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ABSTRACT: Strontium ranelate (SR) is a novel antiosteoporotic agent,
electively concentrated in positions of active bone formation, and es-
pecially onto the crystal surface that allows permanent exchanges with
extracellular fluid. Although the mechanism(s) of action is still under
rigorous research, SR appears to reduce bone resorption by decreasing
osteoclast differentiation and activity and to stimulate bone formation by
increasing replication of preosteoblast cells, leading to increased matrix
synthesis. In the placebo-controlled, phase III trial spinal osteoporosis
therapeutic intervention (SOTI) (no = 1442; mean age 69 years), there
was a 41% decrease over 3 years in the number of patients with new
vertebral fractures in the SR (2 g/day) group versus placebo (P < 0.001),
already detected after 12 months (49% lower risk, P < 0.001). The phase
III treatment of peripheral osteoporosis (TROPOS) study assessed the
efficacy of SR (2 g/day) in preventing nonvertebral fractures in post-
menopausal osteoporosis (no = 4932; mean age 77 years). SR reduced
nonvertebral fracture risk by 16% versus placebo (P = 0.04) and hip
fracture risk by 36% (P = 0.031) in osteoporotic patients older than 74
years. Thus SR is an effective and safe treatment for vertebral and hip
osteoporosis with a unique mode of action.
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INTRODUCTION

Strontium (Sr) was first used for the treatment of osteoporosis in the 1950s."
Because of its tendency to oxidate, it is not found in its free form. The main
natural sources of strontium are vegetables and cereals, with its concentration
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varying between 0.001 and 39 mg/L in soil and <1 mg/L in water. Strontium
daily intake is 2 to 4 mg, while the ratio of ingested Sr to Ca is 8/1,000.
Plasma Sr levels vary from 0.11 pmol/L to 0.31 wmol/L. When 1.9 mg of Sr
is consumed daily, 0.34 mg is excreted in the urine, 1.5 mg in feces, 0.02 mg
in sweat, and 0.2 10~ mg in growing hair. About 25-30% of the administered
dosage of Sr is absorbed by the jejunum, with active transport. Substances like
vitamin D, lactose, and generally all carbohydrates have a positive impact on
Sr absorption in contrast to chelating agents Ca and P. The Sr/Ca absorption
ratio is 0.6—0.7 and after coadministration of Sr and Ca it declines to 0.45-0.5.

The renal clearance of Sr is three times higher compared to calcium. The
mechanism of tubular reabsorption is similar for both Sr and Ca. However,
since the atom of Sr is larger, its tubular reabsorption is significantly lower
than that of Ca. After intravenous Sr administration, serum iPTH levels, serum
Ca and renal Ca reabsorption decline, whereas serum P levels increase and
la-hydroxylase activity is suppressed thus decreasing calcitriol levels.

About 50-80% of the absorbed dosage is concentrated electively in positions
of active bone formation.!? The heterogeneous distribution of Sr in the skele-
ton depends on its plasma concentration, time of exposure, sex, skeletal site
(trabecular or cortical), and the age of bone, with newly formed bone showing
higher Sr concentration than that of older bone. The majority of strontium is
adsorbed onto the crystal surface that allows permanent exchanges with extra-
cellular field; at most 1 atom of calcium out of 10 is replaced by strontium at
high doses (monkey-52 weeks treatment).

STRONTIUM RANELATE

Strontium ranelate (SR), which consists of two atoms of stable strontium and
an organic acid, ranelate, is a new orally administered drug for the treatment
of postmenopausal osteoporosis.® Its effects on bone mass and architecture
have been thoroughly studied in models of normal and osteopenic animals as
well as on bone cells in vitro. The effects of SR seem to be mediated through
activation of the calcium-sensing receptor on osteoblasts or another function-
ally different cation-sensing receptor on the same cells.! SR administration
in intact female rats (225-900 mg/kg/day) dose-dependently increased bone
mass of the vertebra body and midshaft femur, while indices of microarchitec-
ture such as trabecular and cortical bone volume as well as trabecular number
and thickness improved, thereby increasing bone strength.* In animal mod-
els with predominant bone remodeling (Macaca fashicularis), SR (0.39-2.91
mmol/kg/day for 6 months) dose-dependently decreased bone resorption and
increased the extent of mineralizing surfaces.” These findings indicate that
SR has a unique uncoupling action on bone, increasing bone formation and
decreasing bone resorption. In animal models of osteopenia such as ovariec-
tomized rats and after limb immobilization, SR decreased bone resorption
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while bone formation, contrary to the classic antiresorptive compounds, was
maintained or increased.®” In vitro studies indicate that the favorable effect on
bone formation is mediated by amplification of preosteoblastic cells replication
and by secondary or primary increase synthesis of bone matrix.® Furthermore,
by monitoring the expression of carbonic anhydrase and fibronectin receptor,
it was concluded that the osteoclast differentiation is decreased by SR leading
to suppression of bone resorption.’ The suppressing activity of strontium is
also established in cell cultures,’'® where a decrease of the resorption surface
has been observed.

Collectively, opposite to other drugs employed in the treatment of osteo-
porosis, which act by either increasing bone formation or decreasing bone
resorption, SR does both simultaneously. As a result, it increases bone density
and bone strength in intact rats, while improving the architecture of the cortical
and trabecular bone in normal and ovariectomized experimental animals. Its
distinctive impact on bone metabolism results in the formation of a new bone
with higher bone strength.

But is there any connection between the formation of a new and stronger
bone and the decrease of risk fracture? The answer is given by two multi-
center, randomized, double-blind, controlled trials concerning women with
postmenopausal osteoporosis. In the Spinal Osteoporosis Therapeutic Inter-
vention study (SOTI),'! 1,649 postmenopausal women with low lumbar spine
bone mineral density (BMD) (<0.840 g/m?) and at least one vertebral fracture
were randomly assigned to receive 2 g/day SR or placebo, both groups being
supplemented with calcium and vitamin D according to their needs. Over 1 and
3 years there was a significant decrease in the relative risk of new vertebral
fractures of 49% and 41%, respectively, with 9 patients requiring treatment
for 3 years to prevent one vertebral fracture. Furthermore, there was a sig-
nificant relative risk reduction at 1 (52%) and 3 (38%) years in new clinical
vertebral fractures. Height loss more than 1 cm was less in the treatment group
(30.1% vs. 37.3%, P = 0.003), while new or worsening back pain tended to
be lower (17.7% vs. 21.3%, P = 0.07). Over a period of 3 years, BMD in the
SR group increased from baseline by 12.7% at the lumbar spine, 7.2% at the
femoral neck, and 8.6% at the total hip (P < 0.001 for all three comparisons
with baseline values), corresponding to differences between the placebo and
the treatment groups at 3 years of 14.4%, 8.3%, and 9.8%, respectively. At
3 years, the BMD at the lumbar spine, adjusted for Sr content, showed an in-
crease over the baseline value of 6.8% in the SR group and a decrease of 1.3% in
the placebo group (P < 0.001); these changes correspond to a treatment-related
increase of 8.1%. Regarding indices of bone turnover there was a significant in-
crease of bone-specific alkaline phosphatase, while C-telopeptide cross-links
decreased during the first year and subsequently increased remaining at all
times significantly lower compared with controls. The tolerability profile of
SR was good. There was no evidence of osteomalacia in a small group of pa-
tients on whom bone biopsy was performed, while there was a slight transient
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increase in the incidence of diarrhea in the active group during the first
3 months of treatment.

The Treatment of Peripheral Osteoporosis study (TROPOS)!? randomized
5,091 osteoporotic (T-score gy < —2.5) women (> 74 years or 70—73 years with
at least one risk factor for fracture—previous fracture, frequent falls, living in
retirement home, or family history of osteoporotic fracture) to receive either
2 g/day SR or placebo, both groups being supplemented with calcium and
vitamin D according to their needs. Over 3 years there was a 16% decrease in
the relative risk of nonvertebral fracture (RR = 0.84; 95% CI [0.702; 0.995],
19% relative risk reduction of major nonvertebral osteoporotic fractures (RR =
0.81;95%CI[0.66; 0.98], while risk of hip fracture was significantly decreased
by 36% in a high-risk subgroup (femoral neck BMD ¢-score < -3 and age >
74 years) (RR = 0.64; 95%CI [0.412; 0.997]. Concerning vertebral fractures
there was 45% and 39% relative risk reduction of new vertebral fractures over
1 and 3 years (RR = 0.55; 95%CI1[0.39; 0.77], RR = 0.61; 95%CI [0.51; 0.73],
respectively). This favorable effect was evident in patients with (RR = 0.68;
95%CI [0.53; 0.85]) and without (RR = 0.55; 95%CI [0.42; 0.72]) previous
prevalent vertebral fractures. BMD at the femoral neck and total hip increased
significantly in the active treatment group by 8.2% (95%CI [7.7; 8.7] and 9.8%
(95%CI[9.3; 10.4] at 3 years compared to placebo. The safety profile was good
as it was shown in the Spinal Osteoporosis Therapeutic Intervention (SOTI)
trial.

In summary, SR 2 g orally, once daily reduces the risk of vertebral, nonver-
tebral, and hip fractures and has a good tolerability profile. It is obvious that
SR dual activity in bone metabolism is a breakthrough for the treatment of
postmenopausal osteoporosis.
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