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Abstract Background: Strontium ranelate is indicated for the treatment of postmeno-

pausal osteoporosis. An association between strontium ranelate and venous

thromboembolism (VTE) was identified in an analysis of phase III clinical

trials.

Objective: To estimate the incidence of VTE in patients within the strontium

ranelate (Protelos�) Prescription-Event Monitoring (PEM) study cohort

during the first 12 months after starting treatment.

Methods: Patients in this analysis were identified from dispensed prescrip-

tions that had been issued by general practitioners (GPs) in England for

strontium ranelate between October 2004 and January 2008. For each in-

dividual patient, a Green Form questionnaire was sent to their GP 12 months

after the date of the first prescription issued for strontium ranelate, requesting

information about the patient including start and stop dates of treatment

(if stopped), age, sex, indication, any history of VTE events, reasons for

stopping and whether the patient had any events since starting the drug.

VTE was defined as reports of deep vein thrombosis (DVT) or pulmonary

embolism (PE). The crude incidence of VTE was calculated for events that

occurred during the first 12 months after starting treatment (plus 30 days

after stopping), with 95% Poisson exact CIs for the whole cohort, and subsets

defined by age and past history of VTE.

Results: The final analysis cohort consisted of 10 782 patients. Where

specified, mean age was 73.3 years (SD 11.45) [n = 10 696]; 9833 (91.3%) were

female and 934 (8.7%) were male. Where the history of VTE was specified,

233 patients (2.6%) had a history of VTE prior to starting. In the first

12-month period, there were 48 incident reports of VTE (DVT or PE) during

treatment (or within 30 days of stopping) in the cohort, with 7696.89 years of

exposure, giving a crude incidence rate of VTE of 6.24 cases (95% CI 4.60,

8.27) per 1000 patient-years exposed.
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Conclusions: This analysis has provided an estimate of the incidence of VTE

in patients treated with strontium ranelate in the general practice setting. The

rate is similar to estimates in populations of similar age and corresponds to

the incidence found in patients from phase III clinical studies and observa-

tional cohort studies of strontium ranelate on this topic. The crude annual

incidence rate of VTE in the PEM cohort is higher than the background

annual incidence rate found in the UK population, but is similar to estimates

in populations of similar age and populations receiving treatment for post-

menopausal osteoporosis. Also, we acknowledge the potential for under-

estimating the incidence in this population. Nevertheless, this analysis contributes

to the ongoing postmarketing safety assessment of this product.

Background
Strontium ranelate (Protelos�) is licensed in

the UK for the treatment of postmenopausal
osteoporosis to reduce the risk of vertebral and
hip fracture.[1] Strontium ranelate has a dual
mode of action and works by increasing bone
formation and reducing bone resorption. An
analysis of phase III clinical trials identified that
there was an increase in the reporting of terms
related to embolus and thrombosis in patients
treated with strontium ranelate compared with
placebo.[2] The Summary of Product Character-
istics (SPC) records the annual incidence of venous
thromboembolism (VTE) in phase III studies
over 5 years as approximately 0.7%, with a re-
lative risk of 1.4 (95% CI 1.0, 2.0) in patients
treated with strontium ranelate compared with
placebo.[1] A study investigating haemostatic
safety of strontium ranelate found no increase
in markers of prothrombotic activity in patients
treated with strontium ranelate; however, this
was a study of very short duration and on a
small population.[3] Another study using a self-
controlled case series approach in theGeneral Prac-
tice Research Database (GPRD), estimated the
age-adjusted rate ratio of VTE events in patients
treated with strontium ranelate to be 1.1 (95% CI
0.2, 5.0); however, no information on the in-
cidence of VTE in this population was pro-
vided.[4] Recently, another study has estimated
the incidence of VTE in a population of stron-
tium ranelate users to be 7.0 per 1000 patient-
years, with an adjusted hazard ratio of 1.1 (95%

CI 0.6, 2.0) for treated versus untreated osteo-
porotic women.[5]

VTEmanifests as deep vein thrombosis (DVT)
and pulmonary embolism (PE), which are related
but distinct elements of the same dynamic pro-
cess.[6,7] DVT occurs after thrombus formation in
the deep veins, and PE occurs if a thrombus is
dislodged and blocks the pulmonary artery.[6,7]

A recent study estimated the incidence of VTE
in patients aged 20–79 years in UK general
practice and found it to be the equivalent of 0.75
per 1000 person-years.[8] Other studies have
estimated the incidence of VTE in the general
population to be 0.7–1.1 per 1000 person-years.[9]

Risk factors for the development of VTE include
immobilization, surgery, trauma, cancer, over-
weight, prior VTE, and use of oral contra-
ceptives, hormone replacement therapy and oral
corticosteroids.[8,10-13]

Prescription-event monitoring (PEM) is a
non-interventional observational cohort techni-
que conducted by the Drug Safety Research
Unit (DSRU) to monitor the safety of newly
marketed drugs prescribed in general practice
in England.[14] Cohorts often comprise over
10 000 patients, and provide details on the
characteristics of patients prescribed the med-
ication as well as clinical information, including
events reported during treatment and reasons for
stopping.[14]

The aims of this study were to provide an es-
timate of the incidence of VTE (DVT and PE) for
the whole strontium ranelate PEM cohort, and to
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determine any differences in incidence between
subsets of patients defined by age, sex and past
history of VTE.

Methods

A PEM study was conducted to monitor the
safety of strontium ranelate (Protelos�) as used
in general practice in England. The methods of
PEM are reported elsewhere.[14] Patients were
identified from dispensed prescriptions that had
been issued by general practitioners (GPs) for
strontium ranelate between October 2004 and
January 2008. For each individual patient, a
Green Form questionnaire was sent to their GP
12 months after the date of the first prescription
issued for strontium ranelate requesting in-
formation, including start and stop dates of
treatment (if stopped), age, sex, indication, any
history of VTE events, suspected adverse drug
reactions, reasons for stopping and whether the
patient had any events.1 In this analysis, cases of
VTE were defined as patients that had DVT or
PE recorded on the Green Form. Reports of
DVT and PE were followed up for further in-
formation. Green Forms for events that may be
indicative of, or potentially related to, DVT or
PE (e.g. swollen ankles, cramp, leg pain/swelling)
were also reviewed and followed-up as appro-
priate to identify whether DVT or PE were asso-
ciated with these events.

Analysis

Summary statistics of the demographic char-
acteristics of the subjects in the cohort and the
subsets of patients who were cases were calcu-
lated. Differences between categorical variables
were tested using Pearson’s chi-squared (w2) test,
and differences between continuous variables
were tested using parametric two-sample t-tests,
where appropriate. Associations between vari-
ables were examined using univariate (Mantel-
Haenszel) analysis.

Time-to-Event Analysis

Eligible cases were those VTE events that oc-
curred during treatment. Cases reported within
30 days of stopping if the patient stopped treat-
ment were also included. If follow-up informa-
tion revealed that the patient did not have DVT
or PE, they were excluded as cases from the
analysis, but contributed person-time. Events
that had no further information from follow
up were included in the final analysis, as one
could not exclude the possibility that the event
occurred.

In order to estimate the crude annual incidence
of VTE during treatment with strontium ranelate
in this population it was necessary to determine
the treatment exposure period for each patient,
which was calculated as the difference between
the 30th day after stopping (or end of survey date
for patients who had not stopped) and the start
date. Where events occurred within 30 days after
stopping, for those patients time at risk was cen-
sored at event date and not stop date. For missing
stop dates, imputations were used that took into
account the start date, reason for stopping, event
dates, last prescription date, standard number of
days’ therapy for one prescription, latest pre-
scription date (where more than one prescription
was issued for each patient during study ob-
servation period), and median time on drug for
all patients and patients who stop therapy. For
patients with a VTE event, patient-years exposed
was calculated up to the date of the event; for
events with a missing event date, the median time
to onset was used. This information was used
to create the denominator of years’ exposure to
strontium for the whole cohort, and the crude
annual incidence rate was calculated as the
number of cases per 1000 patient-years exposed,
with 95% Poisson exact CIs, within the first
12 months after starting treatment. If patients
had both DVT and PE, only the incident event
was used in the analysis of VTE events. Cumu-
lative hazard estimates were also calculated in

1 An ‘event’ in PEM is defined as ‘‘any new diagnosis, any reason for referral to a consultant or admission to
hospital, any unexpected deterioration (or improvement) in a concurrent illness, any suspected drug reaction, any
alteration of clinical importance in laboratory values or any other complaint that was considered of sufficient
importance to enter in the patient’s notes.’’
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order to examine the time to event of VTE events
during the treatment period. Data were stratified
according to sex, age (£69 years, 70–79 years,
‡80 years) and past history of VTE and stratum-
specific incidence rates examined.

A Microsoft SQL query was used to retrieve
data from the DSRU PEM database, followed by
analysis using STATA 10 (StataCorp, College
Station, TX, USA).

Causality Assessment and Sensitivity Analysis

For cases where follow-up information was
returned by the GP, causality assessments were
performed by two research staff, of which at least
one was medically qualified. An assessment of
probable, possible, unlikely or unassessable as-
sociation to strontium ranelate was provided
for each case. This assessment took account of
whether the event was the reason for stopping
therapy, concurrent medication, concurrent dis-
orders, resolution of symptoms after withdrawal
of strontium ranelate (with or without specific
treatment of such symptoms), recurrence or ab-
sence of symptoms after re-exposure to the med-
icine, previous history of similar problems, or
another specified cause.[15]

A sensitivity analysis was performed by re-
stricting the analysis to include those cases as-
sessed as probable, possible and unassessable, in
order to examine the impact of such restriction on
the crude annual incidence rate. Unassessable
cases were incomplete cases that had insufficient
information to determine if the event was related
to strontium ranelate, although the event was
reported to have occurred whilst taking the drug.
Unlikely cases were excluded from this analysis
as they were considered not to be associated with
strontium ranelate use. Statistical analysis was
performed using STATA 10.

Ethics

This PEM study was conducted in accordance
with the International Ethical Guidelines for
Biomedical Research prepared by the CIOMS in
collaboration with the WHO (2002).[16] The
method of study also complies with the Guide-
lines on the Practice of Ethics Committees in

Medical Research involving Human Subjects, as
issued by the Royal College of Physicians.[17] In
addition, PEM is mentioned in the ‘Frequently
Asked Questions’ section of the General Medical
Council booklet ‘Confidentiality: Protecting
and Providing Information’ as ‘‘a professional
organization that monitors the safety of medi-
cines to which doctors should provide relevant
information from patients’ records wherever
possible.’’[18]

Results

PEM Study Cohort Summary Data

Green Form questionnaires were sent to GPs
for 23 832 patients and 12 642 forms were re-
turned, giving a response rate of 53.0%. There
were 1687 questionnaires classified as void (13.3%
of returned questionnaires). The strontium rane-
late PEM cohort consisted of 10 865 patients.
For 83 patients, the information about dose
indicated that they may not have been using
strontium ranelate and therefore they have not
been included in this current analysis. As a result,
10 782 patients were included. Patient character-
istics are summarized in table I. The median
duration of treatment for the whole cohort for
the total analysis period was 399 days (inter-
quartile range [IQR] 118–510).

Annual Incidence Rate of Venous
Thromboembolism (VTE) in the Patient Cohort

Within the whole PEM study period, the
number of reports of DVT received on the Green
Form questionnaires was 44, while there were 24
reports of PE. Overall, there were 68 VTE events
reported in 67 patients (59 females and 8 males),
although one patient had both a DVT and PE
event so this will only count as one VTE event in
the analysis. No additional cases of VTE were
identified from following up events that may have
been indicative of DVT or PE (e.g. swollen an-
kles, cramp, leg pain/swelling). For eight patients
receiving follow-up, the GP had indicated that
tests had ruled out a diagnosis of DVT or PE, and
these events were not included in the analysis
(table II). There was no significant difference in
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the pattern of time to onset between the DVT and
PE cases (t-test; p= 0.2222). The distribution of
time to onset over the total analysis period for the
59 VTE cases was as follows: median 174 days
(IQR 73–326); mean 208.03 days (SD 158.00).
The distribution of time to onset over the total
analysis period between the 38 DVT cases and 22

PE cases was not significantly different (t-test;
p = 0.2222) [DVT: median 197.5 days (IQR
74–285); mean 206.87 days (SD 161.98), vs PE:
median 234 days (IQR 131–351); mean 239.32
days (SD 161.98)].

During the first 12-month analysis period,
there were a total of 48 incidents of VTE events

Table I. Summary characteristics of total cohort, venous thromboembolism (VTE) cases and non-cases within the first 12-month analysis

period

Characteristics VTE cases

(n = 48)

Non-cases

(n = 10 734)

p-Value Total cohort

(n = 10 782)

Age at start of treatment (y)

£69 [n (% of age specified)] 7 (14.89) 3569 (33.51) w2; df(2); p = 0.012 3576 (33.43)

70–79 [n (% of age specified)] 17 (36.17) 3642 (34.20) 3659 (34.21)

‡80 [n (% of age specified)] 23 (48.94) 3438 (32.28) 3461 (32.36)

Mean age (SD) 78.36 (8.34) 73.24 (11.46) t-test; p = 0.0011 73.26 (11.45)

Not known (% of stratum total) 1 (2.08) 85 (0.79) 86 (0.80)

Sex [n (%)]

Males 7 (14.58) 927 (8.65) w2; df(1); p = 0.145 934 (8.67)

Females 41 (85.42) 9792 (91.35) 9833 (91.33)

Not known (% of stratum total) 0 15 (0.14) 15 (0.14)

History of VTE [n (% of history of VTE specified)]

Yes 5 (11.63) 228 (2.58) w2; df(1); p < 0.0001 233 (2.62)

No 38 (88.37) 8612 (97.42) 8650 (97.38)

Not known (% of stratum total) 5 (10.42) 1894 (17.64) 1899 (17.61)

v2 = chi-squared; df = degrees of freedom; ND = no data; SD = standard deviation.

Table II. Summary of no. of cases identified with venous thromboembolism (VTE) events in the total Prescription-Event Monitoring (PEM)

study period and the incidence of VTE events in the first 12-month analysis period

Incident event Total PEM study perioda First 12-month analysis period

no. of cases initially

reported during

treatment or within

30 days of stoppingb

no. of cases during

treatment or within 30

days of stoppingb,c

no. of cases during

treatment or within

30 days of stoppingb

patient-years

exposed

Annual incidence per

1000 patient-years’

treatment (95%
Poisson exact CI)

VTE (DVT or PE) 67d 59c 48 7696.89 6.24 (4.60, 8.27)

DVT 44e 38d 31 7700.17 4.03 (2.74, 5.71)

PE 24f 22e 17 7707.80 2.21 (1.28, 3.53)

a Because of the time at which questionnaires were returned, the total time exposed was often >12 months.

b There were three events reported in three separate patients off-drug within 30 days after stopping; one DVT occurred 12 days after

stopping, and two PEs (15 and 17 days after stopping). These three patients contributed 73, 131 and 21 days of patient-time exposed and

all three were included within the first 12-month analysis.

c Excluding cases which, on follow-up, had not occurred.

d One patient had DVT and PE recorded and is only counted once in the combined VTE group.

e For six patients with DVT, follow-up revealed that DVT was excluded; therefore, these patients were not included in any further analysis.

f For two patients with PE, follow-up revealed that PE was excluded; therefore, these patients are not included in any further analysis.

DVT = deep vein thrombosis; PE = pulmonary embolism.
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(31 DVT, 17 PE events) in the PEM cohort. The
characteristics of patients with a VTE (cases) and
those patients who did not experience a VTE are
summarized in table I. Where age was reported,
being aged ‡80 years was significantly associated
with being a case {w2; degrees of freedom (df)[2];
p= 0.012}; the mean age of cases being sig-
nificantly greater (t-test; p= 0.0011) than the
mean age of the rest of the cohort. Sex was not
associated with being a case (w2; df[1]; p= 0.145),
although there was a higher proportion of males
who were cases than non-cases (14.58% vs
8.65%, respectively). A history of VTE was sig-
nificantly associated with being a case (w2; df[1];
p< 0.0001). The proportion with a history of
VTE observed for the cases was over 4-fold
greater than that for non-cases (risk ratio 4.51
[95% CI 1.96, 10.38]).

The crude annual incidence of VTE was 6.24
cases (95% CI 4.60, 8.27) per 1000 patient-years
exposed (table II). When data were stratified by
age, the crude annual incidence rate of VTE in
patients aged <70 years (n = 7) was 2.68 cases
(95% CI 1.08, 5.52); in those aged between 70 and
79 years (n = 18) the rate was 6.47 cases (95% CI
3.77, 10.35) per 1000 patient-years exposed; and
for patients aged ‡80 years (n = 23) the rate was
9.63 cases (95% CI 6.11, 14.45). Stratification
of data by history of VTE revealed estimates
of 32.60 cases (95% CI 10.59, 76.09) per 1000
patient-years exposed in patients with a past
history of VTE, and 6.11 cases (95% CI 4.33,
8.39) per 1000 patient-years exposed in patients
without a history of VTE. When the annual
incidence rate between female and male cases
was examined, the crude annual incidence rate
of VTE in female patients (n = 41) was 5.83
cases (95% CI 4.19, 7.92) per 1000 patient-
years exposed, while the corresponding esti-
mate for male patients (n = 7) was 10.61 (95%
CI 4.26, 21.85).

Time-to-Event Analysis

The distributions of times to onset for the
12-month analysis of VTE cases, for the whole
PEM cohort and for the various subsets of
patients, are given in figure 1.

Figures 2–5 show the cumulative hazard esti-
mates for VTE events in the first 12 months of
treatment for the whole cohort, and for the dif-
ferent strata defined by age, sex and past history
of VTE. Whilst for each graph and each stratum
the rate of VTE event appears fairly constant
over time and appears to diverge between the age
categories and VTE history, this separation is not
significant until after month 10 (95% CI data
not shown on the figures). There was statistical
evidence of a difference in the estimate of time
to event between strata defined by age (log rank
test; p = 0.0073), with more cases observed
than expected in the older age group (23 vs 14.72,
respectively), and by past history of VTE
(log rank test; p = 0.0001), with more cases
observed than expected in those with a past his-
tory of VTE (5 vs 1.02, respectively). There was
no difference between the strata defined by sex
(log rank test; p = 0.1424). Note that the median
survival time cannot be estimated using these
graphs.

Causality Assessment and Sensitivity Analysis

Follow-up information was returned for 57 of
the 67 patients with DVT or PE initially reported
during the total PEM study period, although 8 of
the 67 patients were later found to have not ex-
perienced a VTE event. When causality assess-
ments were performed on the events, there was
one event assessed as probably related to stron-
tium ranelate and seven possibly related (see table
III for information about these cases reported
during the whole PEM study period). For all re-
ports of VTE, the most commonly reported risk
factors were immobility and fracture.

A sensitivity analysis was performed on cases
other than those assessed as unlikely to be related
to strontium ranelate, hereafter referred to as
‘assessed’ cases. There were 17 assessed cases in
total, of which 12 occurred within the 12-month
analysis period. A past history of VTE was sig-
nificantly associated with being an assessed case
(w2; df[1]; p= 0.002; 16.67% vs 2.60%), whilst sex
was not significantly associated (w2; df[1];
p = 0.966). There was a tendency for assessed
cases to be older, but not significantly so
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(w2; df[1]; p = 0.338). When compared with the
reported VTE events, there was no difference in
the distribution of age, past medical history or sex
(all p> 0.05). No significant difference was found
in the distribution of time to onset of VTE events
between reported and assessed events for the
whole cohort (t-test; p = 0.8562). The crude in-
cidence rate of VTE for assessed cases in the 12-
month analysis period was 1.56 cases (95% CI
0.80, 2.72) per 1000 patient-years exposed. In-
cidence rates for strata defined by age, sex and
past medical history of VTE were not calculated
because of small numbers within each stratum. It
is important to note that these assessed cases in-
clude those nine cases that could not be given a
causality classification because of incomplete in-
formation, and which may not have been related
to strontium ranelate.

Discussion

This analysis has estimated the crude annual
incidence rate of VTE within this population of
patients prescribed strontium ranelate by GPs as
6.24 cases (95% CI 4.60, 8.27) per 1000 patient-
years exposed. This is similar to the recent UK
GPRD study by Breart et al.,[5] in which the crude
annual incidence of VTE in strontium ranelate-
treated osteoporotic women (n = 2408) was 7.0
per 1000 patient-years. These estimates are both
higher than a recent background rate estimate
of the incidence of VTE in 20- to 79-year-olds in
the general UK population (which comprise
treated and untreated patients, and patients
without osteoprosis) of 0.75 reports per 1000
patient-years.[8] However, of note is that both
strontium ranelate studies consisted of mainly

Median 148.5 days (IQR 68–219.5) [n = 48]

Median 89 days (IQR 23–168) [n = 7] 

Median 164 days (IQR 98–275) [n = 17] 

Median 121 days (IQR 43–214) [n = 23] 

Median 98 days (IQR 74–228) [n = 7]

Median 164 days (IQR 63–219) [n = 41] 

Median 164 days (IQR 136–285) [n = 5]

Median 118 days (IQR 67–219) [n = 38]

Total cohort

70–79

Males

Females

Yes

No

≥80

≤69

Age (y)

Sex

History of VTE

0 60 120 180

Treatment period (days)

240 300 360

Fig. 1. Box plots of distribution of time to event for venous thromboembolism (VTE) cases within the first 12-month analysis period for the
strontium ranelate cohort, by risk factor (age, sex, history of VTE). The boxes represent the interquartile range (IQR) and the whiskers
represent the minimum and maximum treatment period.
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older individuals (PEM cohort: mean age 73.26
years [SD 11.45]; UK GPRD strontium ranelate
cohort: mean age 74.1 years [SD 10.1]), and epi-
demiological investigations have demonstrated
that increasing age leads to an exponential in-
crease in VTE risk.[9] The UK GPRD study by
Huerta et al.[8] provided a background rate
estimate of 2.3 cases per 1000 patient-years in

patients aged 70–79 years. The recent UKGPRD
study by Breart et al.[5] reported annual incidence
rates of 5.2 per 1000 patient-years for women
aged between 75 and 80 years without osteopor-
osis, and of 7.2 per 1000 patient-years for women
of a similar age with untreated osteoporosis.
Other estimates, outside of the UK, of the back-
ground annual incidence of VTE in patients
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Fig. 2. Nelson-Aalen cumulative hazard plot for venous thromboembolism events (deep vein thrombosis or pulmonary embolism) in the first
12 months since starting treatment for the whole strontium ranelate cohort.
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Fig. 3. Nelson-Aalen cumulative hazard plots for venous thromboembolism events (deep vein thrombosis or pulmonary embolism) in the first
12 months since starting treatment for the strontium ranelate cohort, by age.
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aged 70–79 years range from 3.0 to 7.0 cases per
1000 patients,[8,9,19] and increases to ten cases per
1000 patients in older individuals.[19] Other in-
vestigators have also provided similar estimates
and shown the background annual incidence rate
to be 4.1 per 1000 patient-years in patients aged

>65 years,[20] and 7 per 1000 patient-years in
patients ‡85 years.[21] Stratification of the PEM
data by age provides estimates of 2.68, 6.47 and
9.63 cases per 1000 patient-years exposed for
strontium ranelate-treated patients aged £69 years,
70–79 years and ‡80 years, respectively; these
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Fig. 4. Nelson-Aalen cumulative hazard plots for venous thromboembolism events (deep vein thrombosis or pulmonary embolism) in the first
12 months since starting treatment for the strontium ranelate cohort, by sex.
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Fig. 5. Nelson-Aalen cumulative hazard plots for venous thromboembolism (VTE) events (deep vein thrombosis or pulmonary embolism) in
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estimates were similar to estimates reported else-
where.[5,8,9,19-21] Some of the variation in these
estimates may be due to the differences in the age
cut-offs, definitions used and the populations
studied; however, our data support increasing
age as an important risk factor relevant for VTE.

The annual incidence of VTE events reported
in phase III clinical studies of strontium ranelate
over 5 years is estimated to be 0.7%,[1] which is
equivalent to seven cases per 1000 patient-years
exposed. The current crude incidence from the
strontium PEM cohort appears to be similar at
6.24 cases per 1000 patient-years exposed. This
current analysis may still underestimate the in-
cidence of VTE in patients taking strontium ran-
elate. It is noteworthy that there is likely to be a
difference in the recording and reporting of ad-
verse event data between clinical trials compared
with observational studies.[14] It is also important
to acknowledge the differences in study setting;
published data previously mentioned are derived
from other observational studies conducted in
various countries in which differences in diag-
nosis in clinical practice and case definition are
likely. In this analysis of PEM data, a narrow
case definition was used that relied on the GP
specifying that the patients had a DVT or PE on
the Green Form; however, these events are re-
cognized to be clinically difficult to diagnose.[7]

With regard to available data from the UK,
the incidence rates in this PEM cohort ap-

pear higher than that seen in the general UK
population.[8]

These data should also be considered in rela-
tion to other treatments for postmenopausal
osteoporosis. The MORE (Multiple Outcomes of
Raloxifene Evaluation) and RUTH (Raloxifene
Use for The Heart) clinical trials have evaluated
the incidence of VTE with long-term raloxifene
treatment. In the MORE study, the incidence of
VTE in the first year of treatment with raloxifene
was 5.1 per 1000 woman-years, compared with
0.8 per 1000 woman-years for the placebo
group.[22] The RUTH study determined the an-
nualized incidence of VTE with raloxifene as
0.39%, which is equivalent to 3.9 cases per 1000
patient-years exposed, compared with 2.7 cases
per 1000 patient-years exposed in the placebo
group.[23] It should be noted that, in both the
MORE and RUTH studies, patients were
younger than in other osteoporosis studies, with a
mean age of 66 and 55 years, respectively, and
that history of VTE was an exclusion criteria for
participating in both studies. The SPC for ralox-
ifene (Evista�) states that VTE events occurred
at a frequency of approximately 3.22 cases per
1000 patient-years across all placebo-controlled
trials.[24] Alendronate is a bisphosphonate in-
dicated for the treatment of postmenopausal
osteoporosis to prevent fractures.[25] A recent
GPRD study has estimated the annual incidence
of VTE in postmenopausal women receiving

Table III. Summary of causality assessments (possible and probable) for venous thromboembolism (VTE) events reported during the total

Prescription-Event Monitoring study period

Case no. Event Time to onset

(days)

Causality

assessment

Was event reason

for stopping?

ADRa Risk factorsb

1 Deep vein thrombosis Unknown Probable No No 1

2 Deep vein thrombosis 161 Possible Yes No 2

3 Deep vein thrombosis 63 Possible Yes No 0

4 Deep vein thrombosis 15 Possible No Yes 1

5 Deep vein thrombosis 393 Possible Yes No 0

6 Deep vein thrombosis 440 Possible Yes No 3

7 Deep vein thrombosis 413 Possible No No 1

8 Deep vein thrombosis Unknown Possible Yes No 1

a ADR (as reported by the general practitioner).

b Risk factors included immobility, past medical history, current smoker and concomitant medication.

ADR = adverse drug reaction.
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alendronate treatment to be 7.2 per 1000 patient-
years,[5] which is similar to the incidence found
for strontium ranelate in this PEM study. Hor-
mone replacement therapy can be used as both
postmenopausal osteoporosis prevention and
treatment.[26] A randomized controlled trial to
examine the long-term use of estrogen plus pro-
gestin in healthy postmenopausal women esti-
mated the annualized incidence of VTE as 0.34%,
which is equivalent to 3.4 cases per 1000 patient-
years, compared with 1.6 per 1000 patient-years
for placebo.[27] Other trials have also shown an
increase in the risk of VTE for postmenopausal
women treated with HRT.[26] These observations
suggest that whilst VTE incidence is associated
with postmenopausal osteoporosis treatment,
other risk factors related to the indication itself
may be important. A similar conclusion has
been reached by Breart et al.[5] in the recent UK
GPRD study in which the authors reported a
significantly increased relative risk of VTE in
untreated osteoporotic women compared with
non-osteoporotic women (annual incidence 5.6
and 3.2 per 1000 patient-years, respectively; ha-
zard ratio 1.75 [95% CI 1.09, 1.84]; p = 0.030), but
no significant difference in VTE risk between
untreated and strontium ranelate-treated osteo-
porotic women (adjusted hazard ratio 1.09 [95%
CI 0.60, 2.01]).[5]

Due consideration should be given to the dif-
ference in the characteristics of the populations
being studied; the population in this PEM study
may differ from patients included in clinical trials
as the major clinical trials for strontium ranelate
were limited to women with postmenopausal
osteoporosis and excluded patients that had used
other osteoporosis treatments for >2 weeks in the
past 12 months, or if they had severe diseases or
conditions recognized to interfere with bone met-
abolism.[28,29] Patients involved in clinical trials
also have continued close monitoring and follow-
up during treatment whereas the PEM study re-
flects the use of strontium ranelate in the general
practice setting, in patients irrespective of their
co-morbidities and concomitant/previous med-
ication use, or adherence to treatment regimens.
Strontium ranelate was also prescribed for in-
dications other than the licensed indication of

postmenopausal osteoporosis, including use in
males, in this PEM study. Males only accounted
for around 8.7% of the cohort, and while there is
some evidence of sex having a slight effect on
VTE risk at different ages, there is no consistent
difference between sex on VTE risk.[8,9,19] This
analysis supports these findings that sex is not an
important risk factor for VTE events in this
strontium ranelate PEM cohort.

It is not known what the incidence of VTE is in
the patients for whom no questionnaire was re-
turned; if it is higher or lower than the current
estimate then the true incidence may be greater
than or less than the estimate provided in this
analysis. We are unable to ascertain what effect
the warnings in the product information have on
the prescribing of strontium ranelate to patients
who have had a previous VTE or those who are at
an increased risk of VTE. However, this analysis
identifies a past history of VTE as an important
risk factor significantly associated with being a
case, with a correspondingly high estimate of in-
cidence rate of 32.6 cases per 1000 patient-years
exposed. The ‘warnings and precautions for use’
section of the SPC states that strontium ranelate
should be used with caution in patients at in-
creased risk of VTE, including those with a past
history of VTE.[1] The results from this study
support this precaution for use. This has been
supported by observations elsewhere. A high in-
cidence of VTE has been observed previously in
women with a history of VTE at a background
rate of 12.6 cases per 1000 patient-years, al-
though in a cohort study of 4337 women aged
18–55 years, which is a lower age range than that
found in this PEM study.[30]

The sensitivity analysis shows that the selected
patient characteristics were unlikely to contribute
to variation between the crude incidence esti-
mates for the reported cases and the assessed
cases, with the estimate for the assessed cases
being much lower than for reported cases in the
12-month analysis period (1.56 cases per 1000
patient-years exposed). One explanation may
simply be the smaller numbers included within
the calculation. An alternative explanation
may be related to the absence of information
on other risk factors. The descriptions of cases
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assessed point to the presence of other risk factors
such as immobility or smoking. Information
on these factors was not collected for the entire
cohort and therefore has not been included in the
analysis.

Conclusions

This analysis has provided an estimate of the
incidence of VTE in patients treated with stron-
tium ranelate in the real-life general practice set-
ting. The annual incidence rates of VTE events
is similar to estimates in populations of similar
ages, and corresponds to the incidence found in
patients from phase III clinical studies and ob-
servational cohort studies of strontium ranelate
on this topic. The crude annual incidence rate of
VTE in the PEM cohort is higher than the back-
ground annual incidence rate found in the UK
population; however, it is similar to estimates
in populations of similar age and populations
receiving treatment for postmenopausal osteo-
porosis. Also, we acknowledge the potential for
underestimating the incidence in this population.
Nevertheless, this analysis contributes to the
ongoing postmarketing safety assessment of this
product.

In terms of recommendations for practice,
GPs need to be aware that some patients have a
predefined risk of VTE and may require routine
optimization of treatment with regular review of
concurrent illness (and newly prescribed medica-
tions) that may affect the benefit-risk balance of
this treatment. Furthermore, high-risk patients
need to be monitored for signs or symptoms
of VTE, with appropriate treatment measures
initiated where appropriate.
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