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ABSTRACT

Calcitonin inhibits bone resorption by its
direct inhibition of osteoclasts. Its effi-
cacy in the prevention and treatment of
glucocorticoid-induced osteoporosis has
been tested in only a small nhumber of
studies. The two randomised, placebo-
controlled trials published do not show
any significant increase in bone mass.
The unblinded trials have shown more
positive effects on spinal bone density,
but there are substantial differencesin
the outcome of these trialswhich are dif-
ficult to explain. Injectable calcitonin
may have a greater effect than the nasal
spray preparation, but its useis limited
by a high incidence of side effects and
low patient acceptability. Thereis no
evidence that calcitonin reduces the frac-
ture rates in these patients as there have
been no studies of sufficient size to ad-
dress this question. Given the availabil-
ity of other therapeutic options of proven
efficacy for bone protection in patients
receiving long-term glucocorticoids, cal-
citonin should be regarded as a second-
line agent.

Introduction

The principa effect of calcitonin on bone
isitsinhibition of bone resorption by
means of the direct suppression of os-
teoclast function (1) and number (2). Ear-
lier studies of osteoporosis used porcine
calcitonin (3, 4), but in the last two dec-
ades salmon calcitonin has been used.
The development of salmon calcitonin
administered by nasal spray has signifi-
cant advantages over the injectable pre-
parations in terms of patient compliance
and acceptability. Most studies of calci-
tonin treatment in postmenopausal oste-
oporosis show only small increasesin
bone mass: up to 2% in the spine and
usually no significant increases at the hip
and other sites (5-8). Its efficacy inre-
ducing osteoporotic fractures has not yet
been definitively established in random-
ised controlled trials (9).
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Primary prevention

The efficacy of cacitonin in the preven-
tion and treatment of glucocorticoid-in-
duced osteoporosis has been studied in
asmall number of trials over the last de-
cade (Table). Of these, three were ran-
domised, double-blind, placebo-control-
led studies of the primary prevention of
glucocorticoid-induced osteoporosis
(10-12). Hedley et al. (11) assessed the
efficacy of subcutaneous calcitoninin
preventing osteoporosis in atwo-year
study of 48 patients with newly diag-
nosed polymyalgia rheumatica and/or
tempord arteritis sarting steroid therapy.
Patients were randomised to receive ei-
ther subcutaneous calcitonin or placebo.
In addition, all patients also received
calcium and vitamin D3 (calciferal) sup-
plementation. Unlike other studieswhich
have generally found parenteral admin-
istration of calcitonin to have low patient
acceptability, the study medications were
well tolerated and compliance with in-
jections and oral medications was good
(>80% and 90%, respectively). Eight
patients withdrew from the study, none
because of adverse events related to the
study medication. There were no differ-
encesin the changesin bone density over
the 2-year study between the two groups:
in the lumbar spine they were -0.1 +
3.3% and -0.2 £ 8.3% (mean + SD) in
the calcitonin and placebo groups respec-
tively, and in the femoral neck they were
-3.6+ 6.6% and -6.8 £ 10.9%. Therates
of new fractures were not different be-
tween the calcitonin (2/19, 11%) and pla-
cebo (3/21, 14%) groups. The cumula-
tive dose of prednisone over the two
years was the only significant correlate
of changein bone density. Adjusting for
prednisone dose did not change the out-
come of the analysis.

Adachi et al. (12) investigated the use
of intranasal calcitonin in the prevention
of steroid-induced bone loss. A group of
31 patients with newly diagnosed poly-
myal gia rheumatica were studied within
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Tablel. Summary of randomised controlled trials of salmon calcitonin in the prevention and treatment of glucocorticoid-induced osteoporosis.

Author Design 1°or 2° Duration Patients  Underlying Prednisone Number Treatment
prevention (months) (meanage diagnosis dose (mean) entered; sCTdose Route Compara-
& gender) completed tor
Healey RDPC 1° 24 72 yrs Temporal arteritis, 9.4 mg/d during 48; 42 100 IU thrice sc Placebo
(1995) (45-87) polymyalgiarheumatic; 1st year, 4.4mg/d weekly
12m, 36f other vasculitides during 2nd year
Adachi RDPC 1° 12 70yrs Polymyalgia 18 mg/d at 31; 27 200 1U/d in Placebo
(1997) 13m, 18f rheumatica baseline
Ringe RC 2° 6 50 yrs Chronic steroid 16.5 mg/d 38;36 100 |U/dternate  sc None
(1987) (25-67) dependent lung during study day
7m, 29f diseases
Luengo RC 2° 12 60 yrs Asthma 10.7 mg/d at 62; 40 100 |U/thrice sc None
(1990) 16m, 24f baseline weekly
Rizzato RC 2° 15 38yrs Sarcoidosis 12.1 mg/dduring  53; 53 100 Iu/d im None
(1988) 23m, 30f study
Luengo RC 2° 24 59 yrs Asthma 10.3 mg/d at 44; 30 200 1U/d in None
(1994) 6m, 38f baseline, 7.8 mg/d
at 2nd year
Kotaniemi RC 2° 12 51 yrs Rheumatoid 8.5 mg/d at 63; 49 100 1U/d in None
(1996) 63f arthritis baselineand 1 yr

RC = randomised controlled; RDPC = randomised, double-blind, placebo-controlled,; sSCT = salmon cal citonin; sc=subcutaneus; im = intramuscular; in =

4 weeks of starting steroid therapy. The
patients were randomised to either cal-
citonin nasal spray or placebo. Calcium
supplementation was given to those
whose dietary calcium was less than 800
mg/d (2 patients). Calcitonin nasal spray
was well tolerated.

Calcitonin was slightly more effective
than placebo in reducing the rate of bone
loss from the lumbar spine. Mean spinal
density changed from 1.06 g/cm? to 1.04
g/cm? (-1.29 + 6.76%) in the calcitonin
group and from 1.11 g/cm? to 1.08 g/cm?
(-4.95 + 3.5%) in the placebo group over
12 months. The discrepancy between the
percentage changes reported and the ab-
solute bone density valuesis presumably
attributable to the use of different sub-
groups of patientsfor each parameter, i.e.
intention-to-treat-analysis versus pa-
tients completing the study. This differ-
ence was statistically significant using a
one-tailed test, but the clinical signifi-
cance of such asmall difference must be
margina. In the proximal femur, the be-
tween-group trends were of similar mag-
nitude but in the opposite direction, and
in the total body scans the two groups
responded identically. At neither of these
sites was there a significant difference.
The study of Sambrook et al. (10) was

complicated in its design, and there was
no direct comparison of calcitonin treat-
ment alone with placebo. 103 patients
with underlying rheumatic, immunologic
and respiratory diseases were random-
ised into 3 groups within 4 weeks of
starting steroid therapy: (1) calcitonin
nasal spray with calcitriol and calcium;
(2) cacitriol and calcium with placebo
nasal spray; or (3) calcium with double
placebo. The treatment period was 1 year
with follow-up to 2 years; the patients
received no calcitonin, calcitriol or cal-
cium in the second year. The group con-
sisted of both young and old subjects
(age range 18-77 yrs.) of both sexes, Of
the 103 patients enrolled, 69 completed
one year and 60 completed the two years
of the study. Cessation of steroid therapy
(21 patients) was the main cause of drop-
out from the study, while non-compli-
ance, side effects and protocol violation
accounted for the remainder.

In thefirst year, bone loss from the lum-
bar spine but not the femoral neck or
radius was reduced by treatment with
calcium and calcitriol. The addition of
calcitonin did not have asignificant add-
ed benefit. The changesin lumbar bone
density in thefirst year were: -0.2 + 6.5,
-1.3+5.6, and -4.3 £ 5.5 percent per year
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for groups 1, 2, and 3 respectively (P =
0.0035). The difference between groups
1 and 2 was not statistically significant.
The rate of bone lossin the femoral neck
was similar in al three groupsin the first
year (-2.8+ 13.1,-28+10.3,and-29+
6.8 percent per year for groups 1, 2, and
3 respectively). The changesin thera-
dius were more variable, with small in-
creasesin groups 1 and 2, and a decrease
in the calcium-only patients (group 3),
but the differences were not statistically
significant.

During the second year, when these ster-
oid-treated patients received no bone
protection medication, no bone loss was
observed in group 1 (who originaly re-
ceived cacitonin, calcitriol and calcium)
though the other groups did lose bone
(changesin spine bone density: +0.7 + 7.8,
-3.6 £ 5.4, and -2.3% + 6.9 percent per
year in groups 1, 2, and 3 respectively;
P = 0.044). The authors suggested that
calcitonin might have had a persistent
benefit to explain this trend, but offered
no plausible biological mechanism for
this.

A further study in the primary preven-
tion of glucocorticoid-induced osteopor-
0sis was a case series of 29 consecutive
patients with previously untreated sar-
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Calciumor vit. D Endpoint Results Comment
supplement Inter-group differencesin change Within group change in bone density
in bone density at end of study  from baseline to end of study
Calcium15g/d& DXA spine,  Lumbar 0.1% (ns) SCT: -0.1%, -3.6% (lumbar, femur)
calciferol 4001U/d  femora neck  Femur: 3.2% (ns) Control: -0.2%, -6.8% (lumbar femur)
all patients (P values not stated)
Supplementary DXA spine Lumbar: 3.7%* SCT: -1.3%
caciumif dietary  hip, total body Control: -5.0%
intake < 800 mg/d (P values not stated)
SPA forearm  Mid-radius: 4.0%* SCT: +2.6%*, +2.7%* (mid-, distal radius) 40% sCT group reported
Distal radius: 6.2%* Control: -1.4%*, -3.5%* (mid-, distal radius)  side effects
Calcium 1 g/d DPA spine Lumbar: 6.5%* SCT: +4.0%* 100% sCT group reported side
all patients Control: -2.5%* effects of varying degrees; 35%
dropped out due to intolerance
QCT spine Lumbar: 12.0%* SCT: -2.2% 20% dropped out from sCT due to
Control: -1.4% (P values not stated) low compliance with i.m. injections
Calcium 1 g/d DPA spine Lumbar: 5.5% (12 months)* SCT: +2.7% (ns), +2.8% (ns) (12, 24 mths)
all patients 10.6% (24 months)* Control: -2.8% (ns), -7.8%* (12, 24 mths)
Calcium500 mg/d  DXA spine Lumbar: 1.1% (ns) SCT: +0.5% (ns), +0.3% (ns) (lumbar, femur)
all patients Femoral neck 3.0%* Control: -0.6% (ns), -2.7%* (lumbar, femur)

intranasal; SPA = single-photon absorptometry; DPA = dual-photon absorptometry; DXA = dual energy Xx-ray absorptometry; * = P < 0.05; NS = not significant.

coidosis who were simultaneoudly start-
ing prednisone and calcitonin (13). The
first 18 patients received intramuscular
salmon calcitonin (i.m. sCT) for 2 years,
and the other 11 patients received intra-
muscular injectionsfor thefirst 4 months
and continued with intranasal calcitonin
spray (i.n. sCT) for afurther 20 months.
Thirty-five historical cases were selected
as the control group for comparison.
Bone densities were measured by quan-
titative computed tomography. The de-
crease in spinal bone densities over the
2 years was significantly greater in the
historical control group than in the 2 cal-
citonin groups: control, -15.35 + 2.6%;
i.m. sCT, -4.05 + 4.6%; i.n. sSCT, -3.68 +
3.4%, P < 0.03. Most of the bone loss
occurred in the first year. The reduction
in bone density over time was signifi-
cant in the control and not in the calci-
tonin groups. Bone loss was not differ-
ent in the two calcitonin groups, but side
effects were much more common in the
i.m. sCT group.

Secondary prevention

Secondary prevention with intramuscu-
lar, subcutaneous, or intranasal calcitonin
has been studied in patients on estab-
lished steroid therapy. All of these stud-

ies lacked a placebo control group (14-
18). Most only measured bone density
changes at asingle site, either radial (14)
or vertebral (15-17). The studies where
calcitonin was administered parenterally
(either intramuscular or subcutaneous)
were characterised by high incidences of
side effects and low patient compliance
(14-16).

Ringe et al. (14) investigated the effect
of treatment with subcutaneous calci-
toninin agroup of patients with steroid-
dependent lung diseases. They found a
4-6% difference in changesin forearm
bone density between the treated and the
control groups at six months, correspon-
ding to asmall gain in bone density of
~2-3% in the treatment group and aloss
of ~1-3% in the untreated group. Nearly
40% of the calcitonin treated patients
experienced side effects of flushing or
nausea, and one dropped out of the study
because of intolerance of calcitonin in-
jections.

Another secondary prevention study in
steroid-dependent asthmatic patients had
ahigh dropout rate of 35% from the sub-
cutaneous calcitonin group because of
non-compliance and side effects (16).
All 20 patients who completed the 12
months of calcitonin treatment experi-
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enced side effects of mild to moderate
degree. Thefinal analysisincluded only
these 20 patients with 20 sex-matched
controls. In those who were able to con-
tinue with calcitonin there was an in-
crease of 4% (P £ 0.001) in the lumbar
spine bone density at one year as com-
pared with a decrease of 2.5% (P£ 0.05)
in the control patients.

In one study of treatment with intramus-
cular calcitonin in prednisone-treated
sarcoidosis patients, 20% of the original
patientsin the calcitonin group stopped
calcitonin after afew injections due to
low compliance (15). They were subse-
quently included in the control group. A
difference of 12% (P < 0.001) in change
in spinal bone density was found be-
tween the groups at 15 months. Both
groups lost bone: ~2% in the calcitonin
group and 14% in the control group. The
control group on average received a24%
higher dose of prednisone than the calci-
tonin group, athough the difference was
not statistically significant. Spinal bone
density was measured using quantitative
computed tomography, which assesses
the density of the vertebral body trabecu-
lar bone, which has a higher turnover.
This would account for the greater
changesin bone density than are seenin
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other studies using dual energy x-ray or
dua -photon absorptometry, which meas-
ure amixture of cortical and trabecular
bone.

Compared with its injectable forms, cal-
citonin given by nasal spray is better tol-
erated by patients. Although a dose of
200 U calcitonin administered by the
nasal route is considered to be equiva-
lent to 80-100 U given parenteraly (19),
the bioavailability of the nasal prepara-
tion is probably less. Doses of intrana-
sal calcitonin tested in glucocorticoid-
induced osteoporosis range from 100-
400 1U/d (10,12,17,18). Luengo et al.
(17) compared the efficacy of intranasal
calcitonin plus calcium versus calcium
alonein preventing bone lossin steroid-
dependent asthmatics. All 44 patients
completed the first year, and 34 com-
pleted two years of the study. Nine pa-
tients ceased to be steroid-dependent
while one cd citonin-treated patient drop-
ped out of the study because of side ef-
fects. Anadysis was performed at one and
two years on the results of the patients
who remained on the study medications.
In the calcitonin-treated group there were
non-significant increases of 2.7% and
2.8% in the lumbar bone density at one
and two years, respectively, whilein the
control group there were decreases of
2.8% (not significant) and 7.8% (P =
0.007) at one and two years. The differ-
ences in change in bone density from
baseline between the groups were sta-
tigtically significant at both time points.
There was no difference in fracture rates,
with 3 new fracturesin each group. The
side effects of intranasal calcitonin were
mild: rhinorrhoea, nausea, facial redness,
and headaches were reported.
Kotaniemi et al. (18) tested the efficacy
of intranasal calcitonin in rheumatoid
patients on steroids. Intranasal calcito-
nin plus calcium was compared with cal-
cium aone over a 12-month period. This
isthe only study to show any statistical-
ly significant beneficial effect of calci-
tonin in preventing bone loss from the
proximal femur —in those patients who
completed the study a 3% difference be-
tween groups at the femoral neck (P <
0.05) was seen. The calcium-only group
showed areduction in bone density of
2.7% at 12 months (P < 0.05) versus a

non-significant minor increase of 0.3%
in the calcitonin plus calcium group.
There was no significant difference in
the changes at the lumbar spine. Twenty
percent of the 63 enrolled patients expe-
rienced side effects. These were gener-
aly mild and none of the patients with-
drew from the study because of side ef-
fects.

In summary, the evidence that calcitonin
is efficacious in preventing steroid-in-
duced bone loss is unconvincing. The
two placebo-controlled studies do not
really show any significant effect when
analysed using conventional statistical
methods. Only one study has shown ef-
fectsat the hip. In the spine, where posi-
tive results have been more common,
there are substantial differencesin out-
come between trials which are difficult
to explain. Injected calcitonin may have
agreater effect than the nasal spray pre-
paration, but its use is limited by a high
incidence of side effects and resulting
low patient acceptability. Thereisno evi-
dence that any formulation of calcitonin
reduces the fracture rates in these pa-
tients because studies of sufficient size
have not been undertaken. In contrast,
there are now alarge number of studies
on bisphosphonates which generally
show greater beneficial effects on bone
density than the calcitonin studies, are
consistent between studies, and which
have also shown fracture prevention in
some cases. Therefore, calcitonin can
only be regarded as a second-line agent
for use when other therapeutic options
are not available.
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