CLINICAL STUDIES

A Randomized Trial of Nasal Spray Salmon
Calcitonin in Postmenopausal Women with
Established Osteoporosis: the Prevent Recurrence
of Osteoporotic Fractures Study
Charles H. Chesnut, III, MD, Stuart Silverman, MD, Kim Andriano, PhD, Harry Genant, MD,
Alberto Gimona, MD, Steven Harris, MD, Douglas Kiel, MD, Meryl LeBoff, MD,
Michael Maricic, MD, Paul Miller, MD, Caje Moniz, MD, Munro Peacock, MD,
Peter Richardson, MRCP, Nelson Watts, MD, David Baylink, MD, for the PROOF Study Group
PURPOSE: We conducted a 5-year, double-blind, randomized, placebo-controlled study to determine whether salmon
calcitonin nasal spray reduced the risk of new vertebral fractures
in postmenopausal women with osteoporosis.
SUBJECTS AND METHODS: A total of 1,255 postmenopausal women with established osteoporosis were randomly assigned to receive salmon calcitonin nasal spray (100, 200, or 400
IU) or placebo daily. All participants received elemental calcium (1,000 mg) and vitamin D (400 IU) daily. Vertebral fractures were assessed with lateral radiographs of the spine. The
primary efficacy endpoint was the risk of new vertebral fractures
in the salmon calcitonin nasal spray 200-IU group compared
with the placebo group.
RESULTS: During 5 years, 1,108 participants had at least one
follow-up radiograph. A total of 783 women completed 3 years
of treatment, and 511 completed 5 years. The 200-IU dose of
salmon calcitonin nasal spray significantly reduced the risk of
new vertebral fractures by 33% compared with placebo [200 IU:

51 of 287, placebo: 70 of 270, relative risk (RR) ⫽ 0.67, 95%
confidence interval (CI): 0.47– to 0.97, P ⫽ 0.03]. In the 817
women with one to five prevalent vertebral fractures at enrollment, the risk was reduced by 36% (RR ⫽ 0.64, 95% CI: 0.43– to
0.96, P ⫽ 0.03). The reductions in vertebral fractures in the
100-IU (RR ⫽ 0.85, 95% CI: 0.60 – to 1.21) and the 400-IU
(RR ⫽ 0.84, 95% CI: 0.59 – to 1.18) groups were not significantly different from placebo. Lumbar spine bone mineral density increased significantly from baseline (1% to 1.5%, P ⬍0.01)
in all active treatment groups. Bone turnover was inhibited, as
shown by suppression of serum type-I collagen cross-linked telopeptide (C-telopeptide) by 12% in the 200-IU group (P
⬍0.01) and by 14% in the 400-IU group (P ⬍0.01) as compared
with placebo.
CONCLUSION: Salmon calcitonin nasal spray at a dose of 200
IU daily significantly reduces the risk of new vertebral fractures
in postmenopausal women with osteoporosis. Am J Med.
2000;109:267–276. 䉷2000 by Excerpta Medica, Inc.
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Thus, treatment with calcitonin may be beneficial in diseases associated with increased bone resorption, such as
postmenopausal osteoporosis (6). Several studies (7–21)
have suggested that salmon calcitonin, administered as
an injection or a nasal spray, is safe and can stabilize or
increase bone mineral density. However, although bone
appears to be of normal quality after salmon calcitonin
treatment—in terms of mechanical performance, material density, and patterns of collagen birefringence (22–
26)—the efficacy of salmon calcitonin in reducing fractures remains to be determined in a large randomized,
controlled trial. Previous studies indicating fracture reduction at the spine and hip have been retrospective (27)
or, if prospective, involved small numbers of participants
(13–15,17–20). Therefore, we conducted a 5-year, multicenter clinical trial [the Prevent Recurrence of Osteoporotic Fractures (PROOF) study] to determine the longterm efficacy and safety of salmon calcitonin nasal spray
in the prevention of vertebral fractures in postmenopausal women with osteoporosis.

alcitonin, a physiologic endogenous inhibitor of
bone resorption, decreases osteoclast formation
(1,2), osteoclast attachment (2,3), and bone resorption in organ culture and animal models (1,4,5).
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MATERIAL AND METHODS

Analytical Procedures

This double-blind, placebo-controlled trial was conducted in 42 centers in the United States and five centers
in the United Kingdom. A total of 1,255 women were
enrolled between February 1991 and July 1993.

Lateral thoracic and lumbar radiographs were evaluated
qualitatively at each study center before enrollment, and
1,255 women were enrolled based on the initial radiograph report at the study site. Subsequently, all baseline
and follow-up lateral thoracic and lumbar radiographs
were analyzed at the University of California, San Francisco, using a combined quantitative and semiquantitative method (28,29). Based on this review, 269 women
who were initially determined by the study site principal
investigator to meet the criteria of one to five vertebral
fractures were found to have only a mild compression
fracture that did not meet the enrollment criteria. An
additional 65 women were found to have more than five
vertebral fractures. However, all enrolled participants
were allowed to continue in the study. Prevalent fractures
were defined as a 3 or greater SD reduction in any height
ratio (vs normative data) by quantitative morphometry
and a fracture grade 1 or greater (where grade 0 is “no
fracture” and grade 3 is “severe fracture”) using a semiquantitative evaluation. Two independent radiologists
made the evaluation, with adjudication by a third radiologist in the event of discrepant quantitative and semiquantitative results. Incident fractures were defined as a
20% or greater and greater than 4-mm decrease in any
vertebral height (vs previous radiograph) by quantitative
morphometry, as well as a change in the fracture grade
from 0 to 1 or greater by semiquantitative evaluation,
with adjudication in discrepant cases as outlined above
(28,29). Nonvertebral fractures were recorded and verified by hospital records. Participants were not withdrawn
from the study when they had a fracture.
Bone mineral density at the lumbar spine and hip
(femoral neck, greater trochanter, and Ward’s triangle)
was evaluated by dual x-ray absorptiometry (DXA) using
Hologic (QDR 1000, 1500, 2000; Waltham, Massachusetts), Lunar (DPXL-DPXIQ; Madison, Wisconsin), or
Norland (XR26-XR36; White Plains, New York) densitometers. Lumbar vertebras with prevalent or incident fractures at L1 to L4 were not included in the bone mineral
density measurements. A quality-control procedure to
enable pooling of the data from the different centers and
densitometers (including scanning of a phantom by all
centers) was conducted at the University of California,
San Francisco (30,31). The longitudinal in vitro precision
error for lumbar spine bone mineral density measurements ranged from 0.3% to 2.0% over 5 years. Investigators were not blinded to the bone mineral density measurements.
Serum samples for C-telopeptide, bone-specific alkaline phosphatase, and osteocalcin levels were obtained
primarily in the morning hours and assessed centrally at
the Jerry L. Pettis Veterans Affairs (VA) Medical Center
(Loma Linda, California). Samples were frozen at ⫺70⬚ C

Study Participants
White, Asian, or Hispanic women were eligible to participate if they were postmenopausal for at least 1 year and
had one to five prevalent thoracic or lumbar vertebral
compression fractures as evaluated at the study center,
lumbar spine bone mineral density at least 2 SD below
normal for normal women age 30 years, and no history of
hip fracture. Women with a history of diseases, conditions, or chronic usage of medications (eg, corticosteroids) that could affect bone metabolism or bone mass
measurements were excluded, as were those who had
been treated with calcitonin, estrogens, or fluorides
within 3 months of study entry, continuous bisphosphonates for at least 3 months within 24 months, or cyclical
bisphosphonates within 18 months. The study was performed in accordance with the US Code of Federal Regulations dealing with clinical studies and the Declaration
of Helsinki concerning medical research in humans.
Women provided informed consent before any studyspecific procedure was performed. Institutional Review
Boards/Ethics Committees approved the protocol at each
center.

Treatment Protocols/Follow-up Studies
Participants were assigned to receive salmon calcitonin
nasal spray at a dose of 100, 200, or 400 IU (Miacalcin
Nasal Spray; Novartis Pharmaceuticals, East Hanover,
New Jersey) or placebo nasal spray, using a computergenerated randomization list. The randomization code
was stratified by center using a permuted block design
with a block size of eight. The nasal spray containers
looked identical and had similar labels. All participants
received two 500-mg OS-CAL tablets (1,000 mg oral calcium) and one Centrum tablet daily (400 IU vitamin D)
to ensure a minimum daily intake of 1,500 mg of calcium
and adequate vitamin D daily intake. Evaluations were
performed at months 1, 3, 6, 9, 12, and every 6 months
thereafter up to month 60 or in case of participant discontinuation. Adherence was estimated by counting used
and unused bottles of study medication. Spinal radiographs; lumbar spine and hip bone mineral density; serum type-I collagen cross-linked C-telopeptide, bonespecific alkaline phosphatase, and osteocalcin levels; urinary type-1 collagen cross-linked N-telopeptide levels;
and calcitonin binding antibodies were assessed every
year. Participants were monitored closely for medication
safety and tolerability throughout the study.
268
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after collection. Bone-specific alkaline phosphatase was
assessed by the method of Farley et al (32) using a heatinactivation assay with an interassay variation of 6.3%.
Osteocalcin was assessed with the n-terminus, mid-molecule assay (33,34); the interassay variation was 7.7%. For
C-telopeptide (CrossLaps; Osteometer Biotech, Herlev,
Denmark), samples were batch-assayed at the end of the
study to ensure that samples from any given participant
were assayed together to minimize interassay variation.
The analytical interassay precision was ⫾ 8.1%.
The urinary N-telopeptide/creatinine ratio was also assessed centrally at the Jerry L. Pettis VA Medical Center.
Urine samples were frozen at ⫺20⬚ C. The urinary Ntelopeptide samples were analyzed in multiple batches,
and it was discovered that there was a decrease in recovery
of urinary creatinine over time, perhaps resulting from
the relatively high storage temperature; thus, the N-telopeptide results are not reported.
Salmon calcitonin antibody titers were determined
centrally by radioimmunoassay (35) at the Cedars-Sinai
Medical Center in California.

Statistical Analyses
The primary analysis for the incident vertebral fracture
endpoint was an intention-to-treat analysis among all
participants with at least one follow-up radiograph. Secondary analyses were performed among participants with
one to five prevalent vertebral fractures at enrollment (as
per protocol) and among those who received the study
drug for at least 3 years or who had a fracture during the
first 3 years of treatment (3-year valid completer analysis). The 3-year duration is the minimum length required
by regulatory guidelines to demonstrate a therapeutic effect on vertebral fractures. The original study design was
intended to compare the risk of new vertebral fractures
between the placebo group and each of the active treatment groups. After the approval of salmon calcitonin nasal spray 200 IU in the United States for the treatment of
osteoporosis, and the issuing of the new Food and Drug
Administration (FDA) guidelines, the protocol was
amended in 1996, such that the primary statistical assessment was changed to be the pairwise comparison of 200
IU versus placebo using statistical life-table methods. The
study had a power of 80% to show a 50% reduction in the
risk of new vertebral fractures, on the assumption that
20% of participants would have a fracture in the placebo
group compared with 10% in the salmon calcitonin nasal
spray 200-IU group. The study was not designed to have
power to discriminate between doses. All reported P values are two –sided, and treatment contrasts are presented
with their 95% confidence intervals (CI).
Descriptive statistics, one-way analysis of variance
(ANOVA), F tests, and chi-squared tests were used to
compare the treatment groups at baseline. Time to first
new fracture or time to fracture after administration of

study drug was analyzed primarily by life-table methods
using the proportional hazards model with treatment as a
variable (36). Relative risks were estimated as hazard ratios. Kaplan-Meier estimates and plots provided descriptive measures of fracture rates. Data about multiple new
fractures were analyzed using the Wilcoxon rank sum test
(chi-squared approximation). The effects of treatment of
the risk of developing two or more new vertebral fractures were estimated as odds ratios from logistic regression models. Life-table methods using proportional hazards models were also used for nonvertebral fractures.
For bone mineral density and markers of bone metabolism among women who withdrew from the trial prematurely, the last value was carried forward to subsequent visits. Descriptive statistics were calculated on percent change from baseline for bone mineral density and
serum C-telopeptide and osteocalcin levels at each evaluable time point. Descriptive statistics for bone-specific
alkaline phosphatase levels were calculated as change
from baseline. Women who developed calcitonin antibodies above 1,000 at any time were tabulated.
ANOVA or chi-square tests were used to compare
groups. Serum C-telopeptide levels were skewed, and
nonparametric statistics were used to compare groups.
The overall effect on serum C-telopeptide levels (baseline
to year 5) was evaluated by comparing least square means
of different groups by the Proc Mixed output procedure
(37) (from the Statistical Analysis System, Cary, North
Carolina), which provides a descriptive measure of treatment effect compared with placebo during the entire
study period by using the observed correlations structures within the participants’ longitudinal data (also
known as “repeated measures” data).

RESULTS
More than 3,500 women were screened for study participation, of whom 1,255 were randomly assigned to either
placebo (n ⫽ 311), salmon calcitonin nasal spray 100 IU
(n ⫽ 316), 200 IU (n ⫽ 316), or 400 IU (n ⫽ 312) (Table
1). After adjudication of baseline spine radiographs, 910
women had one to five prevalent vertebral fractures (as
specified by the protocol), 269 had no vertebral fractures,
and 65 had more than five fractures. Spinal radiographs
could not be evaluated in 11 women, who were excluded
from all analyses.
Baseline characteristics of the participants, including
age, years since menopause, body mass index, number of
prevalent fractures, lumbar spine bone mineral density,
calcium intake, smoking history, and serum C-telopeptide levels, were similar among the groups (Table 2).
More than 90% of women were more than 75% adherent
to treatment during the time they were in the trial. Fiftynine percent of the participants (744 of the 1,255 who
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Table 1. Participation and Reasons for Withdrawal, by Randomization Group
Treatment Group
Nasal Spray Salmon Calcitonin
Placebo
(n ⫽ 311)

100 IU
(n ⫽ 316)

200 IU
(n ⫽ 316)

400 IU
(n ⫽ 312)

190
128
183
21
56

189
124
192
21
50

204
132
184
19
51

200
127
185
31
57

23
10
25
48

16
11
25
71

23
14
15
62

14
12
17
54

Completed 3 years
Completed study
Withdrawals
Drug-related adverse effect
Adverse effect or illness not
related to study drug
Lack of cooperation
Protocol violation
Ineffective study drug
Other*

*Other reasons for discontinuation include lost to follow-up, consent withdrawn, and switched to another
therapy. No statistically significant differences were observed for any reason for discontinuation between any of
the treatment groups and placebo.

were enrolled) withdrew from the study prematurely.
Rates of discontinuation were similar in all of the dosage
groups (Table 1); for example, 4.4% of participants in the
salmon calcitonin nasal spray groups and 3.3% of participants in the placebo group discontinued because of nasal
events. To determine whether the relatively high rate of
early discontinuation led to selection bias, the baseline
characteristics of the participants still at risk of a first new
vertebral fracture (at years 3 and 4) were compared

among groups; no statistically significant differences
were observed. To determine if nonresponders had discontinued selectively in any treatment group, response to
treatment (as lumbar spine bone mineral density and serum C-telopeptide levels) was compared among groups
in participants who discontinued before years 3 and 4 and
who were still at risk of first new vertebral fracture. Although there were no significant differences in suppression of serum C-telopeptide levels, participants who dis-

Table 2. Baseline Demographic Characteristics of Enrolled Women
Treatment Group
Nasal Spray Salmon Calcitonin
Placebo
(n ⫽ 311)

100 IU
(n ⫽ 316)

200 IU
(n ⫽ 316)

400 IU
(n ⫽ 312)

Number (Percent) or Mean ⫾ SD
Age (years)
⬍65
65–74
ⱖ75
Age (years)
Years since menopause
Body mass index (kg/m2)
Vertebral fractures at baseline*
0
1–5
⬎5
Lumbar spine bone mineral density
(g/cm2)
Calcium intake (mg/day)†
Current smokers
Serum C-telopeptide (pM)

99 (32)
148 (48)
64 (21)
68.2 ⫾ 7.7
22.0 ⫾ 9.4
24.7 ⫾ 3.9

100 (32)
149 (47)
67 (21)
68.2 ⫾ 7.8
22.2 ⫾ 9.2
24.7 ⫾ 3.8

84 (27)
153 (48)
79 (25)
69.0 ⫾ 8.1
23.0 ⫾ 10.0
25.0 ⫾ 3.7

95 (30)
166 (53)
51 (16)
67.9 ⫾ 6.9
21.9 ⫾ 8.4
24.9 ⫾ 3.6

64 (21)
232 (75)
13 (4)
0.85 ⫾ 0.12

79 (25)
223 (71)
10 (3)
0.84 ⫾ 0.11

67 (21)
224 (71)
21 (7)
0.85 ⫾ 0.11

59 (19)
231 (74)
21 (7)
0.84 ⫾ 0.12

979 ⫾ 592
47 (15)
2,393 ⫾ 1,456

907 ⫾ 563
51 (16)
2,647 ⫾ 2,971

911 ⫾ 452
44 (14)
2,555 ⫾ 1,736

874 ⫾ 480
37 (12)
2,608 ⫾ 2,367

* Eleven participants had no evaluable spinal radiograph data.
†
Data were collected through a calcium-intake questionnaire for 177 (placebo), 187 (100 IU), 207 (200 IU), and 203 (400 IU) participants.
270

September 2000

THE AMERICAN JOURNAL OF MEDICINE威

Volume 109

Salmon Calcitonin in Osteoporosis/Chestnut et al

Table 3. Summary of Vertebral Fracture Analyses for Entire Study Cohort, for Subgroup with One to Five Prevalent Vertebral
Fractures, and for 3-Year Completers
Treatment Groups
Nasal Spray Salmon Calcitonin

Entire study cohort
Participants with ⱖ1 new
vertebral fractures [n (%)]
Relative risk (95% CI)
Participants with ⱖ2 new
vertebral fractures (n [%])
Odds ratio (95% CI)
New vertebral fractures/1,000
participant radiograph years
Participants with 1–5 prevalent
fractures
Participants with ⱖ1 new
vertebral fractures [n (%)]
Relative risk (95% CI)
Participants with ⱖ2 new
vertebral fractures [n (%)]
Odds ratio (95% CI)
Three-year completers
Participants with ⱖ1 new
vertebral fractures [n (%)]
Relative risk (95% CI)

Placebo

100 IU

200 IU

400 IU

n ⫽ 270
70 (26)

n ⫽ 273
59 (22)

n ⫽ 287
51 (18)

n ⫽ 278
61 (22)

33 (12)

0.85 (0.60–1.21)
34 (13)

0.67 (0.47–0.97)*
24 (8)

0.84 (0.59–1.18)
30 (11)

131

1.02 (0.64–1.88)
129

0.65 (0.38–1.14)
78*

0.87 (0.41–1.30)
111

n ⫽ 203

n ⫽ 201

n ⫽ 207

n ⫽ 206

60 (30)

52 (26)

40 (19)

48 (23)

30 (15)

0.94 (0.65–1.36)
32 (16)

0.64 (0.43–0.96)*
18 (9)

0.78 (0.53–1.14)
23 (11)

n ⫽ 162
59 (36)

1.09 (0.64–1.88)
n ⫽ 152
49 (32)

0.55 (0.30–1.02)
n ⫽ 157
40 (26)

0.73 (0.41–1.30)
n ⫽ 155
42 (27)

0.91 (0.62–1.33)

0.66 (0.44–0.99)*

0.71 (0.48–1.05)

*200-IU versus placebo P ⬍0.05.
CI ⫽ confidence interval.

continued prematurely in the placebo group had a significantly higher percentage decrease in lumbar spine bone
mineral density compared with those who discontinued
in the active-treatment groups.

Vertebral Fractures
Follow-up radiographs were obtained for 1,108 of the
participants (270 in the placebo group, 273 in the 100-IU
group, 287 in the 200-IU group, and 278 in the 400-IU
group). There was a 33% reduction in the relative risk of

Figure 1. Cumulative percentage of participants with at least
one new fracture per year. Number of participants with follow-up radiographs (placebo ⫽ 270, 100 IU ⫽ 273, 200 IU ⫽
287, 400 IU ⫽ 278). The asterisk indicates P ⬍0.05 versus placebo.

developing a new vertebral fracture in the salmon calcitonin nasal spray 200-IU group compared with placebo
(RR ⫽ 0.67, 95% CI: 0.47 to – 0.97, P ⫽ 0.03; Table 3 and
Figure 1). The number of women with multiple new vertebral fractures (2 or more new vertebral fractures) was
reduced by 35% (P ⫽ 0.13), and the number of new vertebral fractures per 1,000 participant radiograph years
was reduced by 40% (P ⫽ 0.02) in the 200-IU group
compared with the placebo group. Among women with
one to five prevalent vertebral fractures at baseline, there
was a 36% (RR ⫽ 0.64, 95% CI: 0.43– to 0.96, P ⫽ 0.03)
reduction in the risk of developing a new vertebral fracture and a 45% (P ⫽ 0.06) reduction in the number with
more than one new vertebral fracture (Table 3).
An analysis among participants who received the study
drug for at least 3 years or who had a fracture during the
first 3 years of treatment was performed to determine
whether the high discontinuation rate had influenced the
response to treatment. The results for the salmon calcitonin nasal spray 200-IU group were statistically and clinically significant and were similar to those observed in the
main analysis (Table 3). In this “post hoc” analysis, based
on the Kaplan-Meier survival curve, 11 women needed to
be treated for 3 years with 200 IU salmon calcitonin nasal
spray to prevent one vertebral fracture.
There were no significant differences in any of these
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Table 4. Summary of Nonvertebral Fracture Analyses
Treatment Group
Nasal Spray Salmon Calcitonin

Number of participants at risk
All nonvertebral fractures
Participants [n (%)]
Relative risk (95% CI)
Hip or femoral fractures
Participants [n (%)]
Relative risk (95% CI)
Arm fractures†
Participants [n (%)]
Relative risk (95% CI)

Placebo

100 IU

200 IU

400 IU

(n ⫽ 305)

(n ⫽ 313)

(n ⫽ 315)

(n ⫽ 312)

48 (16)
—

32 (10)
0.64 (0.41–0.99)*

46 (15)
0.88 (0.59–1.32)

41 (13)
0.81 (0.53–1.23)

9 (3)
—

1 (0.3)
0.1 (0.01–0.9)*

5 (2)
0.5 (0.2–1.6)

7 (2)
0.8 (0.3–2.0)

16 (5)
—

6 (2)
0.4 (0.1–0.9)*

13 (4)
0.75 (0.36–1.56)

14 (5)
0.84 (0.41–1.72)

*P ⬍0.05 versus placebo.
†
Fractures of the humerus, radius, ulna, or wrist.
CI ⫽ confidence interval.

outcomes when the 100-IU and 400-IU treatment groups
were compared with the placebo group.

Nonvertebral Fractures
A total of 167 women had a nonvertebral fracture during
the study (Table 4). Compared with placebo, the percentages of participants with nonvertebral fractures were significantly lower in the salmon calcitonin nasal spray
100-IU group (P ⬍0.05), but not in the 200-IU or 400-IU
groups.
The small number of hip and femoral fractures precluded a meaningful statistical analysis. There was a nonsignificant reduction in the risk of hip fracture in the
200-IU group (RR ⫽ 0.5, 95% CI: 0.2– to 1.6). There was
a significant reduction in hip fractures in the 100-IU
group (RR ⫽ 0.1, 95% CI: 0.01– to 0.9, P ⫽ 0.04), but not
in the 400-IU group.
The number of fractures of the arm (humerus, radius,
ulna, wrist) was also small (Table 4). There was a significant 64% reduction in the risk of fractures of the arm in
participants receiving 100 IU salmon calcitonin nasal
spray (RR ⫽ 0.36, 95% CI: 0.1– to 0.9, P ⫽ 0.03), but the
reductions in risk in the 200-IU and 400-IU groups were
not statistically significant.

significant effect of treatment on bone mineral density
was apparent at the femoral neck or trochanter. At the
Ward’s triangle, there was a 1.5% to 2.0% increase compared with placebo over 5 years in the salmon calcitonin
nasal spray 200-IU group, which was statistically significant at years 1 (P ⬍0.01) and 2 (P ⬍0.05).

Markers of Bone Metabolism
Serum C-telopeptide levels decreased significantly from
baseline in the 200-IU and 400-IU salmon calcitonin nasal spray groups at all time points up to year 5 (P ⬍0.05;
Figure 3). When the overall effect (average effect from
baseline to year 5) was considered, the 200-IU and 400-IU
doses produced statistically significant suppression compared with placebo (200 IU: ⫺12%, P ⫽ 0.01; 400 IU:
⫺14%, P ⫽ 0.008). Compared with placebo, serum bonespecific alkaline phosphatase levels decreased significantly in the 200-IU group at each time point (P ⬍0.05)

Bone Mineral Density
Lumbar spine bone mineral density did not change substantially in the placebo group during the study. At year 1
and year 2, there was a significant increase (P ⬍0.05) in
lumbar spine bone mineral density in all calcitonin
groups compared with placebo (Figure 2). At year 3, the
increase in lumbar spine bone mineral density was statistically significantly different from placebo (P ⫽ 0.01) in
only the 400-IU group. Lumbar spine bone mineral density in each salmon calcitonin nasal spray treatment
group was increased significantly from baseline at each
time point during the 5 years (P ⬍0.01). No clinically
272
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Figure 2. Lumbar spine bone mineral density, mean percentage change from baseline (⫾ SEM). Number of participants
with at least 1 postbaseline evaluation (placebo ⫽ 268, 100 IU ⫽
273, 200 IU ⫽ 280, 400 IU ⫽ 274). A single asterisk indicates P
⬍0.05 versus placebo; a double asterisk indicates P ⬍0.01 versus
placebo.
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Figure 3. Serum C-telopeptide levels, median percentage
change from baseline (⫾ 95% confidence intervals). Number of
participants with a least 1 postbaseline evaluation (placebo ⫽
258, 100 IU ⫽ 262, 200 IU ⫽ 273, 400 IU ⫽ 262). A single
asterisk indicates P ⬍ 0.05 change from baseline.

and in the 100-IU and 400-IU groups up to year 3 (P
⬍0.01). There were statistically significant decreases in
serum osteocalcin levels in the active treatment groups as
compared with baseline, but no significant differences
were observed compared with placebo. Antibodies that
bind salmon calcitonin at titers greater than 1,000 developed in 74 participants (26%) in the 100-IU group, 94
(29%) in the 200-IU group, and 94 (34%) in the 400-IU
group. The presence of high titers of antibodies did not
influence the effect of salmon calcitonin on the risk reduction of new vertebral fractures.

Adverse Effects
The distribution of adverse effects was similar among the
salmon calcitonin nasal spray and placebo groups, except
for a significant increase in rhinitis related to the study drug
(defined as nasal congestion, nasal discharge, or sneezing),
which occurred in 22% of active-treated participants compared with 15% of placebo participants (P ⬍0.01). Ninetyseven percent of nasal events in the calcitonin-treated
groups and 91% of nasal events in the placebo group were of
mild or moderate severity (calcitonin: 67% mild, 30% moderate; placebo: 64% mild, 27% moderate). Headache was
reported less frequently in the salmon calcitonin nasal spray
groups (4%) than in the placebo group (7%, P ⫽ 0.03).

DISCUSSION
The results of this 5-year clinical trial show that 200 IU of
salmon calcitonin nasal spray per day significantly reduces the risk of new vertebral fractures by 33% to 36% in
postmenopausal women with low bone mass or prevalent
vertebral fractures. Among women with one to five vertebral fractures at baseline, 11 needed to be treated for 3
years to prevent a new vertebral fracture. The effect on
vertebral fractures was accompanied by a modest increase
in lumbar spine bone mineral density and a decrease in
bone resorption.

Previous studies with parenteral or nasal salmon calcitonin, principally in participants with Paget’s disease,
have suggested that resistance may develop with continued use, potentially because of antibody formation,
down-regulation of receptor sites, or counter-regulatory
mechanisms (1,38 – 41). The results of this study, however, demonstrate a sustained effect in terms of reduction
of fracture risk at the spine, maintenance of improved
bone mineral density, and suppression of bone turnover
during 5 years of observation.
Although vertebral fractures are the usual presenting
manifestation of osteoporosis (42) and are associated
with substantial morbidity (43), fractures of the hip have
greater morbidity, mortality, and cost (43). Although
definite conclusions on the risk of hip fracture cannot be
drawn from our study, which was not designed to examine such effects, we did observe a nonsignificant 48% reduction in the risk of hip fracture in the salmon calcitonin
nasal spray 200-IU group compared with the placebo
group. The significant benefit observed in the 100-IU
group may be the result of chance: the observed incidence
(only one event, 0.3%) is about one-quarter of the incidence observed in active-treatment groups in other studies (44,45) as well as in the 200-IU group in this study.
Further studies are indicated to determine the effect of
salmon calcitonin nasal spray on the risk of hip fracture.
Salmon calcitonin nasal spray was well tolerated in
these elderly women. The rate and reasons for discontinuation were distributed equally among treatment groups.
Intolerance to the nasal spray did not contribute significantly to study discontinuation; less than 5% of participants discontinued for this reason.
Although there was a persistent benefit on spinal bone
mineral density during the 5 years of the study in the
200-IU group, salmon calcitonin nasal spray reduced
fracture risk without substantial effects on bone mineral
density. Furthermore, only a modest effect was observed
on serum C-telopeptide levels as a marker of bone resorption, although these levels were evaluated only at yearly
intervals; the effects of salmon calcitonin nasal spray on
bone resorption markers may occur within weeks to
months (46). Although there was an association between
reduced fracture risk and a 6% to 8% increase in bone
mineral density and a 60% decrease in markers of bone
resorption in women with vertebral fractures who were
treated with alendronate (47– 49), the results of this study
and a study of raloxifene (45) show that approved osteoporosis therapies can reduce the risk of vertebral fractures
without substantial improvement in bone mineral density or reduction in markers. How salmon calcitonin reduces the risk of fractures is not known; a decrease in
bone turnover, particularly of the bone resorption component, may be as important a determinant of antifracture efficacy as an increase in bone mineral density (50 –
52). An improvement in bone mineralization (30,53)
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may also matter. It is also possible that salmon calcitonin
may improve bone quality and strength. These factors
may act together to reduce the osteoclast activation frequency and trabecular erosion depth with a consequent
reduction in trabecular perforations, microfractures, and
subsequent macrofractures.
The high dropout rate in the study may have affected
our results. The study was started in 1991 and was the first
multicenter study to assess the effect of a new drug with
vertebral fractures as the endpoint. The relatively high
discontinuation rate should be considered in view of the
5-year treatment duration (approximately a 12% dropout rate per year). One reason for the dropout rate might
have been that the investigators were not blinded to the
bone mineral density results. When the trial was being
planned, it was not considered ethical in a 5-year study to
withhold the bone mineral density results from the investigator and the participant. The approval of two new osteoporosis treatments in the United States (salmon calcitonin nasal spray and alendronate) and the relatively
modest increase in bone mineral density (which participants and investigators may have perceived as lack of efficacy) may have caused some participants to discontinue
prematurely. However, the statistical methods that we
used to analyze our results were intention-to-treat analyses that considered time to event. Analysis of the baseline characteristics of participants at risk for a new vertebral fracture at years 3 and 4 shows that the groups were
still well matched at these times, suggesting that selection
bias had not occurred. Finally, the estimate of the treatment effect could have been biased if poor responders
had discontinued in the 200-IU group while continuing
in the placebo group. However, participants who discontinued prematurely in the placebo group had a significantly higher percentage decrease in lumbar spine bone
mineral density compared with those who discontinued
in the active-treatment groups.
We did not observe a dose–response in the reductions
in the risk of new vertebral fractures. Such a dose–response would have strengthened the conclusions of the
study, but its absence does not invalidate the results
showing statistically and clinically significant antifracture
efficacy in the salmon calcitonin nasal spray 200-IU dose
group. However, the lack of antifracture efficacy in the
400-IU group was unexpected, especially because we observed significant biologic effects of the 400-IU dose on
lumbar spine bone mineral density and serum C-telopeptide levels. Why these effects did not lead to significant
reductions in the rate of vertebral fractures is not clear.
In summary, the results of our study demonstrate that
salmon calcitonin nasal spray at a dose of 200 IU is a safe
and effective treatment for postmenopausal women with
established spinal osteoporosis.
274
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