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Abstract. In a randomized, double-blind, placebo-
controlled trial, we have studied the effects of intranasal
salmon calcitonin (SCT) on bone mineral density (BMD)
and biochemical markers of bone turnover over a period of
2 years. Our study comprised 117 Caucasian postmeno-
pausal women, otherwise healthy apart from reduced bone
density. They received either intranasal synthetic SCT (200
IU either three times weekly or daily) or placebo. Compared
with placebo, daily intranasal calcitonin resulted in no sig-
nificant bone loss in the lumbar spine, as assessed by dual
photon absorptiometry, over the 2-year study period (P <
0.02). In this group, women more than 5 years postmeno-
pause, with the lowest baseline bone mass, showed the
greatest response to this treatment, with a total increase
placebo in lumbar spine BMD of 3.1%. Significant spinal
bone loss (P < 0.005) occurred in women receiving either
placebo or thrice-weekly calcitonin. Although the rates of
bone loss in the proximal femur were not significantly dif-
ferent in the three groups, there were differences over time.
Whereas bone loss in the daily calcitonin group was insig-
nificant, women who received placebo or thrice-weekly cal-
citonin experienced significant bone loss (P < 0.001). No
significant changes in biochemical markers were observed
in any group. Therapy was well tolerated and there were no
significant treatment-related adverse events. We conclude
that intranasal SCT 200 IU daily is effective and safe for the
prevention of bone loss in postmenopausal women with
reduced bone mass.
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Postmenopausal osteoporosis is the most common meta-
bolic bone disease in the western world and is a cause of
considerable morbidity and mortality. Osteoporosis can be
prevented by various forms of hormone replacement
therapy (HRT) [1-3]. However, there are some women who,
for a variety of reasons, either cannot or do not wish to take
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HRT, and therefore alternative antiresorptive agents are
needed.

Calcitonin has been shown to be effective in the treat-
ment and prevention of postmenopausal osteoporosis [4]
and appears as effective as HRT in arresting postmeno-
pausal bone loss [5]. However, the necessity of intramus-
cular or subcutaneous injection results in reduced patient
compliance [5]. To circumvent this problem, intranasal cal-
citonin sprays have been developed. Early studies have sug-
gested that this route of administration is effective in both
the prevention [6] and treatment [7] of postmenopausal os-
teoporosis. We have now evaluated the effects of an intra-
nasal preparation of salmon calcitonin (SCT) on bone mass
in a group of postmenopausal women studied over 2 years.

Patients and Methods

Patients

One hundred and seventeen Caucasian women between 48 and 64
years of age were recruited. All had ceased menstruating or, in
women who had undergone prior hysterectomy, had experienced
the onset of menopausal symptoms at least 6 months prior to study
entry. Postmenopausal status was always confirmed by measure-
ment of follicle-stimulating hormone (FSH) levels. All patients
had reduced bone mineral density (BMD) (at least 10% less than
the average for a woman 20-30 years of age, T < —1.2) in either the
spine or hip. All were apparently healthy, none had undergone
bilateral oophorectomy, and none had taken HRT in the previous
3 months; none had received estradiol implants during the previous
12 months or had taken any other treatment known to affect bone
metabolism. All gave written informed consent and the study was
approved by the Ethics Committees of the Wynn Division of Meta-
bolic Medicine and of King’s College Hospital.

In this placebo-controlled study, patients randomized to receive
active treatment were provided with 2.0 ml spray bottles contain-
ing synthetic SCT [Miacalcic (calcitonin-salmon) Nasal Spray:
Sandoz Pharmaceuticals, UK] in a carrier solution. Each activation
of the spray delivered 200 TU of synthetic SCT. Patients random-
ized to receive placebo were given identical bottles containing
only the carrier solution.

Patients were randomized to one of four treatment groups:
group 1—200 TU SCT daily; group 2—200 IU SCT thrice weekly
on Monday, Wednesday, and Friday (MWF); group 3—placebo
daily; group 4—placebo thrice weekly (MWF) (Results from
groups 3 and 4 were amalgamated at the end of the study.)

Prior to use, the pump attached to each bottle was primed (six
activations of the pump) until a uniform cloud of solution was



M. C. Ellerington et al.: Intranasal Calcitonin for Osteoporosis

Table 1. Demographic data

Treatment Mean age Mean weight Mean height Mean daily Ca
group (n) years (SD) kg (SD) cm (SD) intake g (SD)
200 IU daily
All patients (36) 55.4(3.9) 63.0(7.0) 161.2 (5.5) 627 (244)
Early (18) 52929 64.0(7.2) 161.9 (5.3) 643 (218)
Late (18) 57.9 (3.0) 61.9(6.9) 160.5 (5.8) 610 (277)
200 IU MWF
All patients (35) 55.9(3.8) 63.2(7.8) 162.1 (6.2) 565 (235)
Early (17) 53529 62.5(8.7) 161.3 (7.4) 636 (224)
Late (18) 58.2(3.1) 63.9 (7.0) 162.9 (5.0) 499 (233)
Placebo
Al] patients (46) 56.1(4.3) 62.1(7.5) 161.0 (5.6) 582 (218)
Early (24) 53.8(3.7) 61.1(8.0) 159.5 (6.0) 615 (227)
Late (22) 58.6 (3.6) 63.1(6.8) 162.7 (4.9) 547 (208)

delivered. Once primed, each bottle provided 14 administrations
without the need for further priming. Prior to every administration,
each patient was required to blow her nose to ensure the nasal
passages were clear, and then insert the pump nozzle deeply into
the chosen nostril and activate the spray once. Study medication
was administered as one activation in one nostril in the morning.

Study Design

At a screening visit, a complete physical examination, including
pelvic and nasal examinations, was performed. Levels of serum
gonadal hormones (estrone and estradiol) and gonadotropins were
also measured. At the baseline visit, blood was taken for complete
hematological and biochemical analyses to exclude patients with
any significant abnormalities. Serum thyroid-stimulating hormone
(TSH), parathyroid hormone (PTH), and 25-hydroxyvitamin D
levels were measured to exclude any women with significant thy-
roid or parathyroid disease and osteomalacia. Fasting serum glu-
cose levels, serum lipid levels, and biochemical tests of liver func-
tion were checked at 12-month intervals during the study.

Biochemical markers of bone metabolism were measured at
6-month intervals. These included serum alkaline phosphatase (to-
tal and bone-specific isoenzyme) and the fasting urinary calcium:
creatinine and hydroxyproline:creatinine ratios. Serum albumin,
calcium (adjusted for albumin levels), and phosphate were also
measured.

BMD of the lumbar spine (L1-L4) and hip (femoral neck,
greater trochanter, and Ward’s triangle) was measured at 6-month
intervals by dual photon absorptiometry (DPA) on a Lunar DP3
(Lunar Corporation, Madison, Wisconsin, USA), using software
version 2.2. This system utilized a '**Gd source which was re-
placed four times during the study period. The precision of these
measurements and effect of source changes were monitored
throughout the study by serial measurements of the BMD of young
healthy normals, phantoms, and cadaveric samples. Values from
vertebrae with structural deformities, significant osteophyte for-
mation, or other osteoarthritic changes were excluded from the
analyses. Likewise, values from any vertebrae that were overlaid
with soft tissue calcifications were also excluded. Where possible,
the average value of L2-L4 was used, but when this was not
possible the same vertebral combination measurement was used
throughout in each individual patient.

Quantitative computed tomography (QCT) measurements of
the lumbar trabecular BMD (L2-1.4) were also performed at yearly
intervals using a Siemens Somatom 2 CT scanner [8]. Lateral
radiographs of the thoracic and lumbar spine (T4-T12, L1-L5)
were obtained at baseline and again 24 months later at the end of
the study. These radiographs were examined both qualitatively and
quantitatively for evidence of fractures. A height reduction thresh-
old of at least 20% was used to determine fracture deformity. From
digitized radiographs, and using specially designed computer soft-

ware [9], measurements of anterior, mid, and posterior vertebral
heights were made to determine fracture occurrence by Kleereko-
per’s method [9], Melton’s method [10], and a height-reduction-
from-baseline method.

Compliance was assessed at every visit by comparing the
amount of unused medication returned with the amount of medi-
cation dispensed at the previous visit. A patient was considered
compliant if she took at least 75% of the prescribed nasal spray in
any 1-year period.

Dietary calcium intake was assessed at baseline and at 12 and
24 months by means of detailed questionnaires completed by each
patient. No patient received any calcium supplement during the
study.

Statistics

Between-group comparisons of efficacy were made with a two-
sample, two-tailed ¢ test using the pooled error term from a one-
way analysis of variance (ANOVA). A P value of 0.025 was taken
as indicating a significant result for between-group comparisons
by applying the Bonferroni criterion for multiple-comparison ad-
justments. Within-group comparisons for changes from baseline
were performed using a one-sample, two-tailed ¢ test. A P value of
0.05 was used to indicate a significant change from baseline.

Results

Demographic data for the 117 women who entered the study
are shown in Table 1. There were no significant baseline
differences in any parameter among the treatment groups.
Dietary calcium intake did not change significantly during
the study (data not shown). To assess the effect of time since
loss of ovarian function on skeletal response to calcitonin,
all patients were subdivided according to menopausal age.

Early postmenopausal: patients whose last menses oc-
curred less than 5 years ago or, for hysterectomized patients,
whose onset of menopausal symptoms was less than 5 years
ago.

Late postmenopausal: patients whose last menses oc-
curred more than 5 years ago or, for hysterectomized pa-
tients, whose onset of menopausal symptoms was more than
5 years ago.

Hysterectomized women who had no reported meno-
pausal symptoms, or women in whom menses data were
missing, were classified by their age: those under age 55
were classified as early postmenopausal and those over age
55 were classified as late postmenopausal. The mean time
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Table 2. Patients discontinuing trial, with reasons

No. of

Reason patients

Adverse reaction
Rhinitis 2
Taste perversion 1
Epistaxis 1

Illness unrelated to study medication
Breast cancer
Back pain
Pneumonia
Primary hyperparathyroidism

Protocol violation
Use of corticosteroids to treat unrelated illness
Hormone replacement
High bone density

Nonmedical reasons
Treatment ineffective

Total 20

S R SR

since menopause in the early postmenopausal group was
35.0 months (range 5-60) and in the late postmenopausal
group 93.4 months (range 61-122). There was no signifi-
cant difference in age at menopause in any of the three
treatment groups of the two population subgroups.

Twenty patients withdrew voluntarily or were excluded
by the investigators, leaving 97 who were compliant with
the study medication and completed the 2-year study. Rea-
sons for withdrawal are given in Table 2. Results presented
below are for these 97 patients who are considered valid
completers.

Lumbar Spine BMD

DPA Results (Table 3). The long-term, in vivo precision for
lumbar spine BMD during the study was 1.25%. The system
response to replacement of the '*>Gd source was predictable
and well within specifications. At baseline, there were no
significant differences in BMD among the three treatment
groups. Results were analyzed by treatment group for all
women, and a separate analysis was conducted for the early
and late postmenopausal women. For all women, significant
bone loss occurred by 12 months in those receiving placebo
or thrice-weekly calcitonin [-1.5% (P < 0.005) and —-1.8%
(P < 0.005), respectively]. This loss continued to the end of
the study [-2.4% (P < 0.001] and ~2.1% (P < 0.005), re-
spectively]. However, daily intranasal calcitonin therapy re-
sulted in no significant bone loss over the 2-year study
period (Fig. 1).

Overall, the late postmenopausal subgroup had a slightly
lower bone density than the early subgroup at baseline but
showed the greatest response to active daily treatment, with
an increase in bone density of 1.4% over 2 years. This
change was 3.1% greater than in the placebo group by the
end of the study. This difference first became apparent after
6 months and increased throughout the study.

In contrast, in the early postmenopausal patients, bone
loss continued in all treatment groups. Between-group com-
parisons for these women showed no significant differences
in the rates of bone loss among any of the three treatment
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groups, although the trend of the daily calcitonin group
showing the best response persisted.

QCT Results (Table 4). The precision for this measurement
was 2.2% [8]. Mean percentage changes from baseline were
negative in all subgroups regardless of treatment after 2
years, but again the trend of the daily calcitonin group
showing the best effect persisted, although between-group
comparisons showed no significant differences.

Proximal Femur BMD

Femoral Neck (Table 5). The long-term in vivo precision of
measurement at the femoral neck during the study was
1.9%. BMD fell significantly from baseline in all women
receiving placebo (=2.2%, P < 0.001). In the late postmeno-
pausal subgroup there was no significant change in BMD
over the 2 years in those who took daily calcitonin. In the
early postmenopausal subgroup, rates of bone loss in those
who received placebo and those receiving daily calcitonin
were similar (-2.6% and -2.0%, respectively; P < 0.05).
There was a small, nonsignificant bone loss in those who
received thrice-weekly calcitonin.

Trochanter (Table 6). Changes in BMD at the trochanter
mirrored the results in the lumbar spine, probably because
the trochanter is composed largely of trabecular bone. Thus,
BMD tended to fall in all early postmenopausal patients but
increased in the late postmenopausal patients treated with
either calcitonin regimen. BMD fell significantly in the pla-
cebo group.

Ward’s Triangle (Table 7). The overall trend at the Ward’s
triangle was for BMD to fall in all patients, irrespective of
subgroup or treatment group. The fall in BMD (-4.3% by
24 months) was statistically significant (P < 0.01) in all
those who received placebo and in the early postmenopausal
subgroup who received thrice-weekly calcitonin (-4.6%
and —-5.0% at 12 and 24 months, respectively; P < 0.05).

Biochemical Markers of Bone Turnover

Results of measurement of biochemical markers of bone
turnover were variable over the 2-year study period in all
groups. No significant changes, compared with placebo,
were observed (data not shown).

Vertebral Deformities

Too few events occurred in any group during the study to
permit analyses of fracture rate (data not shown).

Safety and Acceptability

During the study, patients experienced a variety of minor
adverse events and demonstrated sporadic laboratory abnor-
malities. However, their distribution throughout the study
population was random and none could be related to the
study medication.

Thirty-four percent of patients receiving calcitonin and
249% of those receiving placebo complained of minor local
nasal or respiratory disorders. Rhinitis was more common in
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Table 3. Changes in lumbar vertebral DPA BMD#*

Treatment
group 0 mos. 6 mos. 12 mos. 18 mos. 24 mos.
All patients
200 1U daily 1.13£0.13 0.3 0.2* -0.4 -0.4*
200 IU MWF 1.11+0.10 -0.9 -1.8 -1.2 -2.1°
Placebo 1.09 +0.14 -0.7 -15 -15 -2.4¢
Late postmenopause
200 IU daily 1.10+£0.12 1.2% 1.0* 1.1 1.4°
200 IU MWF 1.09 £0.10 -0.4 -1.0 —0.5 -1.1
Placebo 1.11 £0.11 -1.2 -1.2 -1.1 -1.7°
Early postmenopause
200 TU daily 1.17£0.13 -0.6 -0.6 -1.7 -2.6
200 IU MWF 1.13+0.11 -1.5 -2.5 -2.0 -3.2¢
Placebo 1.08 £0.17 —0.3 -1.8 -1.9 -3.1¢

* Baseline mean = SD g/cm” and mean % change
2P <0.025,® P < 0.01 between-group comparison
¢P<0.01, 4P =0.001 within-group comparison

VERTEBRAL BMD
1
* *
0 SCT 200
iu daily
(n=29)
% 1
change
SCT 200
iu MAW/F
-2 (n=29)
PLACEBO
-3 (n=39)
0 6 12 18 24  (months)

Fig. 1. Percentage change in vertebral BMD in all patients treated
with either intranasal salmon calcitonin (SCT) 200 IU daily, SCT
200 IU thrice weekly (MWF), or placebo. Vertical bars represent
SEM (*P = 0.02).

the calcitonin-treated patients (23%) than in those given
placebo (7%). No nasal ulcers were reported in any patient.

There was an 11% dropout rate in women who received
calcitonin compared with 13% in those who received pla-
cebo. Overall acceptability at the end of the study was ex-
cellent, with greater than 89% of all patients describing
calcitonin therapy as either good or very good.

Discussion

Our data from this study indicate that daily calcitonin ad-
ministered intranasally is effective in preventing postmeno-
pausal bone loss, and hence osteoporosis, in the spine al-
though this effect was largely confined to those women
more than 5 years postmenopause.

Although mean vertebral bone mass (as measured by
DPA) was conserved in the group who received daily cal-
citonin and who completed the study, those who were 5 or
more years postmenopausal showed the best response, with
a small increase in BMD. Furthermore, a positive response

Table 4. Changes in Jlumbar vertebral QCT BMD*

Treatment
group 0 mos. 12 mos. 24 mos.
All patients
200 U daily 102.5+20.3 -1.0 -4.7°
200 IU MWF 101.7 £20.6 -2.7? -5.4°
Placebo 101.0+£25.5 -2.7* -6.3°
Late postmenopause
200 IU daily 944+ 15.0 -0.1 -2.7
200 IU MWF 97.1+21.1 -2.0 —4.4*
Placebo 96.4 + 18.2 -1.4 —4.1%
Early postmenopause
200 IU daily 113.8 £22.0 -2.2 -7.1°
200 IU MWF 1073195  -35° -6.5"
Placebo 107.3+32.8  -45° -9.2°

* Baseline mean + SD mg/cm® and mean % change
# P < 0.05 within-group comparison
> P =< 0.01 within-group comparison

was detected as early as 6 months after the start of therapy
which continued for up to 24 months. Whether bone mass
would continue to increase with further duration of therapy
is unknown.

The BMD results obtained in the spine by QCT and in
the proximal femur by DPA confirmed the trend shown in
the spine by DPA, but did not achieve statistical signifi-
cance. This may have been due to greater variability in the
measurements.

The results of measuring the biochemical indices of bone
turnover were highly variable and of little value. This vari-
ability may be because the specificity, precision, and accu-
racy of the measurements are poor [11], and perhaps be-
cause the biological variability of such parameters is high.

Several other studies support our findings. Overgaard et
al. [7] reported conservation of bone mineral content in the
forearm and lumbar spine of women with established post-
menopausal osteoporosis using 200 IU intranasal SCT
daily. In contrast with our study, they also showed highly
significant biochemical changes indicating decreased bone
turnover in their study population. Reginster et al. [12]
showed that 200 TU of intranasal SCT produced a similar



10

Table 5. Changes in femoral neck BMD#*
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Table 7. Changes in Ward’s Triangle BMD*

Treatment group 0 mos. 12 mos. 24 mos. Treatment group 0 mos. 12 mos. 24 mos.
All patients All patients
200 IU daily 0.86 + 0.10 -0.7 -1.5 200 IU daily 0.76 £0.12 -0.8 -2.2°
200 IU MWF 0.82 £ 0.08 -1.1 -1.5 200 IU MWF 0.69 = 0.08 -1.6 -3.0¢
Placebo 0.82 £0.09 -0.9 -2.2° Placebo 0.69 +£0.12 -2.4° -4.3°
Late postmenopause Late postmenopause
200 IU daily 0.84 +0.08 0.1 0.1 200 IU daily 0.74+0.11 -0.6 -22
200 TU MWF 0.81 +0.07 -0.0 -2.2% 200 IU MWF 0.68 £0.08 1.0 -13
Placebo 0.83+£0.09 -04 -1.8* Placebo 0.69+0.12 -1.7 -3.1°
Early postmenopause Early postmenopause
200 IU daily 0.88£0.12 -1.4 -2.0 200 U daily 0.77 +0.13 -1.0 -2.3
200 IU MWF 0.83 £0.08 -2.4 -0.8 200 TU MWF 0.71 £ 0.07 ~4.6° -5.0°
Placebo 0.81+0.10 -1.4° -2.6° Placebo 0.70+0.13 -3.1° -5.5°
* Baseline mean + SD g/cm” and mean % change * Baseline mean = SD g/cm? and mean % change
* P <0.05 within-group comparison * P < 0.05 within-group comparison
® P < 0.01 within-group comparison " P = 0.01 within-group comparison
. H ~ : *
Table 6 Changes in trochanteric BMD therapies include bisphosphonates. Studies have shown that
Treatment group 0 mos. 12 mos. 24 mos. various bisphosphonates may be useful in both the preven-
- tion and treatment of osteoporosis [16-18]. Bisphospho-
All patients nates have the advantage of being active when administered
200 IU daily 0.73+0.10 0.4 -1.9 orally. However, they have a very long skeletal half-life and
200 TU MWF 0.73+0.08 038 -0.2 their long-term side effects remain unknown. Furthermore,
Placebo 072+0.10  -L7* -2.8° etidronate has been shown to produce focal osteomalacia in
Late postmenopause some patients with Paget’s disease even when given at very
200 TU daily 0.71+0.10 2.5 0.7 low doses [19]. In contrast, the long-term safety of calcito-
200 IU MWF 0.72 +0.09 2.6 1.0° nin is well established.
Placebo 0.72 £0.10 -1.1 -2.4%
Early postmenopause
200 IU daily 0.74 £ 0.10 -1.7 -4.2¢ .
200 IU MWF 074+0.07  -13 -1.7 Conclusions
Placebo 0.71 £0.11 -2.3% -3.2¢

# Baseline mean + SD g/cm? and mean % change
“ P <0.05 within-group comparison

hypocalcemic response to 80 IU administered intramuscu-
larly. Rizzato et al. [13] showed that 200 IU daily via a nasal
spray could also protect against glucocorticoid-induced os-
teoporosis. One recent study of intranasal calcitonin admin-
istration in women with postmenopausal osteoporosis dem-
onstrated a significant reduction in new vertebral fractures
compared with results in women receiving placebo over a
2-year period [14]. Although this result is encouraging, sug-
gesting that maintenance of bone density by calcitonin
translates into prevention of fracture, it should be noted that
the number of fracture events in this study was very low.
Longer studies of larger numbers of patients are needed to
confirm these findings.

We were unable to demonstrate significant prevention of
bone loss in the proximal femur by calcitonin compared
with placebo. However, no significant loss from baseline
was found with daily calcitonin treatment, and it may be that
a greater number of patients or a longer study period is
required to demonstrate a significant effect. It is encourag-
ing to note that calcitonin has been shown to reduce the
incidence of hip fractures in elderly women [15], suggesting
that this apparent effect of calcitonin on femoral neck bone
density is real.

HRT remains the first-line therapy for the prevention and
treatment of osteoporosis. Other potential antiresorptive

Calcitonin is a therapeutic option and this study has clearly
demonstrated that intranasal SCT, 200 IU daily, prevents
postmenopausal bone loss and hence osteoporosis, particu-
larly in women beyond 5 years postmenopause. Less-
frequent doses appear ineffective. Acceptability of the nasal
spray appears to be excellent, with none of the side effects
associated with either subcutaneous or intramuscular injec-
tion of calcitonin. Thus, intranasal calcitonin should prove a
major addition to the armamentarium for the prevention and
treatment of osteoporosis. Intranasal calcitonin could be
particularly appropriate for use in women with established
osteoporosis who do not wish to take HRT and in whom
there are no other indications to take estrogens, such as the
persistence of menopausal symptoms or increased risk of
arterial disease. Older women in their late 60s and beyond
are often reluctant to take therapy that may result in uterine
bleeding; alternative therapies such as calcitonin may be of
particular value in such patients.
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