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Conclusion: Strontium ranelate promotes bone formation and reduces bone resorption via an innovative
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has been demonstrated. It has a favourable side-effect profile, a convenient dosing regime and has been shown
to be of particular benefit in the elderly.
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SUMMARY

Osteoporotic fractures are a major cause of morbidity and mortality and exert a huge economic and social
burden — but one that is largely preventable by the identification of at-risk patients and the use of anti-
osteoporotic drugs developed over the last two decades, the most recent and innovative of which is strontium
ranelate (SR). SR is a dual agent that reduces bone resorption and simultaneously increases bone formation. It
increases bone mineral density (BMD) at the spine and hip in postmenopausal women with osteoporosis, and
can normalise BMD in women with osteopenia. More importantly, it is the only drug for which a reduction
in fracture risk sustained over 8 years’ treatment has been demonstrated. Whilst all the anti-osteoporotic
medications currently available reduce vertebral fractures, only SR and the bisphosphonates alendronate and
risedronate have been shown to reduce hip fractures. This is particularly important given the high mortality and
morbidity associated with hip fracture. Furthermore, SR is the only anti-osteoporotic medication that has been
shown to reduce fracture risk in the very elderly (= 80 years). This group of patients are particularly vulnerable
because of their decreased bone strength and increased propensity to falls. SR is convenient to take once daily
as granules dissolved in water, preferably at bedtime. It is generally well tolerated, is not associated with gastritis,
and does not interact with commonly used drugs, other than calcium-containing preparations and foods, and
some antibiotics. Recent analyses have shown that SR is cost-effective in the treatment of osteoporosis. Thus,
SR is a useful addition to the range of anti-osteoporotic medications available, offering advantages over the
bisphosphonates by virtue of its better tolerability, especially in terms of gastritis, and easier dosage, and offers

significant benefits for the very elderly.

Key words: strontium ranelate; Protelos®; osteoporosis; bone resorption

OSTEOPOROSIS: A PERSPECTIVE

The lifetime risk for wrist, hip and vertebral
fracture — the characteristic sites of osteoporotic
fractures — has been estimated at 15%, which is
similar to that for coronary heart disease.'

In Europe there were 3.79 million osteoporotic
fractures in 2000, costing €31.7 billion.? In the
UK, osteoporosis results in over 310,000 fractures
annually, including 70,000 hip fractures, 70,000
wrist fractures and 120,000 vertebral fractures.®
The incidence of hip fracture is rising by 1-3%
per year in most parts of the world* and is
expected to increase from 1.66 million worldwide
(three-quarters of these in women) in 1990 to
more than 6 million cases per year by 2050.” The
incidence of hip fracture in women is twice that
in men in the UK and USA.*

Fractures can cause severe pain, disability,
restricted mobility and premature death.!
Although only about one-third of vertebral
fractures are clinically diagnosed® these fragility
fractures can cause outward curvature of the

thoracic spine, height loss, unexplained chronic
pain and functional difficulties, all of which can
compromise quality of life. In a prospective
study of 667 men and women with osteoporosis,
mortality was 4.4-fold higher in patients with
vertebral fractures than in those without.’

Hip fractures are the most devastating fracture;
10-20% of women die earlier than expected for
their age within the first year of sustaining a
fracture, and at 1 year hip fracture is associated
with 20% mortality, whilst 50% of patients are
unable to live independently.®

The World Health Organization has estimated
that, worldwide, osteoporosis affects 5% of
women and 2.4% of men under 50 years of age,
rising to 50% of women and 20% of men over
85 years of age.® In Europe, Japan and the USA,
more than 75 million people are affected by the
condition.! The prevalence is increasing with the
aging of the general population.®

The treatment of osteoporotic fractures
represents a huge — but preventable — economic
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burden. In the UK, the annual cost of providing
social care and support for patients sustaining
fractures is estimated at /1.8 billion.® The
hospitalisation and treatment of hip fractures
— which invariably require surgical repair or
replacement of the joint — costs the UK NHS over
£940 million annually.” Recent cost projections
suggest that osteoporotic fractures in women will
cost £2.1 billion (€3.04 billion) by 2010.'” Given
that 20-30% of symptomatic hip and spine
fractures occur in men in affluent countries a
further £0.5 billion can be added to this."

The importance of diagnosis

Osteoporosis 1s defined by the WHO as BMD
at least 2.5 SD below the mean BMD of the
young adult (T-score <-2.5).% These criteria were
specifically developed for the spine and/or hip
in postmenopausal women but are also likely to
apply to men.'? The predictive validity of BMD
for bone fracture is considered to be at least as
accurate as that of blood pressure for stroke.'

Given that osteoporosis is largely ‘silent’, in
the past the condition was not diagnosed until
a fracture occurred. However, it is now clear
that those who have had a previous low-trauma
or fragility fracture are much more likely to
have another. For example, adults who sustain
a fracture are 50-100% more likely to have a
further fracture, often within 1 year.'*

Thus, it is imperative that we identify
patients who are at risk of osteoporosis and
fragility fractures, and ensure that they receive
optimal advice and treatment to prevent first
and subsequent fractures.”” At-risk patients may
be identified opportunistically when wvisiting
healthcare professionals for other reasons, or by
a more systematic identification of patients from
practice records. The risk factors for osteoporosis
are shown in Table 1.
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Table 1. Risk factors for the development of

osteoporosis.® 1618

Genetic Female gender

Maternal history of hip fracture
Caucasian or Asian ethnicity
Old age (=65 years)

Low body weight (body mass index <19 kg/m?)

Demographic

Previous fracture after low-energy trauma

Hormonal Oestrogen deficiency (early menopause,
hysterectomy)
Hypogonadism (men)

Disease Rheumatoid arthritis

Ankylosing spondylitis

Hyperthyroidism

Crohn’s disease (which affects calcium
absorption)

Serious organ disease (congestive heart failure,
renal failure, chronic liver disease, chronic
pulmonary disease)

Low calcium intake (<500-850 mg/day)
Sedentary lifestyle

Behavioural/
Lifestyle
Vitamin D deficiency
Smoking
Excessive alcohol consumption (> 4 units
per day)*
Drug treatment Systemic glucocorticoids
Anticonvulsants
High-dose, long-term heparin

High-dose methotrexate as cancer therapy

*1 unit alcohol = 8.0 g

Management

Management of osteoporosis is multifaceted and

includes:

e lifestyle changes — smoking cessation, tailored
exercise programmes, and reductions in
alcohol consumption can slow the rate of bone
loss

e vitamin D and calcium supplementation,
particularly in the elderly

e reducing risk of falls, by correcting any eye
problems, and making the home environment
safer



DRUG PROFILE

e careful and vigilant use of glucocorticoids
e pharmacological treatments to prevent bone
loss:

— SR has a dual mechanism of action,
increasing bone mass by targeting bone
resorption and bone formation

— parathyroid hormone promotes new

bone formation by continually activating

osteoclasts
— bisphosphonates, selective oestrogen
receptor modulators and calcitonin inhibit

bone resorption.

PHARMACOLOGY

Osteoporosis results from an imbalance in bone
remodelling in which bone resorption exceeds
bone formation, such that the structural integrity,
and therefore strength of the bone, gradually
becomes compromised.

Mechanism of action

Bone turnover

In many ways SR meets the criteria for the
ideal anti-osteoporotic agent in that it has a
dual mechanism of action, both decreasing bone
resorption and maintaining or promoting bone
formation, thereby rebalancing bone turnover in
favour of bone formation. The dual mechanism
of action of SR is in contrast to other therapies
(alendronate, calcitonin, risedronate, raloxifene)
which alter the rate of bone remodelling and
lower the risk of fracture by reducing bone
resorption, but do not address the reduction in
bone formation that occurs within months of
initiating treatment, and parathyroid hormone,
which increases bone formation.

SR consists of two atoms of stable strontium
and one molecule of ranelic acid, which dissociates
in the gastrointestinal tract. The pharmacological
actions of SR are due to strontium, which is in the
same chemical group as calcium and displays a great
affinity for bone; following administration, strontium
1s almost exclusively deposited in the skeleton.

4

An i ovitro study in human osteoblasts
demonstrated that SR promotes bone formation
by stimulating preosteoblast proliferation, which
is predicted to increase bone matrix synthesis.'**
It also decreased osteoclast differentiation and
activity and thus bone resorption, an event
mediated by an increase in the expression of
osteoprotegerin mRNA in osteoblasts.!” The net
effect of these changes is reduced bone loss and
increased bone mass and strength.

SR may mediate at least some of its
pharmacological effects through the calcium-
sensing receptor expressed in osteoblasts, and
in particular, influences the replication of pre-
osteoblasts by its actions at this receptor.?!
Mechanisms via other receptors are also likely to
be involved.*

MicroCT analysis has shown that 3 years’
treatment with SR the
dimensional structure of cortical and trabecular

improved three-
bone, which slikely to improve the biomechanical
competence of bone and therefore reduce
fracture risk.”

Further studies have shown that SR does not
affect the degree of mineralisation; the effects of
SR on BMD appear to result from an increase in
bone mass, with strontium being deposited dose-
dependently into new bone structure units. Bone
strontium content reaches a plateau after 2-3
years of treatment,* but clinical improvements
in fracture risk increase beyond 3 years (see
below).

Biochemical markers of bone turnover

Biochemical markers for metabolic bone diseases
such as osteoporosis have a role to play in
clinical diagnosis and in measuring the efficacy
of therapy.* Markers for bone formation include
N-terminal propeptide of type 1 collagen (PINP),
which is produced by proliferating osteoblasts,
and bone-specific alkaline phosphatase. Markers
for bone resorption include the C-terminal
telopeptide of type 1 collagen (C'Tx), which has

the highest contribution from bone.*
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The early osteoanabolic effect of SR on bone
turnover was compared with teriparatide (TPTD),
a recombinant form of parathyroid hormone,
indicated for treatment of postmenopausal
women with osteoporosis who are at high risk
of fracture. In a multicentre, open label trial, 80
postmenopausal women with osteporosis were
randomised to receive 20 mcg per day teriparatide
or 2 g per day SR. Serum biochemical markers
of bone turnover were measured at baseline and
then at 1, 3 and 6 months. These included PINP
and alkaline phosphatase for bone formation,
and CTx for bone resorption. Also iliac bone
biopsies were taken for histomorphometric
analysis of cancellous, endocortical and cortical
bone. Results were expressed in terms of baseline
bone turnover (%MS/BS) and mean change
in bone markers at 6 months. There was no
statistically significant difference in overall bone
turnover between the two groups. Markers for
bone formation were increased in the TPTD
group with a rapid rise in PINP (131.26%,
p<0.005 vs baseline), whereas there was a slight
decrease in the SR group (—18.75%, p<0.005 vs
baseline). Markers for bone resorption (serum
CTx) were reduced in the SR group (—6.30%,
$<0.005 vs baseline ) but increased in the TPTD
group (110%, p<0.005 vs baseline). Indicators
of cortical porosity were higher in the
TPTD group.”” This study supports previous
findings that SR acts predominantly as an
anti-resorptive agent, thus maintaining bone
structural integrity.

Pharmacokinetics

Following oral dosing, SR shows low absorption
(25% bioavailability), distribution (1 L/kg) and
plasma protein binding (25%). It is eliminated
rapidly via the kidneys and gastrointestinal tract
and there is no evidence of metabolism.?

The elimination half-life of SR is 60 hours,
and steady-state concentrations are reached
after about 2 weeks of daily administration.
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Concentrations of strontium in bone plateau after
about 3 years of treatment.

SR is suitable for the elderly and for
patients with hepatic impairment or mild-to-
moderate renal impairment (creatinine clearance
30—70 mL/min) without dosage adjustment. SR
is not recommended for patients with severe
renal impairment (creatinine clearance below

30 mL/min).

Drug interactions

SR is not metabolised and is therefore unlikely to
interact with other drugs. To date, no evidence of
interaction has been detected with a number of
commonly prescribed drugs (e.g. diuretics, non-
steroidal anti-inflammatory drugs [NSAIDs],
cardiac glycosides, calcium-channel blockers,
B-blockers,
[ACE] inhibitors and oral anticoagulants).?®

angiotensin-converting enzyme
Aluminium and magnesium hydroxides
decreases the absorption of SR by 20-25%, and
it 1s therefore recommended that these agents
are not taken within at least 2 hours of SR
administration.”? SR may also form complexes
with oral tetracycline and quinolone antibiotics,
thereby reducing their absorption; concomitant
administration is therefore not recommended.

Dosing schedule

The recommended dose of SR is 2 g once
daily, administered orally. Once-daily dosing is
preferred by almost half of patients, and 1s likely
to improve compliance.”

The drug is supplied as granules, which should
be suspendedin water and consumedimmediately.
The bioavailability of SR is reduced by 60-70%
when administered with food, particularly diary
products. It is therefore recommended that SR is
taken at bedtime, and that calcium and vitamin
D supplements are taken in the morning. Food
or calcium supplements should not be consumed
within 2 hours of taking SR.



DRUG PROFILE

Correction of BMD measurements

Strontium attenuates X-rays to a greater extent
than calcium. As a result, BMD measurements
performed  using  dual-energy = X-ray
absorptiometry (DXA) will be overestimated and
require correction. A 1% strontium concentration
i vitro induces a 10% increase in BMD at the iliac
crest which 1s used as a proxy for the vertebral
concentration. However, the relationship between
bone strontium content at the iliac crest and the
hip is unclear.*

In a theoretical study, correction ratios ranged
from 9.0 to 10.8 for a variety of different DXA
systems according to the effective photon energy
of the X-ray beam.?! Measurements with single-
energy quantitative computed tomography
(SEQCT) also require adjustment. Thus, it is
important that BMD measurements in SR-treated
patients are adjusted for bone strontium content,
especially when interpreting DXA scans after

discontinuation of SR treatment.

CLINICAL EFFICACY
Stratos

The minimum effective dose of SR was
determined to be 2 g per day in the STRATOS
(Strontium Ranelate Treatment of Osteoporosis)
trial, involving 353 postmenopausal women with
osteoporosis. Inclusion criteria were a lumbar
T-score below <2.4, and at least one previous
vertebral fracture.”” Here we present only the
data from STRATOS relating to the clinical dose,
2 g daily. All women also received supplementary
calcilum (500 mg/day) and vitamin D (800 IU/
day).

The lumbar spine BMD increased by 2.97%
per year ()< 0.01 vs placebo) and femoral neck
BMD by 3.05% per year ($<0.01) over the 2
years of the study (Figure 1). During the second
year of treatment, 26.5% of women taking SR
experienced a new vertebral fracture, compared
with 47.3% of women in the placebo group, a

Figure 1. Mean changes in baseline in lumbar and
femoral neck bone mineral density over 2 years’
treatment with strontium ranelate, 2 g daily, or

placebo.??
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relative risk of 0.56. The authors suggested that it
takes at least 12 months for the anti-osteoporotic
effect of SR to emerge.

Urinary excretion of C-terminal telopeptide
of type I collagen (C'TX) decreased by 20.2%
during the first 6 months of treatment with
SR compared with 1.5% in the placebo group
(p<0.00)5).

Phase Il trials

The efficacy of SR in reducing osteoporotic
fractures has been demonstrated in two key
placebo-controlled, double-blind phase III studies:
e SOTI
Intervention)
e TROPOS
Osteoporosis).
The SOTI and TROPOS studies, which were
carried out simultaneously in the same centres,
investigated the efficacy and tolerability of SR,
2 g daily, to postmenopausal women with

(Spinal Osteoporosis Therapeutic

(Treatment of Peripheral

osteoporosis, with the main aim of demonstrating
a reduction in the number of postmenopausal
women sustaining a new osteoporotic fracture
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— either vertebral (SOTI) or non-vertebral
(TROPOS) — after 4 years’ (SOTI) and 5 years’
(TROPOS) continuous treatment with SR.*
Figure 2 shows the rationale behind patient
recruitment into either the SOTT or TROPOS
studies.

FIRST

All participants in the SOTI and TROPOS
studies took calcium (up to 1 g) and vitamin D
(400-800 IU) supplements for 2-24 weeks before
entering the double-blind treatment phase — the
Fracture International Run In for Strontium
Ranelate Trials (FIRST) — in an attempt to
normalise calcium and vitamin D status before
starting the main trial. These supplements were
continued throughout the double-blind treatment
period in both studies.

Figure 2. Decision flowchart for the inclusion of
patients in either the Spinal Osteoporosis Therapeutic
Intervention (SOTI) or Treatment of Peripheral
Osteoporosis (TROPOS) clinical trials.?

Caucasian woman, 50 years old,
at least 5 years postmenopausal
Lumbar DNA

>0.840 g/cm?

<0.840 g/cm?

| Vertebral radiographs |

Non
At least one Ifa* <74 —< gligibilit
vertebral not ! years § g
fracture

>74 years

' Non
[Hip DXA]~ >0.600 — < eligibility
I g/cm?

<0.600 g/cm?
'
DXA, dual-energy X-ray absorptiometry; FIRST, Fracture
International Run In for Strontium Ranelate Trials.
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SOTI

The SOTT study enrolled 1640 postmenopausal
women with osteoporosis and at least one vertebral
fracture.®* After 1 year of treatment, the rate of
new vertebral fractures was significantly lower in
the SR group than in the placebo group (6.4 uvs
12.2%; relative risk [RR] 0.51; number needed
to treat [NNT] 17; p<0.001). After 3 years, the
rate was 20.9 and 32.8%, respectively — a risk
reduction of 41% (RR 0.59, NNT 9; p<0.001).

At 3 years, non-adjusted BMD in the lumbar
spine, femoral neck and total hip increased
by 12.7%, 7.2% and 8.6%, respectively, from
baseline. These increases were significantly
greater than in the placebo group (differences of
14.4, 8.3 and 9.8% for the lumbar spine, femoral
neck and total hip, respectively; p<0.001). The
difference between the SR and placebo groups
remained significant when lumbar spine BMD
was adjusted for bone strontium content (6.8 vs
1.3%; p<0.001).

From 3 months onwards, serum concentrations
of bone-specific alkaline phosphatase (BSAP)
in the SR group were significantly greater than
in the placebo group, and CTX levels were
significantly lower (p<0.05).

The efficacy of SR on vertebral fracture
was sustained over 4 years, with a reported
33% reduction in vertebral fracture risk in the
SR group compared with the placebo group
(p<0.001).

Analysis of data from SOTI as part of a
Cochrane systematic review demonstrated a 52%
relative reduction in symptomatic or clinical
vertebral fractures over 1 year and 38% relative
reduction over 3 years (RR 0.48, 95% CI 0.29 to
0.80 at 1 year; RR 0.62, 95% CI1 0.47 to 0.83 at 3
years).? Overall, the reduction in the relative risk
of vertebral fractures was considered to be similar
to the 40-60% reported with other therapies.*

TROPOS
TROPOS is the longest placebo-controlled clinical
trial ever conducted in the field of osteoporosis

7
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management. It examined the effect of long-term
(5 years’) treatment with SR on vertebral and non-
vertebral fracture risk in 5091 postmenopausal
women with osteoporosis.*® The study population
was heterogeneous, and 29.9% of women had a
prevalent fragility fracture at baseline.

Over 3 vyears, treatment with SR was
associated with a 16% reduction in the relative
risk for non-vertebral fracture compared
with placebo (NNT 55; p=0.04). The risk of
sustaining a non-vertebral fragility fracture
(t.e. hip, wrist, pelvis, sacrum, ribs) was 19%
lower in the SR group than in the placebo group
(NNT 56; p=0.31).

In a subgroup of women designated as being
at high risk of such fractures because of their age
(74 years or older) and femoral neck BMD
(T-score <3 SD from normal), the relative risk of
hip fracture was reduced by 36% with SR (NN'T
48; p=0.046).

Preliminary reporting of the 5-year data
showed a reduction in relative risk of vertebral
fracture of 24% (RR 0.76; p<0.001) and a 15%
risk reduction in non-vertebral fracture.”” In the
high risk subgroup of women (mean age 79.2,
mean lumbar T-score < 4.2, mean femoral neck
T-score < 3.0), the hip antifracture efficacy of
SR was assessed at 5 years and demonstrated
a 43% reduction in relative risk of hip fracture
(RR 0.57; p=0.036).*® Thus, SR is the first anti-
osteoporotic treatment that has been shown to
reduce vertebral and non-vertebral fracture risk,
also hip fracture risk in a high risk group, over 5
years’ treatment.

Of those patients undergoing annual spinal
X-ray (n=3640), the risk of sustaining a new
vertebral fracture was reduced by 45% over 1 year
and 39% over 3 years with SR compared with
placebo (p<0.001 for both comparisons). In women
who had no vertebral fracture at baseline (n=2416),
the risk of a first vertebral fracture was reduced by
45% following treatment with SR (p<0.001).

Long-term treatment with SR was associated
with a significant increase from baseline in non-
adjusted BMD at the femoral neck and total hip
(3-year increases of 5.7 and 7.1%, respectively;
$<0.001 vs baseline). At 3 years, the corresponding
differences between the SR and placebo groups
were 8.2 and 9.8% for femoral neck and total
hip, respectively ($<0.001 for both comparisons
vs placebo).

Pooled analyses

Similar designs were used for the SOTI and
TROPOS studies so that the data could be pooled
to provide a larger dataset, thus enabling more
robust conclusions to be drawn. Post hoc analyses
of pooled data from the SOTI and TROPOS
studies showed that treatment-mediated increases
in BMD over 3 years’ treatment were associated
with a reduced incidence of new clinical vertebral
fractures.** Each 1% increase in BMD at the
femoral neck was associated with a 4% decrease
in the risk of ew clinical vertebral fracture®
and a 3% decrease (95% CI 1-5%) in new
vertebral fracture.”” Fach 1% decrease in total
proximal femur BMD was associated with a 2%
decrease (95% CI 1-4%) in risk of new vertebral
fractures. The 3-year changes in femoral neck
and total proximal femur BMD explained 76 and
74%, respectively, of the reduction in vertebral
fractures observed with treatment with SR. An
increase in femoral neck BMD at 1 year was
significantly associated with the reduction in
incidence of new vertebral fractures after 3 years
(p=0.04). Three-year changes in spine BMD were
not associated with the incidence of new vertebral
fracture, but a trend was found for femoral neck
BMD (p=0.09) and total proximal femur BMD
(p=0.07).*

Women experiencing new clinical vertebral
fractures gained less BMD (3.58%) at the
femoral neck than those without new vertebral
fractures (5.69%; p<0.01). Similarly, women who
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experienced a hip fracture gained less BMD at
the femoral neck than those without hip fracture
(3.4 vs 7.2%; p=0.02). Furthermore, increases in
BMD at the femoral neck and total hip at 1 year
induced by SR were predictive of a reduction in
the incidence of new clinical vertebral fractures
after 3 years’ treatment.*!

Finally, using the pooled data set from the
SOTI and TROPOS studies, the beneficial
effects of treatment with SR were shown to
be independent of age, initial BMD, prevalent
vertebral fracture, familial history of osteoporosis,
baseline body mass index and smoking status.*?

The Cochrane Collaboration has conducted
a systematic review of data from the STRATOS,
SOTI and TROPOS trials together with data
from the PREVOS study, an early trial of 1 g SR
daily for the prevention of early postmenopausal
bone loss.* The review concluded that there was
silver-level evidence to support the efficacy of SR
in reducing vertebral fractures in postmenopausal
women with osteoporosis and, to a lesser extent,
non-vertebral fractures, and in increasing BMD
in postmenopausal women with and without
osteoporosis.” In the treatment population
(STRATOS, SOTI and TROPOS; 5254
patients), there was a 41% relative reduction in
radiographic vertebral fractures over a 1 year
period and a 37% relative reduction over 3 years
(SOTT and TROPOS; 5082 patients) compared
with placebo (RR 0.59, 95% CI 0.46 to 0.74,
NNT 32 at 1 year; RR 0.63, 95% CI 0.56 to
0.71, NNT 13 at 3 years).

In terms of non-vertebral fractures, data
from the SOTT and TROPOS studies (n=6572)
demonstrated a 14% reduction over 3 years with
2 g SR daily compared with placebo (RR 0.86
95% CI 0.75 to 0.98, NNT 58).

SOTI/TROPOS extension study
Both the SOTI and TROPOS trials were

extended by a 3-year open label extension study
to assess the efficacy of 2 g/day SR treatment
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over 8 years. Only patients who had received SR
treatment continuously during the 8 year period
were included in the analysis. The lumbar and
femoral neck BMD increased continuously in
patients treated with strontium ranelate over 8
years, with a mean increase of 4.47% in lumbar
BMD which remained significant throughout
the entire 8-year period (p<0.001) (Figure 3).
The incidence of vertebral and non-vertebral
fractures over the 3-year extension period
(13.7%) was similar to the incidence observed in
SOTT and TROPOS at 3 years (11.5%), and was
not significantly different (p=0.94). These results
confirm a sustained eflicacy of strontium ranelate
over time, despite an increased risk with aging.
The safety profile over 8 years was in agreement
with previous findings.*

Efficacy in spinal osteoarthritis

A post-hoc analysis of a subgroup of patients
SOTI and TROPO

carried out to determine whether treatment

from the studies was
with SR for a 3-year period was effective in
delaying the progression of clinical and structural
osteoarthritis (OA). Patients included in this
analysis were 1105 women with osteoporosis and

Figure 3. Continuous increase in BMD over 8 years
at lumbar site and at femoral neck site (taken from
Reginster JY et al.*)
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concomitant spinal OA and for whom lumbar
X-rays were available at baseline and during the
3-year treatment period. Progression of spinal
OA was measured by the presence and severity
of osteophytes, an indicator of lumbar disk
degeneration, disc space narrowing and sclerosis
in the lumbar intervertebral spaces. Results were
graded to provide an overall OA score for each
intervertebral space. Back pain and quality of
life were also assessed. After 3 years only 9.9%
patients in the SR group suffered a progression
in the overall OA score compared to 17.1% in
the placebo group, and the proportion of patients
with an increase in the overall spinal OA score
was reduced by 42% in the SR group compared
with placebo (RR 0.58, p=0.0005). More patients
in the SR group experienced an improvement in
back pain compared with placebo, although no
overall difference in quality of life was observed.*”
Although the mechanism of action of SR in
reducing the progression of spinal OA is not
known, previous studies have indicated that in
addition to its effect on bone, SR also has a direct
effect on cartilage*™*’ to promote endochondral
ossification.

Quality of life

Quality oflife was assessed in the SOTT study using
the Quality of Life questionnaire in Osteoporosis
(QUALIOST), which women completed at
baseline and every 6 months throughout the
trial. The QUALIOST 1is a 23-item disease-
specific (vertebral osteoporosis) questionnaire
with a global score and emotional and physical
subscores. Data from a subset of 1240 women,
reported in abstract form, showed that, compared
with placebo, global, emotional and physical
scores were all significantly reduced after 3 years’
treatment with SR (p=0.016, p=0.019, p=0.032,
respectively), indicating that SR has a beneficial
effect on quality of life.* Furthermore, results
from the back pain assessment included in the
QUALIOST showed a significant improvement
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in back pain from the first year (p)=0.006) and a
reduction of 29% with SR compared with the
placebo group at 3 years.*

Efficacy in the elderly

The very elderly (= 80 years) are at a particularly
high risk of all types of fracture and, in particular,
non-vertebral fractures such as those of the hip,
humerus and wrist, partly because of decreased
bone strength but also because of increased
propensity to falls, resulting from impaired vision,
poor balance and lower muscle mass compared
with younger people.** Indeed, 60% of all hip
fractures occur in this population.” Data from the
SOTI and TROPOS studies were evaluated in a
pre-planned retrospective analysis to examine the
efficacy of SR in terms of its effects on fracture
risk in a population of 1488 women aged 80 years
and over (mean age: 83.5 years; mean lumbar
BMD T-score: —2.7; mean femoral neck BMD
T-score: —3.3).”!

Treatment with SR was associated with an
early and sustained reduction in both vertebral
and non-vertebral fracture. Thus, after 1 year
the risk of vertebral fracture and clinical vertebral
fracture was reduced by 59% (p=0.002) and
37% (p=0.002), respectively, compared with
placebo.”' The risk of non-vertebral fracture was
reduced by 41% (p=0.0027). These reductions
in fracture risk at 1 year were sustained with
continuing treatment over 3 years. Corresponding
risk reductions at 3 years were 32% (p=0.013),
22% (p=0.04) and 31% (p=0.011).

Recent data from the SOTI and TROPOS
trials suggest that the effects on fracture risk
are maintained for up to 5 years of continuous
SR treatment, the risk of vertebral and non-
vertebral fracture being reduced by 31% and
26%, respectively, compared with placebo.”

SR is the only antiosteoporotic drug that has
been shown to achieve an early and sustained risk
reduction (up to 5 years) in vertebral and non-
vertebral fracture in such an elderly population
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(= 80 years).”” These findings are particularly
relevant given that the frequency and complications
of fractures increase with advancing age. In
practice, osteoporosis is often not diagnosed or is
treated suboptimally in elderly patients. Indeed,
a recent report by the Information Centre for
Health and Social Care on standards of care for
osteoporosis and falls in primary care showed
that more than a quarter of older women with
diagnosed osteoporosis and a previous fracture still
do not receive appropriate drug treatment.”

SR 1s than the
bisphosphonates, and does not have any known

much easier to take

interactions with a wide range of drugs likely
to be coadministered in the elderly. Thus, SR
is clearly a useful drug for the treatment of this
at-risk population.

Efficacy in younger postmenopausal women
with severe osteoporosis

Early fractures in the first 10 years after
menopause can have a major impact on the
progression and impact of osteoporosis, and it
has been well established that initial fractures at
any skeletal site can significantly increase the risk
of a future additional fracture. Therefore, early
and sustained antiosteoporotic treatment has the
potential to reduce this ongoing fracture risk in
these women.
An analysis of a group of younger
postmenopausal women (aged 50-65 vyears;
mean age 60 years) enrolled in the SOTT trial
(n=353) was conducted to assess the impact
of early intervention with strontium ranelate
on fracture risk.” In addition, these younger
women had severe osteoporosis by virtue of their
low BMD T-scores at the lumbar spine (mean
T-score: —3.6) and the femoral neck (—2.5). More
than 80% of these women also had a prevalent
vertebral fracture at baseline, with nearly one-
quarter having prevalent non-vertebral fractures.
After 3 years of strontium ranelate treatment the
risk of vertebral fracture was reduced by 47%
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(RR 0.53; p=0.006). This reduction in fracture
risk was accompanied by a parallel increase in
BMD at the lumbar spine (13.7%; p<0.001)
and femoral neck (7.5%; no p-value reported).
The magnitude of the antifracture efficacy of
strontium ranelate in this younger population
was similar to that reported in the entire SOTI
patient population. Thus, in summary, strontium
ranelate has significant antifracture eflicacy in
younger women under 65 years of age with
severe osteoporosis and appears to have utility
in reducing fracture risk regardless of the age of
postmenopausal women.

SAFETY AND TOLERABILITY

Given that anti-osteoporotic medications are taken
for many years and do not produce symplomatic
improvement in the condition, it is important that
drugs cause minimal side effects, otherwise many
patients simply will not take them.

Safety data derived from controlled clinical
trials performed to date have shown SR to be
well tolerated, exhibiting a similar adverse event
profile to that of placebo. Table 2 shows the
adverse events reported most commonly during
the phase 3 placebo-controlled clinical trials of
SR. During the SOTI and TROPOS studies,

diarrhoea, nausea, headache and eczema/
Table 2. The most common* adverse events reported
during phase 3 clinical trials of strontium ranelate

(N=6669).3436

Adverse event Frequency (vs

placebo)

Nervous system disorders

Headache 3.0 vs 2.4%
Gastrointestinal

Nausea 6.6 vs 4.3%
Diarrhoea 6.5 vs 4.6%
Loose stools 1.1 vs 0.2%
Skin and subcutaneous tissue disorders

Dermatitis 2.1 vs 1.6%
Eczema 1.5vs 1.2%

*Common, >1/100 and <1/10 patients.
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dermatitis were reported more frequently in the
SR treatment groups than in placebo group over
the first 3 months of administration, although
such differences tended to resolve with continued
treatment.”* *® The safety profile of SR in a very
elderly population (aged =80 years) was similar
to that in younger patients, as demonstrated by
a subgroup analysis of this population from the
SOTI and TROPOS studies.”

The Cochrane systematic review pooled data
on adverse events from the STRATOS, SOTI
and TROPOS trials (n=6847).> There was no
significant difference in risk of withdrawal in
SR-treated patients compared with placebo
recipients. In terms of withdrawal due to adverse
events, 22% of SR-treated patients and 19.1%
of placebo-recipients withdrew and the number
of emergent adverse effects was also similar.
Serious adverse events occurred in 24.09% of
SR-treated patients and 23.97% of placebo
recipients (difference not significant).

Overall, diarrhoea occurred in 6.5% of
SR-treatedpatientsand4.7% ofplaceborecipients.
Gastritis occurred in 2.7% of SR-treated patients
and 3.4% of placebo recipients.

Additional data obtained suggested that the
risk of vascular system disorders including venous
thromboembolism and pulmonary embolism was
slightly increased with taking 2 ¢ SR daily for
3—4 years compared with placebo (two trials,
n= 6669; venous thromboembolism: 2.2% uvs
1.5%, OR 1.5, 95% CI 1.1 to 2.1; pulmonary
embolism: 0.8% ovs 0.4%, OR 1.7, 95% CI 1.0
to 3.1). The risk of nervous system disorders
such as headaches (3.9% vs 2.9%), seizures (0.3%
vs 0.1%), memory loss (2.4% vs 1.9%) and
disturbance in consciousness (2.5% vs 2.0%) was
also slightly increased.

Mean baseline serum creatine kinase levels
increased in both groups but the increase was
significantly greater in the SR group (31.3 £ 80.8
IU/L) than controls (13.1 £ 46.6 IU/L); estimated
difference = 18.2 IU/L (95% CI 14.8 to 21.6).

The serum creatine kinase levels were greater than
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the upper limit of normal on at least one occasion
in 29.4% (789/2680) of the SR group and 17.6%
(475/2705) of the controls (RR 1.68, 95% CI 1.52
to 1.85), providing evidence that SR may affect
skeletal muscle cell integrity and that targeted
surveillance 1s warranted. Further exploration and
quantification of these adverse effects will be useful.

The manufacturer recommends that SR is not
given to patients with severe renal impairment,
and, in line with good clinical practice, advocates
periodic assessment of renal function in
patients with chronic renal impairment.”® SR
should be used with caution in patients at
increased risk of venous thromboembolism,
including patients with a history of
thromboembolic events. The annual incidence of
venous thromboembolism reported during phase
3 studies was 0.7% over 4 years, with a relative
risk of 1.42 in patients taking SR compared with

placebo recipients.

Compliance

Although compliance in the SOTT and TROPOS
trials was relatively high at 80-93%,? compliance
with anti-osteoporotic medications in the clinic
tends to be poor, particularly with daily and
weekly formulations™ — as with many essentially
‘silent’ conditions in which a patient generally feels
well. Some patients find that the bisphosphonates
are particularly inconvenient to take, as they are
required to remain upright for at least 30 minutes
after taking the medication and cannot eat or
drink during this period.

A recent study of 2485 people (90.3%
women) over 55 years of age showed that almost
half (45%) preferred to take anti-osteoporotic
medications once daily rather than once weekly
or once monthly.? Furthermore, given the choice
between three different medication regimens,
those not currently using anti-osteoporotic
medication preferred a theoretical medication
that was daily and did not involve subsequent
fasting and maintaining an upright posture, as
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1s required with the bisphosphonates. Thus,
compliance with anti-osteoporotic medications
could be improved if patients are able to choose a
therapeutic regimen best suited to their particular
needs.” SR is likely to be preferred by a majority
of patients with osteoporosis given its convenient
once-daily administration.

Cost-effectiveness

PS5 used a Markov cohort model

Borgstrom et a
populated with Swedish cost and epidemiological
data, and with a societal perspective, to
estimate cost-effectiveness for two populations
corresponding to the two populations in the SOTI
and TROPOS trials. Thus, for 69-year-old women
with low BMD and vertebral fractures (equivalent
to patients in the SOTT study) in the base case
analysis, the cost per quality-adjusted life years
(QALY) gained for treatment with SR compared
with no treatment was estimated at SEK472,686
(€50,496) (SOTT) when costs in added life years
were included, and SEK336,420 (€35,950) when
these latter costs were excluded. For 77-year old
women with low BMD (TROPOS) the costs
were SEK259,643 (€27,743) and SEK165,680
(€17,710), respectively. Thus the analysis showed
that, compared with no treatment, SR is cost-
effective in the treatment of postmenopausal
women with low BMD.

Stevenson ¢ al'’, in a Health Technology
Assessment, used an updated version of the
Sheffield Health Economic Model

Osteoporosis populated with absolute risk of

for

fractures using an algorithm being developed for
the World Health Organization and supplied in
confidence to the authors. SR provided gains in
QALYs compared with no treatment in women
with sufficient calcium and vitamin D intake. The
size of the QALY gain for each intervention was
strongly related to the absolute risk of fracture.
They concluded that SR is cost-effective for the
treatment of women at relatively high risk of
osteoporotic fracture.
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A probabilistic sensitivity analysis, using
eficacy data from the randomised controlled
trials, suggested that SR may be less cost-effective
than alendronate. However, this analysis had
some limitations, in terms of analysing the
cost-effectiveness of anti-osteoporotic agents in
general, and SR in particular. The authors point
out that the evidence base for the T-score by
age of the general female population needs to
be strengthened, particularly in women over
the age of 80 years, and that the prevalence of
risk factors associated with fracture rates, over
and above that provided by BMD, also needs to
be significantly strengthened to ensure that the
estimated number of women that could be cost-
effectively treated 1s accurate.

Furthermore, studies in the USA have shown
that only 24% of patients taking bisphosphonates
and 18% of patients taking raloxifene were still
taking their medication at 1 year.”® Data on
compliance and continuance with SR outside
of clinical trials are not yet available, but the
easier dosing with SR and lack of gastritis
in particular are likely to be key factors that
improve continuance with SR compared with
the bisphosphonates, and may well increase the
apparent cost-effectiveness of this agent in the
long run.

The time-horizon of the model was, by
necessity, restricted to 10 years.!” However, as the
time course over which younger women are likely
to take anti-osteoporotic medications for primary
prevention is likely to be longer than this, there
is a need to examine cost-effective over a longer
period of time.

Clearly, analysis of the cost-effectiveness of
the treatment of osteoporosis is highly complex.
However, at a simplistic level, if one considers
that all the anti-osteoporotic medications reduce
fracture risk to a similar extent when taken
under controlled clinical trial conditions, one can
expect differences in cost-effectiveness between
the various agents to be affected largely by
factors such as tolerability, compliance, quality
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of life and drug cost. Alendronate is the only
anti-osteoporotic medication that is available as
a generic formulation and it 1s therefore perhaps
inevitable that it will appear to be more cost-
effective than the proprietary agents. One must
also bear in mind that the body of evidence
relating to long-term tolerability and concordance
with drugs such as the bisphosphonates is well-
developed, whereas this is not the case with
newer agents; it 13 these factors, combined with
long-term efficacy in reducing fracture risk that

will be critical in determining the true long-term
cost-effectiveness of the newer agents.

Persistence with treatment in patients with
osteoporosis is generally low,'” and clearly a
drug that is not taken cannot be effective. Given
that patient preference in terms of tolerability
and dosing regimen may improve compliance,”
it 1s appropriate to discuss these issues with
patients before selecting a drug treatment, in
order to increase the likelihood of achieving
clinical benefit.

KEY POINTS

Strontium ranelate is an anti-osteoporotic agent with an innovative mechanism of action, and is indicated
for the treatment of postmenopausal osteoporosis to reduce the risk of vertebral and hip fractures.

By promoting bone formation and reducing bone resorption, strontium ranelate uncouples the bone
remodelling process in a favourable manner.

Compared with placebo, strontium ranelate significantly increases BMD in postmenopausal women with
osteoporosis and may also reduce progression of spinal OA..

Postmenopausal women with osteoporosis had a significantly reduced risk of vertebral and non-vertebral
fracture following 5 years of continuous treatment with strontium ranelate. This effect is sustained up to
8 years, despite an increased risk with aging.

The risk of vertebral and non-vertebral fractures is significantly reduced in very elderly women (> 80
years) with osteoporosis

Strontium ranelate is well tolerated, with an adverse event profile closely resembling that of placebo.
Gastrointestinal effects, including diarrhoea, are mild-to-moderate in severity and tend to resolve during
the first 3 months of treatment.

As strontium ranelate is a divalent cation it is not metabolised. Therefore, it has limited potential for
interaction with other commonly administered drugs.
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