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ABSTRACT

Bisphosphonates are effective for the
prevention and treatment of glucocorti-
coid-induced osteoporosis (GIOP). Their
mechanism of action in this secondary
osteoporosisis similar to the mechanism
in postmenopausal osteoporosis. Pa-
tients with GIOP treated with bisphos-
phonates have a higher bone mineral
density than placebo-treated patients
(4% and 2% at the lumbar spine and fe-
mur, respectively). In addition, thereis
atrend for areduction in vertebral frac-
ture incidence in postmenopausal wo-
men. In parallel with general bone health
measures, bisphosphonate therapy must
be considered both in patients initiating
and in those on chronic glucocorticoid

therapy.

I ntroduction

There are several studiesin the litera-
ture regarding the prevention and treat-
ment of glucocorticoid-induced osteo-
porosis (GIOP) with different bone-spar-
ing agents, but the best evidence of effi-
cacy have been provided by bisphospho-
nates.

Bisphosphonates are widely used as anti-
resorptive drugs for the treatment of
metabolic bone diseases. They are non-
hydrolyzable analogs of pyrophosphate
characterized by two C-P bonds (Fig. 1).

From the basic P-C-P structure, a great
number of variations are allowed by
changing the side chains R and Ry. The
anti-resorptive potency of the drug is
dependent upon the side chain, and the
activity of the different bisphosphonates
on bone resorption varies markedly.

At the tissue level, bisphosphonates de-
crease bone turnover, decreasing the
birth of new remodeling units, while al-
lowing normal filling in the remodeling
space. Thisresultsin a decrease in bone
remodeling, and an increase in bone min-
eral density. These two mechanisms can
explain the effect of the drugs on bone
strength: a decrease in the thinning of
trabeculae, a decrease in the probability
of perforation of the thinner trabeculae,
and improvement of both the primary
and secondary mineralization of bone.
Bisphosphonates decrease both the func-
tion of mature osteoclasts, and the re-
cruitment and differentiation of osteo-
clast precursors.

Various mechanisms of action have been
described, including changes in the ruf-
fled border, shortening of the osteoclast
lifespan by apoptosis, etc. They also may
act through the secretion by osteoblasts
of an inhibitor of osteoclast-mediated re-
sorption (1-4). The molecular mecha-
nism of action probably differs among the
compounds depending upon their struc-
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Fig. 1. Chemica structure of bisphosphonate. The anti-resorptive potency of the drug is dependent upon

the side chains R1Ro.
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ture. Clodronate can be metabolized to
a cytotoxic, non-hydrolyzable analog of
ATP by macrophages, and probably os-
teoclasts (5). In contrast, the nitrogen-
containing bisphosphonates (pamidro-
nate, alendronate, risedronate, ibandro-
nate) are not metabolized; itislikely that
they act by preventing protein prenyla-
tion in osteoclasts, and that their molecu-
lar targets are enzymes of the mevalo-
nate pathway or prenyl-protein transfer-
ases (6).

Bisphosphonates have shown efficacy in
postmenopausal osteoporosis. they de-
crease the risk of vertebral and periph-
eral fracturesin osteoporotic postmeno-
pausal women (7-10). Surrogate mark-
ers of their efficacy are the decreasein
biochemical markers of bone remodeling
and the increase in bone mineral density
(BMD).

In contrast with postmenopausal osteo-
porosis, the main pathophysiologic mech-
anism in GIOP is adecrease in both the
number and the activity of osteoblasts,
with areduced trabecular wall thickness
and bone mineralizing surface (11,12).
Glucocorticoids may promote osteoblast
apoptosis (12). Changes in bone micro-
architecture are different: in GIOP a thin-
ning of the trabeculae is primarily ob-
served, perforated only for alarge de-
creasein trabecular volume (13). The ef-
fects of glucocorticoid on osteoclast ac-
tivity areless clear; an increasein bone
resorption has been proposed. Using
bone histomorphometry, contradictory
results have been obtained on resorption
parameters, perhaps because of the ef-
fect of the underlying disease. However,
the mechanism of action of the bisphos-
phonates is similar in GIOP and post-
menopausal osteoporosis. In a histomor-
phometric analysis of transiliac biopsies
performed in alarge study of patients
receiving high doses of glucocorticoids
(11), it has been shown that the amino-
bisphosphonate a endronate has no ef-
fect on bone resorption parameters (oste-
oclasts and eroded surfaces), in contrast
with a decrease in biochemica markers
of bone resorption (14), indicating a de-
crease in osteoclast function rather than
in osteoclast number. Alendronate mark-
edly decreases the rate of bone turnover,
with alarge decrease in the activation
frequency; the magnitude of this effect

issimilar to that reported in postmeno-
pausal osteoporosis treatment. This mech-
anism isthe rationale for the use of an
anti-osteoclastic drug in GIOP.
Prospective studies have been conducted
on both the prevention and treatment of
GIOP, with four bisphosphonates: etidro-
nate, alendronate, pamidronate and rise-
dronate.

Etidronate

Prospective studies have been conducted
with etidronate, using cyclical intermit-
tent use, 400mg/d for 14 days, follow-
ing by calcium supplementation for 76
days, and repeated every 3 months for
either 1 or 2 years.

Both controlled open studies and place-
bo-controlled studies (15-25) suggest
that intermittent cyclic etidronateis able
to reverse the loss of bone minera den-
sity in patients with GIOP. BMD increas-
es at both the spine (5%- 7%) and total
hip (2.5% - 6.8%), compared to contrals.
Three prospective placebo controlled
studies of one year duration have been
conducted in patientsinitiating high dose
glucocorticoid treatment for various me-
dical conditions, including polymyalgia
rheumatica, rheumatoid arthritis and vas-
culitis (22-24). Glucocorticoid treatment
was started within 3 months prior to stu-
dy entry, at amean daily dose equal to
or greater than 7.5 mg/day. In the Euro-
pean study (24), there was a statistically
significant difference between etidronate
and placebo groups at the lumbar spine
(+0.3% versus -2.8%). At the femoral
neck, the bone loss was decreased by a
half, although the difference was not sta-
tistically different (effect of treatment:
1.3%). In the Canadian study (23), the
same result was observed at the spine
(+0.6% versus -3.2%) and a significant
difference was observed at the great tro-
chanter (+1.5% versus-2.7%). The chan-
gesin the femoral neck were not differ-
ent between the groups. In these studies
there was no difference in the incidence
of adverse events (including problems
involving the gastrointestinal tract) be-
tween the placebo and treated groups.
Because these studies were conducted
using the same protocol, data were pool-
ed, alowing analysis between subgroups
(25). Similar treatment effects were seen
in the diseases subgroups. The benefit
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of the treatment at the lumbar spine was
2.9%, 3.3% and 4.4% for men, preme-
nopausal and postmenopausal women re-
spectively. At the femoral neck and great
trochanter differences between the pla-
cebo and etidronate groups were ob-
served for postmenopausal women only.
In the pooled prevention studies, 7 and
14 patients in the etidronate and placebo
groups experienced atotal of 8 and 34
vertebral fractures, respectively. Five
patients had 5 non-vertebral fracturesin
the treated group, whereas 8 patients had
12 non-vertebral fractures in the placebo
group (25).

In recent studies of etidronate for the
treatment of GIOP (20, 21), therewas a
significant difference between the etidro-
nate and placebo groups at the lumbar
spine of 4.1% and 5.4% after 1 and 2
years, respectively (25). In these patients
on long-term steroid therapy, who were
also receiving calcium, lumbar spine
BMD was unchanged during follow-up.

Alendronate

Alendronate is a potent amino-bisphos-
phonate which has a positive effect on
BMD in patients receiving glucocorti-
coids (26) and in patients with Cushing's
disease (27).

A large prospective study by Saag et al.
(14) was performed on patients taking a
median dose of 10 mg of prednisone
daily at basdline. In this one-year study,
477 men and women were randomized
to receive either alendronate 5 mg/d or
alendronate 10 mg/d or placebo. All of
the patients received 800 to 1000 mg of
elemental calcium and 250 to 500 1U
vitamin D daily. Patients with different
diseases were comprised in the cohort,
including 30% with rheumatoid arthri-
tis and 20% with polymyalgia rheum-
atica. BMD increased at the spine (2.1%
and 2.9% in the dendronate 5 and 10 mg
groups) at the trochanter (1.1% and
2.7%), at the femoral neck (1.2% and
1.0%) and at the total body (0.4% and
0.7%). In women, BMD changesin the
10 mg alendronate treated group were
dependent on the hormonal status: +2.0%
in premenopausal women, +1.5% in
postmenopausal women on hormonal re-
placement, and +4.0% in postmenopau-
sal women without estrogen therapy, re-
spectively. It is noteworthy that the



change in spine BMD in the placebo
group was related to the duration of
glucocorticoid therapy: -1% in the 34%
of patientstreated for less than 4 months,
-0.6% for those treated for 4 to 12
months, and +0.2% in patients treated for
more than 12 months. In contrast, nei-
ther the duration of glucocorticoid ther-
apy nor the underlying disease influen-
ced the response to alendronate.
Urinary excretion of N-telopeptides of
type | collagen (a marker of bone resorp-
tion) decreased by 60% and serum bone-
specific alkaline phosphatase concentra-
tions decreased by 27% in the alendro-
nate group (14). New vertebral fractures
during the study were uncommon: 2.3%
of the patientsin the 2 alendronate treat-
ment groups (pooled) versus 3.7% in the
placebo group. A trend for a treatment
effect was observed in post-menopausal
women. The treatment with alendronate
was safe. However, abdomina pain was
more frequent in patients receiving alen-
dronate 10 mg/d than in the other two
groups. There was no increase in side
effects involving the esophagus in the
aendronate groups, compared to the pla-
cebo group.

Pamidronate

Pamidronate is another potent amino-
bisphosphonate, that is widely used for
the treatment of malignant hypercal ce-
mia and Paget’ s disease.

Pamidronate 150 mg/d was proposed in
1988 for the treatment of GIOP, and a
benefit on vertebra mineral density over
two years, as measured by quantitative
computed tomography, was seen (28,
29). However, the effects of oral pami-
dronate on the upper gastrointestinal tract
preclude its long-term use, and intrave-
nous administration has been studied
(30).

In arandomised open trial, 32 patients
with inflammatory rheumatic diseases
who required first-time corticosteroid
therapy received either calcium alone or
calcium and pamidronate (90 mg at the
first injection, followed by 30 mg every
3 months) (31). A positive change was
measured at the spine (+3.6%) and the
hip (+2.2%) in contrast with a decrease
in the calcium group (-5.3% at both sites).
No acute phase reaction was observed,
athough this may be obliterated by glu-

Bisphosphonatesin glucocorticoid-induced osteoporosis/ C. Roux & M. Dougado

cocorticoid treatment.

Optimal compliance and convenienceis
ensured by the intravenous administra-
tion of bisphosphonate. This type of treat-
ment certainly deserves further study.

Risedronate

Risedronate is a new pyridinyl bisphos-
phonate, which has been studied in 224
men and women who were initiating
long-term corticosteroid treatment (32).
Patients received either placebo or 2.5
or 5 mg/d of risedronate. After 12 months,
there was no changein BMD compared
to baseline at the spinein the 2 treated
groups, but a 2.8% decrease in the pla-
cebo group. The mean differencein BMD
between the 5 mg risedronate and the
placebo groups was 3.8%, 4.1%, and
4.6% at the lumbar spine, the femoral
neck and the great trochanter respec-
tively (p < 0.001 for both). Urinary de-
oxypyridinoline/creatinine excretion de-
creased by 16.5% and 24.3% as early as
1 and 3 months, respectively, intherise-
dronate 5 mg group. Serum levels of
bone-specific alkaline phosphatase did
not change at 1 month and decreased by
15% at 3 months. No significant changes
in these markers were observed in the
placebo group. A trend toward a decrease
in the incidence of vertebral fracture was
observed in the 5 mg risedronate group,
compared with the placebo group: 5.7%
versus 17.3% (p = 0.07).

A randomized trial of trestment of GIOP
by daily risedronate was conducted by
Reid et al. (33). Patients were receiving
high dose oral corticosteroid for more
than 6 months, and &l of them received
calcium 1 g and vitamin D 400 U daily
during the trial. Risedronate 5 mg in-
creased BMD at 12 months, by 2.9%,
1.8% and 2.4% at the lumbar spine, the
femoral neck and the trochanter, while
no change was observed in the placebo
group (p < 0.001, p=0.004 and p=0.01,
respectively). Nine out of 60 (15%) pa-
tients in the placebo group and 3 out of
60 (5%) patientsin each treatment group
experienced incident vertebral fractures
by month 12, indicating atrend for are-
duction in fracture risk (significance was
reached when the risedronate-treated
groups were combined). Treatment with
risedronate was not associated with ad-
verse gastrointestinal events.
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Recently, this bisphosphonate was stud-
ied in a placebo-controlled trial on 120
women with rheumatoid arthritis requir-
ing long-term glucocorticoid therapy.
The administration over 2 years of 2.5
mg risedronate daily prevented bone loss
at the lumbar spine and femoral trochan-
ter, while significant bone loss was ob-
served in the placebo patients. There was
no difference between the 2 groups at the
femoral neck, althrough bone density
was maintained by the treatment at this
site. Interestingly, most of the patients
received NSAIDs and risedronate had a
similar upper gastrointestinal profileto
that observed in the placebo group (34).

Conclusion

When analyzing the different treatments
proposed for GIOP, bisphosphonatescer-
tainly have the best effectiveness score.
According to a meta-analysis, the mean
difference in BMD between bisphospho-
nate-treated patients and controlsin GIOP
is4.0% at the lumbar spine, and 2.1% at
the femoral neck (34).

Bone loss is more prominent during the
first months of medium to high-dose glu-
cocorticoid therapy, with a slower rate
of bone loss thereafter. The extent of
change in bone density is mainly related
to the duration of the treatment. In pa-
tients on chronic glucocorticoid treat-
ment, bisphosphonates increase BMD;
they stop bone lossin patientsinitiating
glucocorticoid treatment.

None of the studies were able to assess
the anti-fracture effect of bisphospho-
nates. There are no data on peripheral
fractures. On the other hand, atrend has
been seen for a reduction in vertebral
fracture risk, especially in post-meno-
pausal women.

In parallel with generd preventive meas-
ures for bone health, including calcium
and vitamin D supplementation, and hor-
mone replacement therapy in hypogona
dic subjects, bisphosphonates should be
considered, both in patients with GIOP
and in patientsinitiating high-dose, long-
term, glucocorticoid treatment.

References

1. FLEISCH H: Bisphosphonates: Mechanisms of
action. Endocrine Rev 1998; 19: 80-100.

2. SATOM, GRASSER W, ENDON et al.: Bis-
phosphonate action. Alendronate localization
in rat bone and effects on osteoclast ultrastruc-



Bisphosphonatesin glucocorticoid-induced osteoporosis/ C. Roux & M. Dougados

10.

11.

12.

13.

ture. J Clin Invest 1991; 88: 2095-105.

. HUGHES DE, WRIGHT KR, UY HL et al.: Bis-

phosphonates promote apoptosisin murine os-
teoclasts in vitro and in vivo. J Bone Miner
Res 1995; 10: 1478-87.

. BREUIL V, COSMAN F, STEIN L et al.: Human

osteoclast formation and activity in vitro: Ef-
fects of alendronate. J Bone Miner Res 1998;
13: 1721-9.

. FRITH JC, MONKKONEN J, BLACKBURN GM,

RUSSELL RG, ROGERS MJ: Clodronate and
liposome-encapsulated clodronate are metabo-
lized to atoxic ATP analog, adenosine 5'-(beta,
gamma-dichloromethylene) triphosphate, by
mammalian cells in vitro. J Bone Miner Res
1997; 12: 1358-67.

. LUCKMAN SP, HUGHES DE, COXON FP,

GRAHAM R, RUSSELL G, ROGERS MJ: Nitro-
gen-containing bisphosphonates inhibit the
mevalonate pathway and prevent post-trans-
lational prenylation of GTP-binding proteins,
including Ras. J Bone Miner Res 1998; 13:
581-9.

. WATTSNB, HARRIS ST, GENANT HK etal .:

Intermittent cyclical etidronate treatment of
postmenopausal osteoporosis. N Engl J Med
1990; 323: 73-9.

. BLACK DM, CUMMINGS SR, KARPF DBet al.:

Randomised trial of effect of alendronate on
risk of fracture in women with existing verte-
bral fractures. Lancet 1996 ; 348 : 1535-41.

. CUMMINGS SR, BLACK DM, THOMPSON DE

et al.: Effect of dendronate on risk of fracture
in women with low bone density but without
verteral fractures. JAMA 1998; 280: 2077-82.
REGINSTER JY, MINNE HW, SORENSEN OH et
al.: Randomised trial of the effects of risedro-
nate on vertebral fracturesin women with es-
tablished post-menopausal osteoporosis. Os-
teoporosis Int 2000; 11: 83-91.
CHAVASSIEUX PM, ARLOT ME, ROUX JP et
al.: Effects of alendronate on bone quality and
remodeling in glucocorticoid-induced oste-
oporosis: A histomorphometric analysis of
transiliac biopsies. J Bone Miner Res 2000; 15:
754-62.

MANOLAGAS SC, WEINSTEIN RS: New devel-
opmentsin the pathogenesis and treatment of
steroid-induced osteoporosis. J Bone Miner
Res 1999; 14: 1061-6.

CHAPPARD D, LEGRAND E, BASLEMF et al.:
Altered trabecular architecture induced by

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

corticosteroids: A bone histomorphometric
study. J Bone Miner Res 1996; 11: 676-85.
SAAG KG, EMKEY R, SCHNITZER TJ et al.:
Alendronate for the prevention and treatment
of glucocorticoid-induced osteoporosis. N Engl
J Med 1998; 339: 292-9.

ADACHI JD, CRANNEY A, GOLDSMITH C et
al.; Intermittent cyclic therapy with etidronate
in the prevention of corticosteroid induced
bone loss. J Rheumatol 1994; 21: 1922-6.
MULDER H, STRUYSA: Intermittent cyclical
etidronate in the prevention of steroid-induced
boneloss. Br J Rheumatol 1994; 33: 348-50.
STRUYSA, SNELDER AA, MULDER H: Cycli-
cal etidronate reverses bone loss of the spine
and proximal femur in patients with established
corticosteroid-induced osteoporosis. AmJ Med
1995; 99: 235-42.

DIAMOND T, MCGUIGAN L, BARBAGALLO S,
BRYANT C Cyclical etidronate plus ergocal-
ciferol prevents glucocorticoid-induced bone
loss in post-menopausal women. Am J Med
1995; 99: 235-42.

WOLFHAGEN FH, VAN BUUREN HR, DEN
OUDEN JW et al.: Cyclical etidronate in the
prevention of bonelossin corticosteroid-reated
primary biliary cirrhosis. A prospective, con-
trolled pilot study. J Hepatol 1997; 26: 325-
30.

PITT P, LI F, TODD P, WEBBER D, PACK S,
MONIZ C: A double blind placebo controlled
study to determine the effects of intermittent
cyclica etidronate on bone mineral density in
patients on long term oral corticosteroid treat-
ment. Thorax 1998; 53: 351-6.

GEUSENS P, DEQUEKER J, VANHOOF Jet al.:
Cyclical etidronate increases bone density in
the spine and hip of post-menopausal women
receiving long-term corticosteroid treatment.
A double blind, randomised placebo control-
led study. Ann Rheum Dis 1998; 57: 724-7.
JENKINS EA, WALKER-BONE KE, WOOD A,
MCCRAE FC, COOPER C, CAWLEY MID: The
prevention of corticosteroid-induced bone loss
with intermittent cyclical etidronate. Scand J
Rheumatol 1999; 28: 152-6.

ADACHI JD, BENSEN WG, BROWN Jet al.: In-
termittent etidronate therapy to prevent corti-
costeroid-induced osteoporosis. N Engl J Med
1997; 337: 382-7.

ROUX C, ORIENTE P, LAAN R et al.: Random-
ized trid of effect of cyclical etidronate in the

S-52

25.

26.

27.

28.

29.

30.

3L

32.

33.

35.

prevention of corticosteroid-induced bone loss.
J Clin Endocrinol Metab 1998; 83: 1128-33.
ADACHI JA, ROUX C, GEUSENSP et al.: A
pooled data analysis on the use of intermittent
cyclical etidronate therapy for the prevention
and treatment of corticosteroid-induced bone
loss. J Rheumatol 2000 (in press).

GONNELLI S,ROTTOLI P, CEPOLLARO Cet al.:
Prevention of corticosteroid-induced oste-
oporosis with alendronate in sarcoid patients.
Calcif Tissue Int 1997; 61: 382-5.

DI SOMMA C, COLAO A, PIVONELLORet al.:
Effectiveness of chronic treatment with alen-
dronate in the osteoporosis of Cushing's dis-
ease. Clinical Endocrinol 1998; 48: 655-62.
REID IR, KING AR, ALEXANDRE CJ, IBBERT-
SON HK: Prevention of steroid-induced oste-
oporosis with (3-amino hydroxypropylidene)-
1.1-bisphosphonate (APD). Lancet 1988; i:
143-6.

REID IR, HEAP SW, KING AR, IBBERTSON HK:
Two-year follow-up of bisphosphonate (APD)
treatment in steroid osteoporosis. Lancet 1988;
2: 1144 (letter).

GALLACHER SJ, FENNER KJA, ANDERSON K
et al.: Intravenous pamidronate in the treatment
of osteoporosis associated with corticosteroid
dependent lung disease: An open pilot study.
Thorax 1992; 47: 932-6.

BOUTSEN Y, JAMART J, ESSELINCKX W,
STOFFEL M, DEVOGELAER JP: Primary pre-
vention of glucocorticoid-induced osteoporo-
siswith intermitent intravenous pamidronate:
A randomized trial. Calcif Tissue Int 1997; 61:
266-71.

COHEN S,LEVY RM, KELLERM et al.: Rise-
dronate therapy prevents corticosteroid-in-
duced bone loss. Arthritis Rheum 1999; 42:
2309-18.

REID DM, HUGHESRA, LAAN RFM et al.: Ef-
ficacy and safety of daily risedronate in the
treatment of corticosteroid-induced osteoporo-
sisin men and women: A randomized trial. J
Bone Miner Res 2000; 15: 1006-13.

. EASTELL R, DEVOGELAER JP, PEEL NFA et

al.: Prevention of bone loss with risedronate
in glucocorticoid-treated rheumatoid arthritis
patients. Osteoporos Int 2000; 11: 331-7.
HOMIK JE, CRANNEY A, SHEA B et al.: A
meta-analysis on the use of bisphosphonates
in corticosteroid induced osteoporosis. J Rheu-
matol 1999; 26: 1148-57.



