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Summary

Objective: Aim of 'this prospective study was to assess the in-
Sfluence of alfacalcidol  therapy on BMD  of post-

menopausal  patients.

Design: 96 postmenopausal women (mean 50.2+1.3 years)
within one year after menopause, were enrolled in the in-
vestigation. Indication of alfacalcidol therapy was to pre-
vent the development ofpostmenopausal osteoporosis in
such cases when oestrogen administration was con-

traindlcated or the patients refused the HRT.

Material Methods: Daily dose of alfacalcidol treatment was
0.5 meg. During the therapy serum calcium creatinine
and urine  calcium-creatinine ratio were determined.

BMD was measured in lumbal spine (L2-L4) and femur

neck with DXA method (LunarR) before and after 12

months  alfacalcidol — administration.

Results: During the therapy mean Z-scores measured in Ilum-
bal spine and in femur neck changedfrom (-1.12+0.27) to
(-0.7;£0.29) p<0.05).

Conclusion: This result indicates that alfacalcidol treatment
has a positive effect on BMD in the postmenopausal pe-

riod and it can prevent the development of post-

menopausal  osteoporosis  if hormone replacement thera-

py is contraindicated.
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Osteoporosis is the most common disorder of
bone estimated to affect 30 to 50% of post-
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Ozet
Amag: Bu prospektif  ¢alismanin amact, postinenopozal
donemdeki  hastalarda  a-calcidolun  kemik mineral dcin-

sitometresi  lizerine etkisini  belirlemektir.

Dr.Zekai Tahir  Burak  Kadin

Menopoz  Béliimii.

Calismanin Yapudigi Yer:

Hastanesi,

Materyel veMetod: 96postinenopozal kadin  (ortalama yaslar

50.2£1.3 yil) menopoz baslangicindan 1 yil sonra ¢alis-
maya alindilar,  a-calcidol tedavisinin endikasyonu post-

menopozal  osteoporozun onlenmesinde  Ostrojen kul-
lanmimimin  kontrendike oldugu veya hastanin  hormon  re-
plasmanint  kabul — etmemesi  hali  olarak  belirlenmistir.
Giinliik a-calcidol dozu (Alpha D'. TEVA) 0.5 mg olarak
belirlenmistir.  Calisma  boyunca serum  kalsiyum  krea-

tinin ve  idrar  kalsiyum/kreatinin oranlart  belirlenmigtir.
Lumbal vertebra (L-Lf ve femur boynu kemik mineral
dansiteleri DXA metodu ile. (Lunar) 12 ayhk periyodun

basinda ve sonunda  Olgiilmiistiir.

Sonucglar: Tedavi siiresince ortalama lumbal (L™-L™ ve femur

bagsini iceren Z-skoru olgiimleri (-1.] 2+0.27) ile
(-0.7;£0.29)  (p<0.05)  arasinda  degisim  gostermistir.
Tartisma: Bu  sonuglar  a-calcidolun  postinenopozal — donemde

kemik mineral dansitesi iizerinde pozitif etkisi oldugunu

gostermekte  ve  ayrica  hormon replasmait  tedavisinin

kontrendike  oldugu  durumlarda  postmenopozal  osteo-

porozu  engeller goriilmektedir.
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TKimJ Gynecol Obst 1999, 9:135-140

menopausal women. Rapid loss of bone occurs in
women at the time of menopause as a result of in-
creased bone turnover and osteoclastic bone re-
sorption that exceeds bone formation. Following
this rapid phase, bone loss continues to progress,
albeit at a slower rate. The associated microarchi-
tectural deterioration includes the loss of connec-
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tivity of trabecular bone which, together with loss
ofbone mass, results in a marked reduction in bone
strength. Ultimately, there is an increased incidence
of fractures, particularly with advancing age (1,2).

The continue and orosected morbidity and
mortality associated with osteoporosis and the at-
tendant social and economic implications of this
disorder point to the need for additional safe and ef-
fective therapies (3).

We report the results of one year. Prospective,
randomized, double-blind, placebo-controlled. The
goals were to evaluate the safety, tolerability, and
efficacy of daily, oral dosing ofa-calcidol in osteo-
porotic postmenopausal women. Changes in bone
mass of the lumbar spine and other skeletal sites
were the principal out come measurements. The ef-
fects of a-calcidol therapy on biochemical indices
of bone turnover and mineral homeostasis were al-
so assessed (4).

Material and Methods

Subjects were women (mean 50.2+1.3 years)
who were postmenopausal for at least one year and
who had osteoporosis as defined by a low lumbar
spine bone mineral density (BMD) (less than
0.92g/cm’). These values are approximately 2.5
standard deviations below the mean BM D of ma-
ture premenopausal white women, they approxi-
mate the 30" to 40" percentile for BM D of 60 years
old women. Pre-existing vertebral fracture was not
a requirement for eligibility. These subjects were
otherwise in good health based on their medical
history. Physical examination, and laboratory
screening evaluation and were no more than 15%
below or 30% above ideal body weight. Their
spinal anatomy was suitable for dual energy x-ray
absorptiometry (DX A) ofthe lumbar spine, with at
least three évaluable vertebrae from L, L,. Subjects
were informed of potential alternative treatments of
osteoporosis and provided written informed con-
sent. Criteria for exclusion included: 1) Metabolic
disease known to alter skeletal or mineral metabo-
lism, 2) Cancer, history of any illness, or significant
end-organ disease that might confound the results
of'the study or pose additional risk to the subject, 3)
History of on osteoporotic fracture of the proximal
femur, 4) Active upper gastrointestinal disease, 5)
Significantly impaired renal function (serum creati-
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nine > 1.5 mg/dL), 6) Use of medications known to
alter skeletal or mineral metabolism, 7) Daily use
of medications which have appreciable potential
for gastrointestinal irritation and 8) Use of any il-
licit drug, smoking of more than 20 cigarettes per
day, habitual ingestion of greater than six cups of
coffee per day, or more than two alcohol containing
beverages per day.

This was a double-blind, randomized, placebo
controlled study in which the primary objectives
were to study the safety and tolerability of daily,
oral dosing with a-calcidol for 1 year, and the ef-
fect of this compound on B M D ofthe lumbar spine,
calcium-regulating hormones, and serum and urine
biochemical indices of bone turnover. Secondary
objectives were to determine the effect of a-calci-
dol on BM D atproximal femoral and other skeletal
sites and on the incidence of vertebral fractures,
progression of vertebral deformities and height
loss.

Subjects were instructed to ingest either a- cal-
cidol or plasebo tablets orally with 6 to 8 ounces of
water each morning at least 1 hour before breakfast
or other food or drink except water (or at least 3
hours after breakfast as a less desirable alternative)
to ensure adequate absorption. They were intructed
to remain upright for at least 1 hour after dosing.
A1l subjects received a daily supplement of 500 mg
elemental calcium.

Screening evaluations included a lumbar spine
D X A, history, physical examination, hematology
and chemistry profiles and screening mammogra-
phy. Calcium intake was assessed by food frequen-
cy questionnaire at the start of study. Blood and
urine samples were obtained at each visit to moni-
tor safety and biochemical effects.

The primary efficacy endpoint was BM D of
the lumbar spine measured by DX A. Secondary
sites of BM D measurements included femoral
neck, total hip, and total body. Due to differences in
calibration among the machine types, results were
expressed as percent change from baseline rather
than as absolute changes.

The effect ofa-calcidol on lumbar spine BM D
was assessed for prespecified categorical variables
(race, baseline-vertebral fractures, current smoking
status, oophorectomy status, and creatinine clear-
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ance) as well as for several continuous variables
age, calcium intake, number of years post-
menopausal, height, weight, body mass index, bio-
chemical markers of bone turnover and lumbar
spine BMD.

Serum and urine samples were obtained in the
morning following an overnight fast every 3 to 6
months for assays of biochemical markers of bone
turnover and mineral homeostasis. Serum alkaline
phosphatase was measured as indices of bone for-
mation activity. Serum and urine calcium, phos-
phate, creatinine, and alkaline phosphatase were as-
sessed according to standart methods.

Results

Characteristics of the 96 postmenopausal
women enrolled in the study are summarized in
Table 1. Summary of baseline values for biochemi-
cal markers is presented in Table 2. There were no
important differences between treatment groups at
baseline with respect to these variables.

A summary of baseline values for BM D vari-
ables is presented by treatment group in Table 3.
Summary statistics are presented by densitometer
type with similarly calibrated types of densitome-
ters grouped together. Some measurements could
only be performed with some densitometer types:
total hip., femoral neck., lumbar spine. There were
no meaningful differences between treatment
groups at baseline for B M D variables.

Efficacy variables in BM D from baseline are
summarized in Table 3. Percent changes in BM D
from baseline through one year are summarized in
Table 4. After one year, a mean decrease from base-
line in lumbar spine BM D 0f0.8% was observed in
subjects receiving placebo (p<0.01). In contrast,
mean increases in lumbar spine BMD were ob-
served in subjects receiving a-calcidol (5.4% in the
5 mg) (all p<0.001).

At the end of the first year, there was a mean
decrease in lumbar spine BMD of 0.7% in the
placebo group (p<0.01) and mean increases of 3.8
% in the 5 mg a-calcidol treatment group.

Femoral neck BMD decreased 1.6% in the
placebo group after one year (p<0.001). Mean in-
creases of 2.8% in the 5 mg a- calcidol treatment
group. Total hip BM D decreased 0.9% over one
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Table 1. Baseline characteristics in post-
menopausal osteoporotic women treated with Alfa
calcidol or placebo

Placebo Treatment Group

(n:94) 0.50 meg (n:91)
Age (yrs) 59.3J-3.6 53.6x4.1
Years since menopause 13.8+7.1 7.4£6.1
Height (cm) 152.600.4 154.3+3.0
Weight (kg) 64.6+5.9 66.8+8.5
BMI (kg/m.2) 28.01.4 27.2+2.3
Estimated calcium intake 826642 796502

(mg/day)

Data are the mean=SD

Table 2. Summary of baseline biochemical effia-
cay variables

Treatment group

Placebo 0.50 meg

(n:96) (n:91)
Serum alkaline phosphatase (U/L) 57+12 55+13
Serum calcium (mg/dl) 9.4+0.31 9.3+0.37
Serum phosphate (mg/dl) 3.8+0.3 3.7+0.4

Urine calcium/creatinine (mg/mg) 0.12+0.07 0.14+0.08

Data are the mean=SD

Table 3. Summary of baseline BM D efficacy vari-
ables

BMD (g/cm2)
Site Placebo 0.50 meg
Lumbar spine 0.71+0.08 0.70+0.09
Femoral neck 0.59+0.09 0.58+0.08
Total hip 0.65+0.08 0.60+0.09

Date are the mean+SD for each treatment group

Table 4. Summary on mean change in BM D from
baseline after one year

BMD (g/cm’)

Site Placebo 0.50 meg
Lumbar spine 0.74+0.24" 5.53+0.42"
Femoral neck 1.50+0.40" 2.77+0.44"
Total hip 0.88+0.38<= 3.76x0.72°

Results are expressed as the mean percent change£SD
a: p<0.001 change from baseline
b: p<0.0l change from baseline

c: p>0.05 change from baseline
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year in the placebo group (p<0.05). Mean increases
0of 5.1% in the 5 mg a-calcidol treatment group.

Discussion

This study demonstrates the effectiveness of oc-
calcidol in restoring bone mass in postmenopausal
women with statistically significant and clinically
important gains at all key skeletal sites. These find-
ings are consistent with previously reported posi-
tive effects ofa-calcidol on bone mass and strength
shown in several animal models and on bone mass
in short-term and one year studies of osteoporotic
postmenopausal women. In the present study,
women receiving a-calcidol at each of one dose (5
mg) level experienced significant mean increases in
lumbar spine BM D relative to both baseline and
placebo-treated subjects. The increases in lumbar
spine B M D in the a-calcidol treatment groups were
most rapid during the first six months of treatment,
with continued increases during the one year.
Analysis of BM D of'the spine showed increases in
a-calcidol treatment group, confirming that there
were true increases in bone mass and rejecting the
possibility that subtle incident vertebral compres-
sion fractures could falsely inflate apparent BM D
increases (5-7).

The initial gain in bone mass may be attribut-
able to a decrease in bone turnover and concomi-
tant filling of resorption lacunae with bone mineral
(decreased bone remodeling space). This phenome-
non has been referred to as a remodeling transient.
Two potential explanations for the progressive in-
crease in BM D with a- calcidol are either a contin-
uing slow accretion of bone mineral in the remod-
eling space resulting from the reduction in bone
turnover or a continued gain in bone mass by re-
versal of the postmenopausal resorption/formation
imbalance at the basic multicellular unit (BMU)
level. The former explanation is unlikely to account
for progressive increases after about one year. It is
more probable that a-calcidol progressively in-
creases bone mass by allowing formation to exceed
resorption, thus generating a net positive balance in
skeletal mineral content (1,8-11).

The gains seen in lumbar spine BM D with a-
calcidol therapy have the potential to substantially
reduce the risk of vertebral fracture. Prospective
epidemiologic studies of older postmenopausal
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women have shown that a one standart deviation
(90%) difference in lumbar spinal BM D is associ-
ated with a 2.3-fold greater risk of vertebral frac-
ture in those with lower BM D . Nonclinical studies
of a-calcidol have consistently shown a positive
correlation between bone mass and bone strength in
treated animals. Therefore, one may hypothesize
that the observed 13.2% positive effect of treatment
with 5 mg of a-calcidol. Placebo after one year
would ultimately result in a reduction in vertebral
fracture risk of about 58%. Assuming that fracture
risk decreases on the same time scale as BM D in-
creases, the relative risk of incident vertebral frac-
tures over the one year study would have been
about 36%) lower in patients treated with a-calcidol
than in those treated with, placebo. Although clini-
cally important, the power to detect a 36% reduc-
tion in vertebral fracture risk in a study of'this size
was anticipated to be low. This 36% reduction in
vertebral fracture was consistent with that antici-
pated by epidemiologic studies (9-14).

The rate of turnover in cortical bone is much
lover than in trabeculer bone. This may explain the
greater increase in BM D at the lumbar spine and
femoral trochanter sites which have a higher prop-
ertion of trabecular bone than the femoral neck re-
gion, a- calcidol is the first agent to demonstrate a
significant progressive annual increase in femoral
bone mass (15-17).

The highly significant increase in femoral
B M D would be expected to have a positive effectin
reducing hip fractures. The increase in trochanteric
BMD with a-calcidol was nearly as large as that
seen at the lumbar spine. Assuming that increases
in BM D produced by treatment with a-calcidol
would be associated with a similar 2.8-fold lower
fracture risk for each standart deviation in BM D
observed in epidemiologic studies. We would ex-
pect that increases in femoral BM D of approxi-
mately as SD seen by the end of the one year of a-
calcidol treatment would lead to 20 to 30% de-
crease in the risk of hip fractures (18).

Progressive loss of height due to vertebral frac-
tures is characteristic feature of osteoporozis.
Changes in stature have been used both to measure
the natural history of osteoporozis and to serve as
an efficacy end point in clinical trials. Although
changes in stature are not always due to vertebral
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deformity, this measure is on important manifesta-
tion of osteoporosis and attributable to vertebral
changes in a blinded, placebo-controlled study once
other reasons have been excluded. The loss of
stature was significantly less over the 12 month
course of the study for pooled data from all a-cal-
cidol treatment groups vs. Placebo, indicating a
positive effect of a- calcidol on a clinical end point
that is a characteristic outcome of osteoporosis
(19,20).

Decreases in bone turnover were observed in
patients treated with a-calcidol as evidenced by the
changes in the urinary calcium, serum alkaline
phosphatase. The decrease in bone resorption in a-
calcidol-treated subjects was sustained, dosedepen-
dent and non progressive. Inhibition of bone re-
sorption by a-calcidol was reversible and appeared
to be related to the current dose rather than the cu-
mulative dose (6,15,16,19).

The magnitude of suppression of both bone re-
sorption and formation is similar to that reported
for estrogen-progestin therapy in postmenopausal
women and results in a level of bone turnover sim-
ilar to that of normal premenopausal women
(8,12,15).

The decrease in bone resorption produced by
a-calcidol, an anticipated, was associated a de-
crease in serum calcium which in turn resulted in a
compensatory increase in PTH and 1,25-dihydrox-
yvitamin D, and decrease in serum phosphate and
urine calcium. These changes gradually resolved
during treatment. However, the small persistant de-
creases in serum calcium and phosphate after one
year is consistent with the stable sustained reduc-
tion in bone resorption (3,9,11).

There were no consistent correlations between
levels of biochemical markers of bone turnover and
rates of BM D change in either placebo-or a-calci-
dol-treated subjects. This observation indicates that
a- calcidol produced comparable increases in BM D
in subjects regardless of the rate of bone turnover.
This observation is in contrast to a report that the
increases in BM D during treatment with salmon
calcitonin are much larger in subjects with higher
rates of bone turnover, and that subjects with low
bone turnover do not respond well to calcitonin.
Correlation between baseline B M D and other para-
meters should be viewed with caution as they are
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made for a patient population selected because
spine B M D was abnormally low (8,10,14).

Subgroup analyses indicate a remarkably uni-
form spine B M D response to a-calcidol treatment
in subjects with mild renal insufficiency or those
who are more that 65 years old.

Al doses ofa-calcidol in this study were gen-
erally well tolerated. Although the overall inci-
dence of clinical adverse experiences was high in
both placebo and treatment groups, this finding is
consistent with expectations for an older population
in a carefully monitored clinical trial of one year
duration. Moreover, no significant differences were
seen between any a-calcidol group and the placebo
group in the incidence of overall, serious or drug-
related clinical adverse experiences. The frequency
of discontinuation due to specific categories of ad-
verse experiences was similar in the treatment and
placebo groups.

Nonvertebral fractures occured at the anticipat-
ed low frequency and there were no significant
trends in fractures among the treatment groups. No
fractures were considered by the investigators to be
drug-related, and there were no reports of stress
fractures. The cumulative incidence of nonverte-
bral fracture results (in which the results of this
study were pooled with results from a second study
ofidentical design and similar size) were favorable
with 8.5% and 10.7% in the a-calcidol and placebo
groups respectively.

These results with a-calcidol compare favor-
ably to those of other agents used for the prevention
and treatment of postmenopausal osteoporozis al-
thoughy there is very little comparable information
avaible from one year, double-blind, placebo-con-
trol. Led trials. Increases in spine bone density of
up to 5% in one year have been reported for ostro-
gen. Increases of 2 to 34> in 2 years have been re-
ported for cyclic etidronate, and parenteral salmon
calcitonin. Intranazal calcitonin produced a more
modest increase in lumbar spine bone mineral den-
Sity.

In summary, daily oral a-calcidol at all doses
in this study produced statistically and clinically
significant increases in B M D of'the lumbar spine.
Proximal femur and total body in postmenopausal
osteoporotic women. The 0.5 mar. dose produced
maximal BM D effectes, had an excellent safety
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profile and was generally well tolerated. This is the
first treatment which has produced a significant in-
crease in femoral bone mass and progressive in-
creases at most skeletal sites for one year in post-
menopausal osteoporotic women. All a-calcidol
doses reduced bone turnover and produced changes
in biochemical indices of mineral metabolism
which were in keeping with the effects of a specif-
ic inhibitor of bone resorption. The BM D increases
over one year observed in the current study are pre-
dicted to result in clinically important reductions in
the risk of vertebral (by about 40%) and nonverte-
bral (20 to 30%) fracture. Thus, a-calcidol appears
to be a promising new the therapy for the treatment
of osteoporosis in postmenopausal women.
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