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Review
Salmon Calcitonin Nasal Spray

An Effective Alternative to Estrogen Therapy in Select Postmenopausal Women

Louis V. Avioli
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of St. Louis, St. Louis, MO

The efficacy and safety of estrogen replacement
therapy (ERT) and salmon calcitonin in the treatment
of postmenopausal osteoporosis are reviewed with
special consideration given to patients for whom ERT,
the primary antiresorptive therapy for osteoporaosis, is
not indicated, tolerable, or is refused. The various for-
mulations of estrogen and salmon calcitonin, for which
the nasal spray formulation was recently approved for
use in the United States, are reviewed in depth with
reference to dose ranges, side effects, and convenience.
Data regarding increases in bone mineral density
(BMD) produced by each agent are presented. Specifi-
cally, the range of increases in BMD induced by ERT
and salmon calcitonin are comparable. Given the sub-
stantial public health consequences of postmenopausal
osteoporosis and osteoporotic fractures, the primary
care physician is increasingly faced with the need to
educate and recruit postmenopausal patients to appro-
priate therapy with the optimal agent for that particu-
lar patient. In the many patients who are unable or
unwilling to accept, initiate, and comply with pre-
scribed ERT, alternative therapeutic options are neces-
sary Based on the established safety profile of salmon
calcitonin, ease of administration, an uncomplicated
dosing regimen, no reported drug interactions, and the
lack of uterine bleeding associated with ERT or gas-
trointestinal adverse effects of other agents used to
treat osteoporosis, salmon calcitonin nasal spray is an
appropriate alternative approach for the treatment of
postmenopausal bone loss.
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Introduction

The likelihood that today’s primary care physician will
evaluate and treat female patients for symptoms of estrogen
deficiency is increasing secondary to the aging of the U.S.
population. In fact, it is estimated that because of increased
patient longevity, the average woman will be postmeno-
pausal for approximately one third of her life (Davidson,
1995). Although many of these female patients will present
with the objective and subjective symptoms most com-
monly associated with menopause (e.g., hot flashes, vagi-
nal atrophy, emotional lability), many others will present
initially with a vertebral crush fracture ora Colles’ fracture,
indicating a more potentially devastating condition, post-
menopausal osteoporosis.

Defined by the World Health Organization as “a disease
characterized by low bone mass and microarchitectural
deterioration of bone tissue, leading to enhanced bone fra-
gility and a consequent increase in fracture risk,” osteo-
porosis results from a heterogeneity of skeletal and
extraskeletal factors that each contribute to the disorder
{World Health Organization, 1994). Specific decreases
from normal values for bone mineral density (BMD) fur-
ther distinguish women with osteoporosis from those with
osteopenia, or low bone mass: Osteoporosis is categorized
by aBMD value 2.5 standard deviations (SD) or more below
the mean for young healthy adult women, whereas osteo-
penia is classified by a BMD value between 1 and 2.5 SD
below the reference mean; by comparison, severe (estab-
lished) osteoporosis is categorized by a BMD value more
than 2.5 SD below the reference mean in the presence of
one or more fragility fractures (Kanis et al., 1994; World
Health Organization, 1994).

The prevalence of these disorders underscores the mag-
nitude of the public health concern related to osteoporosis
within the United States today. In a 1995 report by Looker
et al. (1995), in which the previously cited WHO diag-
nostic criteria were utilized, the estimated number of
non-Hispanic white women aged 50 yr or older with
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osteoporosis within the United States was 5—6 million;
corresponding figures for osteopenia were 10—15 million
women. Melton (1995) reported 1995 estimates of 9.4 mil-
lion and 16.8 million for osteoporosis and osteopenia,
respectively, in white postmenopausal women in the United
States. He further estimated that 4.8 million women (51%
of the osteoporotic women and 16% of all white women
250 yr) have established osteoporosis, noting that this fig-
ure is probably an underestimate since most fractures in
elderly women are related at least in part to low BMD.
Based on these figures, the total population of white women
in the United States at risk of fracture secondary to
osteopenia or osteoporosis is 26.2 million.

The Consequences of Osteoporosis

Often called “the silent thief” (World Health Organiza-
tion, 1994) because of its covert early progression, osteo-
porosis is associated with substantial disability and
increased morbidity and mortality with advancing age, as
the overt manifestations of the disease—osteoporotic frac-
tures—occur at a markedly increased rate. In the United
States, approx 1.5 million fractures attributable to osteo-
porosis occur each year (Peck et al., 1988; Riggs, 1991).
The most common fracture sites include the vertebrae
(650,000), the hip (250,000), and the distal forearm
(200,000). The consequences of hip fracture are often par-
ticularly severe: In the first year after a hip fracture, the
mortality rate is approx 12—20% higher than that in persons
of similar age and gender without hip fracture in the general
population {Miller, 1978; Gallagher et al., 1980; Lewinnek
et al., 1980; Cummings et al., 1985); the excess mortality
occurs primarily in the first 4-6 mo after the hip fracture
(Miller, 1978; Gallagher et al., 1980; Nevitt, 1994). Of the
patients who survive hip fractures, at least 50% of those
who could walk before sustaining the fracture are unable to
walk unassisted afterward. In addition, up to 50% of all
patients with hip fracture cannot live independently fol-
lowing the fracture (Melton, 1993). Specifically, according
to Phillips et al., hip fractures in the United States result in
approx 61,000 nursing home admissions per year among
white women (Phillips et al., 1988).

No less devastating are the financial costs of osteoporosis
care in American women: In 1986, the total cost of treating
osteoporosis—including inpatient, outpatient, and nursing
home care—were approx $5.2 billion (Phillips et al., 1988).
Recently reported estimated total care costs have nearly
doubled and are reported to be at least $10 billion (Riggs
and Melton, 1992). The enormous public health impact of
osteoporotic fractures and the burden to the community and
the healthcare system indicate the urgent need for preven-
tion and necessitate that the primary care physician be able
to identify appropriate patients for preventative and thera-
peutic treatment of osteoporosis and then select the most
appropriate therapy for those patients.

Estrogen Replacement Therapy

Mechanism of the Antiresorptive Action of Estrogen

Menopause is often associated with a relatively sudden
cessation of endocrine function of the ovary that signifi-
cantly alters skeletal homeostasis, resulting in loss of bone
tissue. Prior to menopause, the predominant estrogen is
17-B estradiol, which is secreted by the ovary (Lindsay,
1993). Postmenopause, there is a marked decline in estra-
diol, as well as in estrone and progesterone, producing a
significant decrease in total circulating estrogen levels,
which has been shown to correlate with the rate of bone loss
(Lindsay, 1993).

The relatively marked decrease in total estrogen levels is
thought to resultin increased activation of bone remodeling
and the number of bone remodeling sites, resulting in a
proposed increase in the activity and number of osteoclasts
and possibly altered osteoblast function (Lindsay, 1991,
1993; Compston, 1993; Lindsay etal., 1993), The net effect
is a significant negative imbalance between bone resorp-
tion and bone formation at each remodeling cycle (Lindsay,
1991, 1993). An independent, age-related factor contribut-
ing to the increase in bone loss is also thought to exist in
addition to an estrogen deficiency mechanism of action
(Lindsay, 1993).

The reintroduction of estrogen via estrogen-replacement
therapy (ERT) reverses the effects of ovarian failure (Lind-
say, 1991). The minimum effective dose for conjugated
equine estrogen is 0.625 mg/d, and for percutaneous estra-
diol, 50 pg via transdermal patch appears to achieve these
levels (Lindsay, 1993).

Review of Prospective Clinical Trial Data

Two decades of prospective clinical trial results stand in
support of the efficacy of ERT in the prevention and treat-
ment of estrogen-deficient osteoporotic syndrome. These
results, though frequently difficult to compare owing to
inconsistencies in study design and methodology, have
established the therapeutic role of estrogen in stopping and/
or reversing bone resorption in the axial and appendicular
skeleton.

The results of controlled studies conducted in the past 5
yr continue to corroborate the well-documented efficacy of
ERT in preventing and/or minimizing bone loss and in
increasing BMD in estrogen-deficient women. Of equal
importance, these therapeutic effects on BMD have been
clearly shown to decrease the risk of fractures in early post-
menopausal women and in those with established osteo-
porosis. As a result, estrogen is the agent of first choice in
most women for the prevention of skeletal bone loss and
for the long-term treatment of primary and established
0Steoporosis.

The salutary effects of estrogen on bone resorption and
mineral density were noted anecdotally for many years and
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reported in the medical literature by several investigators
(Horsman etal., 1977; Reckeretal., 1977). However, these
effects were first documented in a prospective, random-
ized, placebo-controlled study initiated by Lindsay et al. in
1968 (Aitken et al., 1973; Lindsay et al., 1976). Ina 10-yr
follow-up report of the study results published in 1987,
bone mass measurements in 26 of the estrogen-treated
women and 25 placebo-treated subjects revealed a signifi-
cant increase in mean BMD values in the lumbar spine and
femoral neck for the treated patients (1.17 and 0.87 g/cm?,
respectively) vs placebo patients (0.94 and 0.77 g/cm?,
respectively) (p < 0.001, lumbar spine; p < 0.01, femoral
neck) (Al-Azzawi et al., 1987).

Tables 1 and 2 describe the major prospective studies
conducted between 1970 and 1996 of oral and percutane-
ous estrogen therapy in postmenopausal and oophorec-
tomized women (Lindsay et al., 1976, 1984; Nachtigall et
al., 1979; Christiansen et al., 1980; Ettinger et al., 1987,
Riisetal., 1987; Hart et al., 1987; Ribot et al., 1987, 1988;
Civitelli et al., 1988; Munk-Jensen et al., 1988; Adami et
al., 1989; Gallagheretal., 1989; Lindsay and Tohme, 1990;
Stevenson et al., 1990; Harris et al., 1991, Motta et al.,
1991; Lufkin et al., 1992; Aloia et al., 1994; Lafferty and
Fiske, 1994; Cantatore etal., 1995). In studies utilizing oral
doses of 0.625 mg of conjugated estrogen (Lindsay et al.,
1984; Lindsay and Tohme, 1990; Stevenson et al., 1990;
Harris et al., 1991; Aloia et al., 1994; Lafferty et al., 1994)
or a 50-pg patch (Ribot et al., 1988; Adami et al., 1989;
Stevenson et al., 1990; Motta et al., 1991; Cantatore et al.,
1995; Marcus et al., 1996), annual increments in BMD
ranged from stabilization of bone loss (i.e., 0% annual
increase in BMD) to as high as 12%; in most studies, how-
ever, annual increases in BMD ranged from 2—5%.

In addition to these prospective studies, a variety of
cross-sectional studies have been undertaken that attest to
the ability of estrogens to prevent and/or minimize bone
loss caused by estrogen deficiency, in either surgically
induced or natural menopause (Jensen etal., 1982; Ettinger
etal., 1985; Savvasetal., 1988; Mooreetal., 1990; Villareal
et al., 1992).

Estrogen replacement therapy is effective in early post-
menopausal women as well as in women with established
osteoporosis. The efficiency of estrogen in halting and/or
minimizing bone loss and in increasing BMD during rapid
bone loss in the early postmenopausal phase (i.e., < 6 mo
and up to 2 yr postmenopause) is supported by findings
from several clinical investigations (Lindsay et al., 1984;
Ettinger et al., 1987; Hart et al., 1987, Riis et al., 1987;
Munk-Jensen et al., 1988; Stevenson et al., 1990; Aloia et
al., 1994; Cantatore etal., 1995). Munk-Jensen et al. (1988)
reported an increase of greater than 6% in BMD in the
lumbar spine, and in a very recent study, Cantatore et al.
(1995) documented increases in both cortical and trabecu-
lar bone mass in the first 6 mo of estrogen treatment in
women who were less than 6 mo from clinical menopause.

Women with established osteoporosis also clearly ben-
efit from therapy with estrogen. Jensen et al. (1982) dem-
onstrated a continuous increase in BMD in 70-yr-old
women treated with oestradiol. Results of a more recent
study by Lindsay et al. (1990) in women with established
osteoporosisrevealed a 2.7% increase in BMD in the femo-
ral neck and a 5.3% increase in the lumbar spine. Similarly,
Lufkin et al. (1992) reported increases in BMD of 7.6 and
5.3% in the femoral trochanter (p <0.03) and lumbar spine,
respectively, in osteoporotic women up to 25 yr from meno-
pause who had received transdermal ERT.

It should be noted that broad generalizations based on an
in-depth analysis of the studies cited in Tables 1 and 2 can
be fraught with interpretative difficulties for many reasons.
Coefficients of variations in separate studies using identi-
cal densitometric methods vary from 1% (Munk-Jensen et
al., 1988) to 4% (Riis et al., 1987). In addition, some meth-
ods of measuring bone density (i.e., quantitative computed
tomography [QCT]) can be criticized because they appear
to overestimate bone loss (Laval-Jeantet et al., 1984).
Moreover, differences in menopausal ages and in estrogen
preparations, as well as the established heterogeneity of
bone loss in oophorectomized (Orimo et al., 1993) and
postmenopausal osteoporotic women (Civitellietal., 1988;
Eriksen et al., 1990; Arlot et al., 1993) often confound the
interpretation of the derived data. The heterogeneous
bone-loss patterns can result in serious misconceptions
regarding the efficacy of estrogen, since postmenopausal
patients with more rapid remodeling or “high-turnover”
skeletal status respond better to attempts at therapeutic
intervention with drugs that suppress bone resorption
(Civitellietal., 1988; Gennari etal., 1993). Finally, women
with earlier onset of menopause are also more likely to have
a sustained response to estrogens (Nachtigall et al., 1979).

Impact of Estrogen Replacement Therapy
on Fracture Rate

Of'significance from a broader clinical and public health
perspective, results of a limited number of retrospective
and prospective studies, as well as case-controlled studies,
indicate that long-term ERT reduces fracture risk at spe-
cific fracture sites. More specifically, Ettinger et al. (1985)
reported in one retrospective study that long-term estrogen
therapy was associated with a 53.7% decrease in the num-
ber of vertebral fractures. In addition, case-controlled stud-
ies have consistently reported significant reductions in the
risk of hip and Colles’ fractures in postmenopausal osteo-
porotic women receiving ERT (Hutchinson et al., 1979;
Weiss etal., 1980; Paganini-Hill etal., 1981; Kreigeretal.,
1982; Kiel et al., 1987).

Two recently published retrospective cohort studies
have also shown that long-term ERT confers statistically
significant protection against both peripheral and vertebral
compression fractures (Lafferty and Fiske, 1994; Maxim et
al., 1995). Inalong-term study from 1964 to 1989, Lafferty
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et al. reported a 12% increase in BMD in osteoporotic post-
menopausal women treated with oral estrogens; this increase
was accompanied by a significantly reduced risk of both
vertebral fractures (fracture rate: 6.50 [control group] vs 1.09
[ERT group]) and peripheral fractures (fracture rate: 12.00
[control group] vs 2.19 [ERT group]) (relative risk for ver-
tebral and peripheral fractures, 0.28) (Lafferty and Fiske,
1994). The optimal length of therapy needed to reduce frac-
ture risk has not been firmly established. However, ERT was
administered for at least 5 yr in most studies showing a
reduction in fracture risk. The results of a recent prospec-
tive cohort study by Cauley et al. (1995) suggests that to
decrease fracture risk, ERT should be initiated within 5 yr of
menopause and continued for longer than 10 yr. In this study,
current long-term estrogen use was associated with a 75%
decrease in the risk of wrist fractures (relative risk, 0.39; CI,
0.24-0.06) and a 30-40% decrease in the risk of all nonspinal
fractures (relative risk, 0.66; CI, 0.54—0.80) when compared
with no estrogen use. There was no difference in the effect
of ERT (i.e., unopposed estrogen) and estrogen plus proges-
tin on fracture risk (Cauley et al., 1995).

Estrogen Dosing and Initiation and Duration of Therapy

An oral dose of 0.625 mg of conjugated estrogens or
1.5-2.0 mg of estradiol is considered to be the optimal
therapy for both preventing bone loss and treating existing
osteoporosis (Christiansen et al., 1980). Insignificant dif-
ferences have been reported between the two therapies in
maintaining bone mass long-term (Lindsay et al., 1976).
Furthermore, lower levels of estrogen have been shown to
be ineffective in reducing bone loss in postmenopausal and
oophorectomized women (Lindsay et al., 1984). Results of
Felson et al. (1993) and evidence from controlled clinical
trials (Weiss et al., 1980; Ettinger et al., 1985; Moore et al.,
1990; Naessén et al., 1993) consistently point to the benefit
of initiating ERT as soon as menopause has been clinically
confirmed and of continuing therapy for at least 5-10 yr.
The earlier therapy is started, the greater the effect in pre-
serving bone mass and decreasing fracture risk if therapy is
continued (Hutchinson et al., 1979; Weiss et al., 1980;
Paganini-Hill et al., 1981; Ettinger et al., 1985; Lindsay et
al., 1991).

Traditionally, oral forms of estrogen have been the most
widely prescribed. With oral estrogen formulations, how-
ever, relatively large doses must be administered to compen-
sate for the significant first-pass effect in the liver during
drug metabolism; during the first pass, as much as 60-90%
of the administered dose will be metabolized, leaving only
10-40% of the active drug in the systemic circulation
(Lievertz, 1987). Newer formulations of estrogen include
gels, transdermal patches, subcutaneous implants, and vagi-
nal suppositories. These formulations deliver the lowest
effective estrogen dose directly into the systemic circulation.
The transdermal patch has been found to be as effective as
oral therapy (Stevenson et al., 1990; Lufkin et al., 1992).

Patient Risk Perceptions

of Estrogen Replacement Therapy

Although ERT has been used for several decades, evi-
dence regarding long-term benefits, safety, and risks con-
tinues to emerge, along with therapeutic and monitoring
strategies to preclude the development of therapy-associ-
ated adverse outcomes. Yet despite these data, many
patients for whom ERT is clearly indicated and/or pre-
scribed for the treatment of osteoporosis remain non-
compliant with the physician’s prescribed regimen.

In a British study, Ryan etal. (1992) reported that of 127
postmenopausal women recommended to start (n = 105) or
continue (n = 22) ERT for the treatment of osteoporosis,
28% of the new patients and a total of 39% of the women
prescribed ERT discontinued treatment within an average
of 8 mo, mostly due to side effects (17%). Ravnikar (1987),
reporting preliminary results (5-yr data) from the retro-
spective Massachusetts Women’s Health Survey of 2500
women given a prescription for ERT, found that 20% of
new ERT patients discontinued therapy within 9 mo. An
additional 20-30% of new ERT patients never had their
prescriptions filled. Groeneveld et al. (1995) recently cor-
roborated the high discontinuation rate of ERT in their
follow-up study of 1689 women in an open population.
These investigators reported that although the cumulative
incidence of initial ERT prescription was high, 66% of
patients stopped taking ERT within 21 mo of prescribed
therapy. Reasons for noncompliance with prescribed ERT
are usually related to adverse side effects—predominantly
uterine withdrawal bleeding, or return of menses, and
weight gain—and patient fears of endometrial and/or breast
cancer (Ravnikar, 1987; Ryan et al., 1992). Other side
effects and subjective complaints such as nausea, vomiting
(especially with high doses), headaches, and depression,
can also complicate ERT therapy (Yang et al., 1990).

Fear of cancer is probably the most common reason given
by women who decline or are noncompliant with prescribed
ERT (Lafferty and Fiske, 1994; Ravnikar, 1987; Ryan et
al., 1991; Stumpf and Trolice, 1994). Although ERT has
not been definitively linked as an etiologic factor in any
type of cancer other than endometrial carcinoma in patients
with an intact uterus receiving unopposed estrogen (Smith
etal.,, 1975; Mack et al., 1976; Perrson et al., 1986; Grady
et al., 1995), this fear remains in the forefront of many
patients’ minds. The most recent results from breast cancer
studies in patients receiving estrogen-progestin therapy
continue to reflect conflicting outcomes (Colditz et al.,
1995; Stanford et al., 1995). Lafferty and Fiske (1994),
reviewing the conclusions of four meta-analyses of a total
of 94 ERT studies, concluded that the small increases in
relative risks noted in the meta-analyses most likely reflect
detection bias introduced by more frequent physical
examinations and mammography among women receiv-
ing ERT. These investigators further stated that if a link
does exist between ERT and an increased incidence of
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breast cancer, it is probably confined to women using more
potent estradiol preparations for >15 yr. Patient fears
regarding the association between ERT and cancer can
therefore be tempered by a clear explanation of these find-
ings and of the therapeutic rationale for ERT in the treat-
ment of osteoporosis.

Many women are unable to initiate ERT, however, sec-
ondary to medical contraindications. Current contraindi-
cations include:

1. Known or suspected estrogen-dependent neoplasias, par-
ticularly cancer of the breast or uterus;

2. Abnormal genital bieeding;

3. A history of severe thrombophlebitis or thromboembolic
disease; and

4. Acute liver disease.

Even a prospective candidate’s family history of these
conditions or of diabetes mellitus, prophyria, or severe
hypertensionrequires careful analysis of the benefit-to-risk
ratio of ERT for that patient (Hammond and Maxson, 1982;
Young et al., 1990).

In the face of the reported obstacles related to ERT and
the clinical need for osteoporosis therapy, the practitioner
is faced with analyzing not only the alternative therapeutic
options for patients at risk for initial or continued post-
menopausal bone loss, but also with the task of appropri-
ately matching patients and optimal therapy. While ERT is
generally considered to be the treatment of first choice for
antiresorptive therapy in postmenopausal osteoporosis
(Avioli, 1992; Carretal., 1993; Marsh and Stevenson, 1993;
Gennari et al., 1994), alternative modes of therapy are nec-
essary in select patients. Recently, the Food and Drug
Administration (FDA) approved salmon calcitonin nasal
spray as a treatment option in individuals for whom ERT
therapy is contraindicated, intolerable, or refused.

Salmon Calcitonin in the Prevention
and Treatment of Osteoporosis

Mechanism of the Antiresorptive Action

of Salmon Calcitonin

Calcitonin, a 32-amino-acid polypeptide, is secreted by
the thyroidal C cells and is rapidly degraded after oral
administration by the high concentrations of peptidase in
the gastric secretions. Endogenous calcitonin production
and secretion are dependent on the circulating level of ion-
ized calcium. Specifically, low levels of calcium decrease
calcitonin secretion; high levels of calcium stimulate calci-
tonin release. Diets consistently low in elemental calcium
result in increased parathyroid hormone (PTH) secretion,
decreased calcitonin secretion, and the subsequent stim-
ulation of osteoclastic-regulated bone resorption. By com-
parison, diets high in calcium result in decreased PTH
levels, increased calcitonin production, and a resultant
decrease in osteoclastic-stimulated bone resorption.

Osteoclasts possess specific calcitonin-binding recep-
tors and cause the brush borders of the osteoclasts to disap-
pear, resulting in osteoclast movement away from the bone
resorption surface (Reginster, 1991). The potent effects of
calcitonin on osteoclasts are dose-related and occur within
30 min of administration. Other direct actions of calcitonin
on osteoclasts include marked alterations of the internal
structure of isolated osteoclasts, resulting in restricted cyto-
plasmic motility of the cells, and a reduction in the lifespan
and number of osteoclasts. The net effect of these anti-
osteoclastic functions is a significant reduction in the bone
resorptive activity and a consequent reduction in bone loss
(Reginster, 1991).

Current Indications and Formulations of Calcitonin

The principal calcitonins used therapeutically are por-
cine, human (synthetic), salmon (synthetic), and eel. Of
these substances, salmon calcitonin is the most potent
(Reginster, 1991). Injectable forms of salmon calcitonin
were first indicated for use in the treatment of Paget’s dis-
ease in the United States and later received an indication for
use in the treatment of postmenopausal osteoporosis. The
injectionable (intramuscular [IM] or subcutaneous [SC])
formulations of salmon calcitonin, however, were often
associated with a high rate of noncompliance in elderly
patients. The recently approved nasal spray formulation
has ameliorated the difficulties inherent in parenteral ad-
ministration and is considered a suitable option as an alter-
native therapy in patients who are not appropriate
candidates for ERT.

Review of Prospective Clinical Trial Data

The possibility that calcitonin might be effective in treat-
ing osteoporosis was first investigated in 1970 (Caniggia et
al., 1970). Since that time, calcitonin—primarily salmon
calcitonin—has been evaluated in therapeutic trials in
healthy, early postmenopausal women and in osteoporotic
women in the United States and abroad. In these studies,
therapeutic responses vary from stabilization of bone loss
to striking dose-related increments in vertebral and periph-
eral bone mass.

Tables 3 and 4 describes the many prospective trials that
have been conducted in the past decade to analyze the
effects of salmon calcitonin, administered by IM and SC
injectionand by the newer nasal spray formulation, on BMD
in early postmenopausal women and those with established
osteoporosis. In all but one of the trials (Mazzuoli et al.,
1990), the female participants underwent natural meno-
pause as opposed to oophorectomy.

Injectable Salmon Calcitonin Formulations

Controlled, prospective clinical trials utilizing the IM
and SC formulations of salmon calcitonin at doses of 40,
50, and 100 IU administered at daily, every-other-day, or
twice-a-week intervals have established the efficacy and
safety of salmon calcitonin as a potent antiresorptive agent
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(Mazzuolietal., 1986, 1990; Civitelli etal., 1988; Agnusdei
etal., 1989; Meschiaetal., 1992; Ricoetal., 1995). In these
studies, all patients had been postmenopause for at least 4
yr (range, 4—18 yr), except those in the study by Mazzuoli
et al. (1990) who were evaluated following oviarectomy.
Five of six studies demonstrated either statistically signifi-
cant stabilization of bone loss (i.e., 0% increase in BMD)
(Mazzuoli et al., 1990) or significant increases in BMD
ranging from 7-30.7% (Mazzuoli et al., 1986; Civitelli et
al., 1988; Agnusdei et al., 1989; Rico et al., 1995). Typical
increases in BMD in the latter studies ranged from 7—13%.

Early observations of an analgesic effect associated with
injectable salmon calcitonin in patients with osteoporotic
fractures led to further evaluation of this therapeutic effect
in other studies. Lyritis et al. (1991) conducted a double-
blind placebo-controlled clinical study of the analgesic
effect of 100 TU salmon calcitonin IM in patients with
osteoporotic vertebral fractures; a significant reduction (p
<0.001 ) in pain intensity was observed in the group receiv-
ing calcitonin vs the placebo group. The beneficial effect of
salmon calcitonin therapy was observed from the second
day of treatment onward and was associated with early and
increased mobility in the treatment group. Additional stud-
ies utilizing salmon calcitonin in other pain states have
been conducted with significant increases in analgesia
associated with therapy (Gennari et al., 1985; Roth and
Kolaric, 1986; Szanto et al., 1986).

In studies of injectable salmon calcitonin in osteoporotic
patients, therapy was well tolerated, with only occasionally
reported side effects, such as nausea and flushing. Compli-
ance may be hindered, however, with the injectable salmon
calcitonin formulations, especially in elderly patients and
those receiving long-term treatment (Meschia et al., 1992).
The nasal spray formulation was developed to overcome
these limitations to therapy and to enhance patient conven-
ience and compliance.

Nasal Spray Formulation

The efficacy and safety of salmon calcitonin nasal spray
has been evaluated in seven prospective trials in doses of
50, 100, and 200 IU in osteoporotic women with meno-
pausal ages ranging from less than 3 yr to 24 yr (Reginster
etal., 1987,1994; Agnusdei etal., 1989; Overgaard etal.,
1989a,b, 1992; Ellerington et al., in press). Administra-
tion protocols studied in these trials include daily dos-
ing in the majority of studies (Agnusdei et al., 1989,
Overgaard et al., 1989a,b, 1992; Ellerington et al., in
press), five consecutive days per week, (Reginster, et al.,
1987, 1994) and alternate days three times per week
(Ellerington et al., in press).

Lower-Dose (50 IU and 100 IU) Regimens. In the two
clinical trials conducted by Reginster et al., (1987, 1994)
doses of 50 IU of salmon calcitonin nasal spray were
administered daily on five consecutive days per week to
postmenopausal women less than 3 yr from menopause.

Statistically significant increases in lumbar spine BMD
values of 0.8% (p < 0.01 vs control patients) (Reginster et
al., 1987) and 1.8% (p < 0.05 vs baseline) (Reginster et al.,
1994) were observed in these studies after 1 and 3 yr of
therapy with salmon calcitonin nasal spray, respectively.

Overgaard etal. (1989a) studied doses of 100 IU salmon
calcitonin nasal spray in osteoporotic women 2.5—5 yr from
menopause. These investigators also reported statistically
significant increases in lumbar spine BMD values of 2.5%
in treated patients vs placebo patients (p < 0.001); BMD
values for the total skeleton and distal and proximal fore-
arm were not significantly increased over placebo, how-
ever. In a similar study by Agnusdei et al. (1989), in which
100 IU doses were utilized, BMD values at the distal radius
were increased by 5% (p < 0.01) after 1 yr of continuous
therapy with intranasal salmon calcitonin.

Higher-Dose (200 IU) Regimens. In the first study of
200 IU salmon calcitonin administered daily, Overgaard et
al. (1989b) evaluated changes in BMD at the proximal and
distal forearm and lumbar spine in 17 women with estab-
lished osteoporosis (mean years from menopause, 18) after
1 yr of continuous therapy. The calcitonin group did not
lose BMD at any site measured vs the placebo and control
groups (p<0.001): Increases of 0.8 and 1.4% in BMD were
documented at the proximal forearm and lumbar spine,
respectively (p = NS) (Overgaard et al., 1989b).

To further clarify the relationship between outcome and
dose, Overgaard etal. (1992) conducted a follow-up dosing
study evaluating outcome in patients with established
osteoporosis who received 50 IU (n =40), 100 [U (n = 43),
or2001IU (n=41) of salmon calcitonin nasal spray daily for
2 yr. Measured sites were the distal forearm and lumbar
spine. In this double-blind placebo-controlled study, statis-
tically significant increases in BMD were observed in lum-
bar spine BMD values at each dose vs placebo (p = 0.008),
although these increases were greatest in the 200 IU group
(mean, 3%; range, 1.8-4.2%) (Table 4). Thus, spinal bone
mass increased in a dose-dependent manner to a statisti-
cally significant degree at both 1 yr (p = 0.007) and 2 yr (p
=0.008) (Fig. 1). At the distal forearm, BMD decreased in
all patients but to a lesser degree in the 200 IU salmon
calcitonin group (—0.9%) vs placebo-treated patients
(—1.2%) at 2 yr (p = NS). In addition, there was no differ-
ence in the incidence side effects reported in the salmon
calcitonin groups—regardless of dose—vs the placebo
group (Overgaard et al., 1992).

Ellerington et al. studied two administration protocols
utilizing 200 IU doses of intranasal salmon calcitonin: daily
dosing and alternate-day dosing three times per week (i.e.,
Monday—-Wednesday—Friday schedule) for 2 yr in 36 and
37 patients, respectively. The investigators further subdi-
vided patients into groups according to menopausal age
within each dosing group. Patients who were 5 yr or less
from menopause were classified as “early postmenopause”
patients and those who were >5 yr from menopause were
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Fig. 1. Bone mineral content of the lumbar spine during a 2-year
study with salmon calcitonin nasal spray: (—) placebo; (- --) 50
IU salmon calcitonin; (- - -) 100 [U salmon calcitonin; (—) 200
IU salmon calcitonin. (Reproduced from Overgaard et al., 1992).

patients and those who were >5 yr from menopause were
classified as “late postmenopause” patients (Ellerington et
al., 1996). Women who were >5 yr from menopause (and
who had the lowest baseline BMD values) and who re-
ceived daily salmon calcitonin 200 IU showed the greatest
response to treatment: lumbar spine BMD increased 3.1%
vs placebo (p <0.01). Women who received thrice-weekly
salmon calcitonin 200 IU or placebo had significant
decreases in lumbar spine BMD vs baseline values. Therapy
with salmon calcitonin nasal spray was well tolerated by all
patients, and no significant treatment-related adverse
events were reported (Ellerington et al., 1996).

On the basis of the results in each of the studies of 200
IU salmon calcitonin nasal spray by Overgaard et al. (1992)
and Ellerington et al. (1996) the most significant and con-
sistent improvements in BMD measures occurred with
daily doses of 200 IU in women with established
osteoporosis. Although vertebral bone mass was preserved
by 50-100 IU/d, (Reginster et al., 1987; Overgaard et al.,
1989a) the peripheral bones were not protected by these
dosages (Overgaard et al., 1989a). In addition to these find-
ings, the beneficial effects of 200 IU of salmon calcitonin
nasal spray on fracture rates have also been reported.

Impact of Salmon Calcitonin on Fracture Rates

Therapy with salmon calcitonin clearly decreases fracture
rates in patients with established osteoporosis. A Mediter-
ranean osteoporosis study that examined the incidence of hip
fracture in women 50 yr or older from six countries in southern
Europe demonstrated that calcitonin, like estrogen therapy,
significantly decreased the incidence of hip fractures (Kanis
et al., 1992). In this study, calcitonin therapy and ERT were
associated with the greatest reduction in risk of hip fracture of
all osteoporosis therapies (adjusted relative risk values: calci-
tonin 0.69 [95% CI, 0.51-0.92}, p = 0.015, estrogen, 0.55
[95% CI, 0.36-0.85], p = 0.01) (Kanis et al., 1992).

Calcitonin therapy for 2 yr also produced a significant
reduction in vertebral fracture rates in elderly osteoporotic
postmenopausal women who previously had one or more
vertebral fractures (Rico et al., 1992). In fact, preliminary
data reveal that salmon calcitonin nasal spray 200 IU
daily administered for 2 yr to women with established
osteoporosis reduced the incidence of new fractures by
66% when compared with placebo (Overgaard etal., 1992).
As previously stated, these changes were accompanied by
a statistically significant difference in lumbar spine BMD
between the calcitonin- treated and placebo groups
(Overgaard et al., 1992). Epidemiologic data further
suggest that every 3% increase in BMD corresponds to a
15-20% decrease in fracture rates at either the spine or
femoral neck (Slemenda, personal communication, 1994).

Summary

The nasal spray formulation of salmon calcitonin has
made available in a convenient dosage form an osteoclastic
agent with the potency of estrogen in altering markers of
bone turnover and metabolism. While the results of ongo-
ing studies will continue to expand the knowledge base of
the primary care physician in the management of the poten-
tially devastating personal and public health problem of
postmenopausal osteoporosis, available data serve as a cur-
rent guide to the clinician in developing an optimal thera-
peutic regimen suited to the medical and personal needs of
the patient. As delineated in this review, the range of
increases in BMD induced by salmon calcitonin and ERT
is comparable.

Given the enormous public health consequences of post-
menopausal osteoporosis and osteoporotic fractures, the
primary care physician is faced with the challenge of not
only educating the growing segment of elderly patients
regarding the ubiquitous and inevitable decline in bone
mass, but of actively recruiting appropriate patients for
antiresorptive therapy based on current epidemiologic sta-
tistics. Estrogen replacement therapy is currently consid-
ered the primary antiresorptive therapy for osteoporosis,
yet many patients are unable or unwilling to accept and
initiate prescribed therapy. Significant, documented non-
compliance is also associated with ERT in patients who do
start treatment. Nasal salmon calcitonin should be consid-
ered an appropriate alternative in all such patients since
the efficacy of this agent in increasing BMD is compa-
rable to ERT.

Importantly, the safety profile of salmon calcitonin has
been demonstrated in clinical trials since the early 1970s
when the first injectable formulation was approved for use
in various European countries; the safety of injectable
salmon calcitonin was further established by wider clinical
trials, leading to the 1986 FDA approval for its use in the
United States. The nasal spray formulation of salmon cal-
citonin—more recently approved by the FDA—offers fur-



126 Salmon Calcitonin, Estrogens, and Osteoporosis/Avioli

Endocrine

ther advantages in ease of administration, an uncompli-
cated dosing regimen, and lack of restrictions related to
drug administration with food—all factors that may
increase the likelihood of potentially improved compliance
with long-term therapy. Furthermore, salmon calcitonin
does not induce uterine bleeding and is associated with
little to no gastrointestinal upset. In patients with vertebral
crush fractures, the analgesic action of salmon calcitonin
provides additional pharmacotherapeutic benefit (Pun and
Chan, 1989). Drug interactions, a common concern in eld-
erly patients receiving multiple agents, have not been
reported with salmon calcitonin. It appears justifiable to
conclude, therefore, that salmon calcitonin nasal spray pro-
vides the physician with an appropriate alternative approach
for the treatment of postmenopausal bone loss.
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