,
with no change in the forearm (see Figure 3). Bone mass was
maintained at all sites in the placebo group. There were no
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Figure 3. Effcct of treatment on the L2-L4 bone mineral content
(BMC) and on the bone density (BD) of the femoral neck and
radial shaft. For each year, the percentage change of the value from
the preceding year or from baseline was calculated. Thus, a ycar-
to-year change, rather than a cumulative change, is shown. Symbols
above the bars indicate a significant change from zero, whereas
symbols above the brackets show significant changes between the
group receiving placebo and the group receiving slow-relcase so-
dium fluoride (SR-NaF). *P < 0.05; **P < 0.01; 1P < 0.001.

reports of stress fractures or lower-extremity pain syndrome and no
increase in GI complaints compared to placebo. Serum F levels were
maintained well within the therapeutic threshold during the study
and fell to baseline levels after the end of each cycle (12-14
month period). All methods to assess bone quality have determined
the bone to be of normal quality with without evidence of
osteomalacic or mosaic bone pattern(78).

Analysis of individual fracture rate (IVR) by baseline BMD (mild-
moderate > 65% of premenopausal value or severe < 65%) found a
greater treatment response in the mild-moderate group (P=0.004)
compared those in the severe baseline BMD group (IVR P=0.19).
However, when additional patients were added from randomized and
non-randomized trials, SR-NaF was shown to be effective in severe
bone loss as well RR .54, (P=0.03) comparable to the etidronate
"high risk group" and by alendronate, most of whom did not have
fractures (85) (see Figure 4).

The primary explanation for the efficacy and safety noted with SR-
NaF compared to other studies is because of the maintenance of
therapeutic serum F levels without exceeding the toxic threshold
(about 195 ng/ml). In addition, the use of calcium citrate

15



1.0
' Fluoride

________ S——

0.6

Figure 4.

0.4 -

Relative risk (Flvoride/Placebo) = 0.30
0.2 | 95% Conlidence interval: (0.12 to 0.76)

Proportion Fracture Free

1 1 1 J
- 1 2 3 4
Time (years)

Patients Remaining at Risk
Fluoride 48 40 34 20 3
Placebo St 35 19 " 2

Proportion of patients without new spinal fractures
during 4 years of treatment in the groups receiving slow-release
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contrasts with calcium carbonate used in the Mayo clinic trial.
Calcium citrate proved to be an effective antiresorbing agent and
serum PTH fell in both groups which is likely due to the adequate
provision of calcium and not a result of fluoride therapy. Of
note, Riggs et al (82) has provided indirect support of the
importance of maintaining serum F within the therapeutic window.
They have re-analyzed their data and found evidence to suggest a
direct relationship of lower serum F levels and lower rates of
increased spinal mass to reduced vertebral fracture rates.

A second independent double-blind randomized controlled trial was
begun in early 1993 by Rubin et al (86) to assess the efficacy of
SR-NaF in elderly women with established osteoporosis. The
Treatment of Senile Osteoporosis Study (TSOS) is a 40 month trial
funded by the National Institute on Aging comparing SR-NaF, calcium
citrate and vitamin D versus placebo, calcium citrate and vitamin
D. TSOS trial differs from that reported by Pak et al (39) in that
all patients are at least 65 years, receive 945 mg of elemental
calcium in the form of calcium citrate vs. 800 mg, and 600 units of
vitamin D (doses comparable to Chapuy et al (42) vs. no routine
vitamin D supplementation. Outcome measures include spinal
fractures, vertebral bone mass, safety and functional status.

Patients in the TSOS study follow the same regimen of SRNaF
25mg/twice a day (or placebo) for 12 months followed by a 2 months
withdrawal period. An intermittent treatment design is used to
permit adequate mineralization of newly formed bone and to avoid
tachyphylaxis. Calcium and vitamin D supplementation is provided
contlnuously Seventy-seven patients have been enrolled Table 8
reviews there baseline characteristics.

During the FDA advisory meet an interim analysis of vertebral
fractures was presented. The integrity of the design was
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Baseline Presentations

Nafril™ Placebo P Value

No. Patients 39 38

Age, yr 72.3%5.6 73.2%5.4 0.449
Weight, kg 61.6+12.0 60.8+10.3 0.763

. Table 8

Height, cm 157.5+6.7 156.6+6.2 0.565
L2-L4 BD, % NI 72.7+9.8 70.8+12.4 0.459
Prevalent Spinal Fractures 2.8+2.12 2.4%1.95 0.423

Values are presented as mean * SD. Significant difference between the two groups was determined by

Student’s T-test assuming equal variance. Prevalent fractures were identified visually by Dr. Rubin during
recruitment.

maintained. At the time of analysis 51 subjects have completed at
least one <cycle and were evaluable for incident fracture
determination (see Table 9). Although these are only interim
findings, the risk reduction is very similar to the final findings
of Pak et al. and supports SR-NaF's efficacy in treating
established osteoporosis, specifically in older women.

Placebo Slow_F luoride

N 27 24

—— Number of Cyclgs 35 31
Mean Cycles/Patient 1.3 1.3
New Fractures 8 2
GVER* 8/35 2131

* Group Vertebral Fracture Rate. RR .28 (95% CI .07-
1.20). P =0.087 in favor of slow-release NaF.
Conclusion.

Major advances have been made in the treatment of osteoporosis.
Estrogen replacement therapy and calcium supplementation continue
to be the mainstay of therapy for the prevention of postmenopausal
bone loss. For women with established osteoporosis that are not
candidates for estrogen therapy, alendronate and nasal calcitonin
are alternative agents. Alendronate is an effective antiresorbing
agent that produces modest increases in bone density at the spine
and appendicular sites. It appears to be effective in reducing
vertebral fractures but more information is needed. Presently
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combined estrogen and alendronate therapy is not recommended but
trials are ongoing. Upper gastrointestinal toxicity and poor GI
absorption are its major drawbacks and will limit its usefulness in
some populations. Safety beyond 4 years has not been demonstrated.

Intranasal calcitonin offers ease of usage and safety but its
efficacy seems limited to maintenance of vertebral bone density and
has no effect at cortical sites. One study found a decrease in
fracture rate but the numbers of fractures were small and benefit
was not seen in those with baseline fractures. Intranasal
calcitonin is an alternative for patients that cannot tolerate or
are not candidates for other antiresorbing agents. Although daily
intranasal calcitonin is recommended an alterating regimen may be
more effective . Parenteral calcitonin (not reviewed) is probably
more effective but is generally not well tolerated and appears more
effective in high turnover states or early menopausal states. This
contrasts with intranasal calcitonin which has an indication of
after 5 years postmenopause.

At the present time only antiresorbing agents are available. The
approval and availabilitiy of SR-NaF would provide the first bone
forming agent. Clinical investigations have demonstrated that it
substantially reduces fracture rate in women with established
osteoporosis. Side-effects historically associated with NaF are
averted with the prescribed dose and slow-release formulation.

The availability of effective antiresorbing and bone forming agents
provides physicians and patients with new opportunities to
effectively treat this common disease. Antiresorbing agents are
likely to be effective by decreasing bone turnover and preventing
perforations which disrupt trabecular connectivity (87). Bone
forming agents decrease fractures by increasing bone mass (normal
bone) and bone strength. Some reconnectivity of trabecular struts
is also possible depending on the severity of bone loss.

Finally, in this day of cost restraints Francis et al (88)
performed a comparison of effectiveness and cost of treatment for
vertebral fractures in England. Based on the formula used by
Francis and colleagues, Table 10 is a similar analysis of agents in
this country based on their predicted fracture reduction (from
studies) and monthly cost. Baseline fracture rate was based on
.229/pt/yr which is the rate of fracture in an untreated group of
patients with estblished osteoporosis. Montly price for SR-NaF is
based on speculation and other prices are from one pharmacy, not
necessarily the best deal in town.
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COST COMPARISON*

Predicted Cost per Fx

Product Monthly Annually Fx Reduction  Averted
Table 10

Premarin** $17.36 $210 60% $1,564

Prempro** $22.45 $270 60% $2,078

SR-NaF $37.50++  $450 70% $2,976

Nasal Calcitonin* $56.30 $675 67% $4,669

Alendronate $56.25 $675 52% $6,005

+ Data very limited supporting reduction in fracture rate
++ Reduction based on Cohort and case-controlied studies
+++ Based on estimation (unofficial) of $1.25/day.

* Based on formula by Francis et. al., 1995.

Issues for now and in the future:
1. Which patients should be screened? There remains controversy
over the classification of osteoporsis and better predictors of
fracture risk are needed. Population based screening is not
recommended at the present time.

2. Further development of markers of bone turnover to assist in the
diagnosis and selection of treatment are needed.

3.The development of non-invasive means to accurately assess bone
strength.

4.Studies are needed to determine when or if patients would benefit
from combination therapies.

5. Development of bisphosphonates with better absorption and GI
tolerability .

6. Other agents.

19



10.

ll.

12.

13.

REFERENCES

Melton III, L.J. Hip fracture: a worldwide problem today and
tomorrow. Bone.1993;14 (suppl 1):S1-8.

Chrischilles EA, Butler CD, Davis CS, Wallace RB: A model of
lifetime osteoporosis impact. Arch Intern Med 151:2026-2032,
1s8%1.

Miller CW: Survival and ambulation following hip fracture J
Bone Joint Surg 60-A:930-934, 1978.

Fitzgerald JF, Moore PS, Dittus RS: The care of elderly
patients with hip fracture: Changes since implementation of
the prospective payment system. N Eng J Med 319:1392-1397,
1988. )

Gold D.T., The clinical impact of vertebral fractures:quality
of life in women with osteoporosis. Bone 1996;18:1855-189S.

Lyles, K.W., Gold, D.T., Shipp, K.M., Pieper, C.F., Martinez,
S., Mulhausen,P.Association of osteoporotoic vertbral
compression fractus with impaired functional status. Am J. Med
1993;94:595-601.

NIH Development Conference:Conference Report. Am J Med
1993;94:6460650.

Kanis, J.A., L.J. Melton III, C. Christiansen, C.C. Johnston,
N. Khaltaev. Perspective: The diagnosis of osteoporosis. J.
Bone Min. Res. 9(8):1137-1141, 1994.

Melton,L.J.III, Atkinson,E.J., O'Fallon,W.M., Wahner,H.W.,
Riggs, B.L. Long-Term Fracture Prediction by Bone Mineral
Assessed at Different Skeletal Sites. J Bone Min. Res.
1993;8(10), 1227-1233.

Cummings SR, Black DM, Nevitt MC, Browner W, Cauley D, Ensrud
K, Genant HK, Palermo L, Scott J, Vogt TM: Bone density at
various sites for prediction of hip fractures. Lancet
341:72- 75; 1993.

Melton III, L.J. Perspectives: How many women have
osteoporosis now? J. Bone Min. Res. 10(2):175-177, 1995.

Hayes WC, Piazza SJ, Zysset PK, Biomechanics of fracture risk
prediction of the hip and spine by quantitative computed
tomography. Raduiuk Ckub North Am. 1991;29:1-18.

@rtoft G, Moskelide L, Hasling C, Estimation of vertebral
body strenghth by dual photon absorptiometry in elderly
individuals:comparison between measurements of total vertebral
and vertebral body mineral. Bone 1993;14:667-673.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Lane, N. Commentary on "Alendronate reduced new vertebral
fractures in postmenopausal osteoporosis" ACP J Club. 1994
Mar-Apr; 124(2)33. Comment on: Liberman,UA, Weiss,SR, Broll
F, etal. Effect of oral alendronate on bone mineral density
and the incidence of fractures in postmenopausal osteoporosis.
NEJM, 1995(Nov.30) 7333, 1437-43.

Melton III, L.J., E.A. Chrischilles, C. Cooper, A.W. Lane,
B.L. Riggs. Perspective: How many women have osteoporosis?
J. Bone Min. Res. 7(9):1005-1010, 1992.

Cooper C., Atkinson E.J., O'Fallon W.M, Melton LJ
III,Incidence of clinically diagnosed vertebral fractures:a
population-based study in Rochester,Minnesota , 1985-1989. J
Bone Miner Res 1992;7:221-7.

Hui, S.L., C.W. Slemenda, C.C. Johnston, Jr. Age and bone
mass as predictors of fracture in a prospective study. J.
Clin. Invest. 81:1804-1809, 1988.

Hui, S.L., C.W. Slemenda, M.A. Carey, C.C. Johnston, Jr.
Choosing between predictors of fractures. J. Bone Min. Res.
10:1816-1822, 1995.

Hui, S.L., C.W. Slemenda, C. C. Johnston, Jr. Baseline
measurement of bone mass predicts fracture in white women.
Ann. Int. Med. 111:355-361, 1989.

Black DM, Cummings SR, Melton LJ: Appendicular bone mineral
and a woman's lifetime risk of hip fracture. J Bone Min Res
7:639-646, 1992.

Compston, J.E., C. Cooper, J.A. Kanis. Bone densitometry in
clinical practice. Brit. Med. J. 310:1507-1510, 1995.

Gardsell, P., O. Johnell, B.E. Nilsson, B. Gullberg.
Predicting various fragility fractures in women by forearm
bone densitometry: A follow-up study. Calcif. Tiss. Int.
52:348-353, 1993.

Orwoll, E.S., D.C. Bauer, T.M. Vogt, K.M. Fox. Axial bone
mass in older women. Ann. Int. Med. 124(2):187-196, 1996.

Melton III, L.J., Eddy DM, Johnston CC. Screening for
osteoporosis. Ann. Int. Med. 1990;112:516-528.

Hui,S.L., Slemenda,C.W., Carey,M.A., Johnston,C.C.,Jr.
Choosing Between Predictors of Fractures. .J Bone Min. Res.
1995; 10(11), 1816-1822.

Ross, P.D., J.W. Davis, R.S. Epstein, R.D. Wasnich. Pre-
existing fractures and bone mass predict vertebral fracture
incidence in women. Ann. Int. Med. 114(11):919-923, 1991.



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Johnell, 0., B. Gullberg, J.A. Kanis, E. Allander, L. Elffors,
J. Dequeker, G. Dilsen, C. Gennari, A.L. Vaz, G. Lyritis, G.
Mazzuoli, L. Miravet, M. Passeri, R. P. Cano, A. Rapado, C.
Ribot. Risk factors for hip fracture in european women: The
MEDOS study. J. Bone Min. Res. 10:1802-1815, 1995.

Cummings, S.R., Black, D. M., Rubin,S. M.,Lifetime risks of
hip, colles' or vertebral fracture and coronary heart disease
among white postmenopausal women. Arch Intern Med
19897;149:2445-2448.

Torgerson, D.J., M.K. Campbell, R.E. Thomas, D.M. Reid.
Prediction of perimenopausal fractures by bone mineral density
and other risk factors. J. Bone Min. Res. 11:293-297, 1996.

Lindsay R, Aitken JM, Anderson JB, Hart DM, MacDonald EB,
Clarke AC: Long-term prevention of postmenopausal
osteoporosis by estrogen. Lancet 5:1038-1040, 1976.

Lufkin, E.G., H.W. Wahner, W.M. O'Fallon, S.F. Hodgson, M.A.
Kotowicz, A.W. Lane, H.L. Judd, R.H. Caplan, B.L. Riggs.
Treatment of postmenopausal osteoporosis with transdermal
estrogen. Ann. Int. Med. 117(1):1-9, 1992.

Stevenson, J.D., Cust, M.P., Gangar, K.F., Hiullard, T.C.,
Lees, B., whitehead, M.I. Effects of transdermal versus oral
hormone replacement therapy on bone density in spine and
proximal femur in postmenopausal women. Lancet.
1990;336:265- 269.

Felson DT, Zhang Y, Hannan MT, Kiel DP, Wilson PWF, Anderson
JJ: The effect of postmenopausal estrogen therapy on bone
density in elderly women. N Eng J Med 329:1141-1146, 1993.

Kiel DP, Felson DT, Anderson JJ, Wilson PWF, Moskowitz MA:
Hip fracture and the use of estrogens in postmenopausal women.
N Eng J Med 317:1169-1174, 1987.

Ettinger B, Genant HK, Cann CE: Long-term estrogen
replacement therapy prevents bone loss and fractures. Ann Int
Med 102:319-324, 1985.

Maxim, P., B. Ettinger, G.M. Spitalny. Fracture protection
provided by 1long-term estrogen treatment. Osteop. 1Int.
5:23-29, 1995,

Quigley, M.E.T., Martin, P.L., Burnier,A.Ms., Brooks,P.,
Estrogen therapy arrests bone loss in elderly women. Am J
Obstet Gynecol 1987;156:1516-1523.

Riggs B, Hodgson S, O'Fallon M, Chao C, Wahner H, Muhs J,
Cedel S, Melton J: Effects of fluoride treatment on the
fracture rate in postmenopausal women with osteoporosis. N
Eng Med 322:802-809, 1990.



39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Pak C.Y.C., K. Sakhaee, B. Adams-Huet, V. Piziak, R.D.
Peterson, J.R. Poindexter. reatment of postmenopausal
osteoporosis with slow-release sodium fluoride. Ann. Int.
Med. 123(6):401-408, 1995.

Dawson-Hughes B, Dallal G, Krall E, Saowski L, Sahyoun N,
Tannenbaum: A controlled trial of the effects of calcium
supplementation on bone density in postmenopausal women. N
Eng J Med 323:878-883, 1990.

Gonnelli, S., C. Cepollaro, A. Camporeale, P. Nardi, S. Rossi,
C. Gennari. Acute biochemical variations induced by two
calcium salts in healthy perimenopausal women. Calcif.
Tiss. Int. 57:175-177, 1995.

Chapuy, M.C., Arlot, M.E., Duboeuf, F., Brun J, Crouzet
B,Arnaud S, et al. Vitamin D3 and calcium to prevent hip
fractures in elderly women.N Engl J Med 1992;327:1637-1642.

NIH consensus conference:Optimal calcium intake. JAMA.
1994;272:1942-8.

MacIntyre I, Stevenson J, Whitehead M, Wimalawansa S, Banks L,
Healy M. Calcitonin for prevention of postmenopausal bone
loss. Lancet 1988:1, 990-902.

Gennari, C., D. Agnusdei, M. Montagnani, S. Gonnelli, R.
Civitelli. An effective regimen of intranasal salmon
calcitonin in early postmenopausal bone loss. Calcif. Tiss.
Int. 50:381-383,

1992.

Overgaard, K., B.J. Riis. Nasal salmon calcitonin in
osteoporosis. Calcif. Tiss. Int. 55:79-81, 1994.

Overgaard, K. Effect of intranasal salmon calcitonin therapy
on bone mass and bone turnover in early postmenopausal women:
A dose-response study. Calcif. Tiss. Int. 55:82-86, 1994.

Overgaard, K., B.J. Riis, C. Christiansen, Hansen, M. A.,
Effect of salcatonin given intranasally on early
postmenopausal bone loss. Brit. Med. J. 299:477-479, 1989.

Overgaard, K., Riis, B.J., Christiansen, C., Podenphant, J.,
Johansen,J.S. Nasal calcitonin for treatment of established
osteoprosis. Clin Endocrinol. 1989;30:435-442,

Overgaard, K., M. A. Hansen, S.B. Jensen, -C. Christiansen.
Effect of salcatonin given intranasally on bone mass and
fracture rates in established osteoporosis: A dose-response
study. Brit. Med. J. 305:556-561, 1992.



bl.

52.

53.

54.

55.

56.

57.

58.

59.

Adami, S., M. Passeri, S. Ortolani, M. Broggini, L.
Carratelli, I. Caruso, G. Gandolini, L. Gnessi, M. Laurenzi,
A. Lombardi, G. Norbiato, S. Pryor-Tillotson, C. Reda, L.
Romanini, D. Subrizi, L. Wei, A.J. Yates. Effects of oral
alendronate and intranasal salmon calcitonin on bone mass and
biochemical markers of bone turnover in postmenopausal women
with osteoporosis. Bone 71(4):383-390, 1995.

Reginster J, Albert A, Lecart M, Lambelin P, Denis D, Deroisy
R, Fontaine M, Franchimont P. 1-Year controlled randomized
trial of prevention of early postmenopausal bone loss by
intranasal calcitonin. Lancet 1987:Dec 26:1481-1483.

Reginster, J.Y., D. Denis, R. Deroisy, M.P. Lecart, M. De
Longueville, B. Zegells, N. Sarlet, P. Noirfalisse, P.
Franchimont. Long-term (3 years) prevention of trabecular
postmenopausal bone loss with low-dose intermittent nasal
salmon calcitonin. J. Bone Min. Res. 9(1):69-73, 1994.

Reginster, J.Y., L. Meurmans, R. Deroisy, I. Jupsin, I.
Biquet, A. Albert, P. Franchimont. A b5-year controlled
randomized study of prevention of postmenopausal trabecular
bone loss with nasal salmon calcitonin and calcium. Euro. J.
Clin. Invest. 24:565-569, 1994.

Reginster, J.Y., R. Deroisy, M.P. Lecart, N. Sarlet, B.
Zegels, I. Jupsin, M. de Longueville, P. Franchimont. A
double-blind, placebo-controlled, dose-finding trial of
intermittent nasal salmon calcitonin for prevention of
postmenopausal lumbar spine bone loss. Am. J. Med. 98:452-
458, 1995.

Thamsborg, G., J.E.B. Jensen, G. Kollerup, E.M. Hauge, F.
Melsen, O.H. Seorensen. Effect of nasal salmon calcitonin on
bone remodeling and bone mass in postmenopausal osteoporosis.
Bone 18(2):207-212, 1996.

Storm T, Steiniche T, Thamsborg G, Fleming M. Changes in bone
histomorphometry after long-term treatment with intermittent,
cyclic etidronate for postmenopausal osteoporosis. J Bone Min
Res 1993;8(2):199-208.)

Parfitt,A.M., Grundy,G.R., Roodman,G.D. ,Hughes,D.E.,
Boyce,B.F. Theoretical Perspective: A New Model for the
Regulation of Bone Resorption, with Particular Reference to
the Effects of Bisphosphonates. J Bone Min. Res. 1996;11(2),
150-159.

Levy F, Muff R, Dotti-Sigrist S, Dambacher MA, Fischer JA.
Formation of neutralizing antibodies during intranasal
synthetic salmon calcitonin during treatment of paget's
disease. J Cl Endocrinol Metab 1988;67(3):541-5



60.

61.

62.

63.

64.

65.

66.

67.

68.

Lyritis GP, Tssakalakos N, Magiasis B, Karachalios T,
Yiatzides A, Tsekoura M. Analgesic effect of salmon calcitonin
in osteoporotic vertebral fractures: a double-blind placebo-
controlled clinical study. Calif Tiss Int 1991;49:369-372.

Watts N, Harris S, Genant H, Wasnich R, Miller P, Jackson R,
Licata A, Ross P, Woodson G, Yanover M, Mysiu J, Kohse L, Rao
M, Steiger P, Richmond B, Chestnut C. Intermittent cyclical
etidronate treatment of postmenopausal osteoporosis. NEJM
1990:323, 73-79. '

Storm T, Thomsborg G, Steiniche T, Genant H, Sorensen O.
Effect of intermittent cyclical etidronate therapy on bone
mass and fracture rate in women with postmenopausal
osteoporosis. NEJM 1990:322, 1265-1271.

Harris ST, Watts NB, Jackson RD, et al. Four-year study of
intermittent cyclical etidronate treatment of postmenopausal
osteoporosis: three years of blinded therapy followed by one
year of open therapy. Am J Med 1993;95(12) :557-67

Marcus ,R. Cyclic etidronate:Has the rose lost its bloom? Am
J Med 1993;95:555-556.

Kanis, J.A., B.J. Gertz, F. Singer, S. Ortolani. Rationale
for the use of alendronate in osteoporosis. Osteop. Int. 5:1-
13, 1995.

Chesnut, C.H., M.R. McClung, K.E. Ensrud, N.H. Bell, H.K.
Genant, S.T. Harris, F.R. Singer, J.L. Stock, R.A. Yood, P.D.
Delmas, U. Kher, S.P.-Tillotson, A.C. Santora. Alendronate
treatment of the postemenopausal osteoporotic woman: Effect of
multiple dosages on bone mass and bone remodeling. Am. J.
Med. 99:144-152, 1995.

Devogelaer J.P., Broll H., Correa-Rotter R., Cumming D.C.,
Nagant De Deuxchaisnes C., Geusens P., Hosking D., Jaeger P.,
Kaufman J.M., Leite M., Leon J., Liberman U., Menkes C.,J.
Meunier P.J., Reid I., Rodriguez J., Romanowicz A., Seeman E.,
Vermeulen A., Hirsch L.J., Lombardi A., Plezia K., Santora
A.C., Yates A.J., Yuan W. Oral alendronate induces progressive
increases in bone mass of the spine, hip, and total body over
3 years 1in postmenopausal women with osteoporosis.
Bone.1996;18(2) :141-50.

Liberman, U.A., S.R. Weiss, J.Broll, H.W. Minne, H. Quan, N.H.
Bell, J. Rodriguez-Portales, R.W. Downs, Jr., J. Dequeker, M.
Favus, E. Seeman, R.R. Recker, T. Capizzi, A.C. Santora II, A.
Lombardi, R.V. Shah, L.J. Hirsch, D.B. Karpf. Effect of cral
alendronate on bone mineral density and the incidence of
fractures in postmenopausal osteoporosis. N. Eng. J. Med.
333:1437-1443, 1995.



69.

70.

71.

72

73.

74.

75.

76.

77.

78.

79.

80.

Black DM, Cummings SR, Thompson D. The effect of alendronate
on rates of vertebral and non-vertebral fractures in women
with vertebral fractures: preliminary results of the fracture
intervention trial. Proceeding World Congress on Osteoporosis
Amdersterdam, 1996.

Vasikaran,S.D., Khan S., McCloskey E.,V., Kanis,J.,A.,
Sustained response to intravenous alendronate in
postmenopausal osteoporosis. Bone 1995;17(6):517-520.

Thiebaud D, Kriegbaum H,Huss C, Intravenous injection of
ibandronate in the treatment of postmenopausal osteoporosis.
Proceeding World Congress on Osteoporosis Amdersterdam, 1996.

Heaney, R. P. The bone-remodeling transient: Implications for
the interpretation of clinical studies of bone mass change. J
Bone Min Res. 1994;9:1515-1523.

Parfitt, A.M., G.R. Mundy, G.D. Roodman, D.E. Hughes, B.F.
Boyce. A new model for the regulation of bone resorption,
with particular reference to the effects of bisphosphonates.
J. Bone Min. Res. 11:150-159, 1996.

Ensrud, K.E., L. Palermo, D.M. Black, J. Cauley, M. Jergas,
E.S. Orwoll, M.C. Nevitt, K.M. Fox, S.R. Cummings. Hip and
calcaneal bone loss increase with advancing age: Longitudinal
results from the study of osteoporotic fractures. J. Bone
Min. Res. 10:1778-1787, 1995.

Adami, S., J.A. Kanis. Assessment of involutional bone loss:
Methodological and conceptual problems. J. Bone Min. Res.
10:511-517, 1995.

Garnero, P., E. Sornay-Rendu, M.-C. Chapuy, P.D. Delmas.
Increased bone turnover in late postmenopausal women is a
major determinant of osteoporosis. J. Bone Min. Res.
11(3):337-349, 1996.

Riggs BL, Khosia S. Role of biochemical markers in assessment
of osteoporosis. Acta Orthop Scand 1995(S266)66;14-18.

Pak CYC, Zerwekh JE, Antich PP, Bell NH, Singer F.
Perspective: Slow-release sodium fluoride in osteoporosis. J
Bone Min Res.1996;11(5):561-564.

Jowsey J, Riggs BL, Kelly PJ, Hoffman DL, Effect of combined
therapy with sodium fluoride, vitamin D and calcium in
osteoporosis. Am J. Med. 1972;53:43-9)

Farley JR, Wergedal JE, Baylink DJ. Fluoride directly
stimulates prolifersatio and alkaline phosphatase activit fo
bone-formnig cells. Science. 1983;222:330-332)



81.

82.

83.

84.

85.

86.

87.

88.

Reed BY, Zerwekh JE, Antich, Pak CYC. Fluoride-stimulated [3H]
thymidine uptake in a human osteoblassstic osteosarcoma cell
line is dependent on transorming growth factor B. J Bone Miner
Res. 1993;8(1) :19-25.

Riggs, B,L., O'Fallon, W.M., Lane,A.,Hodgson S.F. Wahner, H.

W., Muhs, J, Chao E., Melton, L.J. Clinical trial of
fluoride therapy in postmenopausal osteoporotic women:
Extended observations and additional analysis. J Bone Miner
Res 1994;9:265-275.

Lindsay R., Fluoride and bone -quanity versus quality.N Engl
J Med 1990.322;12:845-6) .

Pak, C.Y.C., K. Sakhaee, Zerwekh JE, Parcel C, Peterson R,
Johnson K. Safe and effective treatment of osteoporosis with
intermittent slow release sodium fluoride: augmentation of
vertebral bone mass and inhibition of fractures. J. Clin.
Endocrinol. Metab. 1989;68(1):150-159.

Pak, C.Y.C., K. Sakhaee, N.H. Bell, A. Licata, C. Johnston, B.
Rubin, S. Bonnick, V. Piziak, H. Graham, J. Ballard, R.
Berger, W. Fears, N. Breslau, C. Rubin, B. Adams-Huet.
Comparison of nonrandomized trials with slow-release sodium
fluoride with a randomized placebo-controlled trial in
postmenopausal osteoporosis. J. Bone Min. Res. 11:160-168,
1996.

Rubin CD, Adams-Huet B, Heard A, McDonald L. Treatment of
senile osteopososis(TSO0S): An interim analysis. Annual meeting
of the American Geriatrics Society, Chicago, 1996.

Riggs,B. L.,Melton L. J., O'fallon,W.M. Drug therapy for
vertebral fractures in osteoporosis: evidence that decreases
in bone turnover and increases in bone mass both determine
antifracture efficacy. Bone.1996;18(3S):197S-201S.

Francis, R.M., F.H. Anderson, D.J. Torgerson. A comparison of
the effectiveness and cost of treatment for vertebral
fractures in women. Brit. J. Rheumatol. 34:1167-1171, 1995.



