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Abstract

A systematic review and economic evaluation of alendronate,
etidronate, risedronate, raloxifene and teriparatide for the
prevention and treatment of postmenopausal osteoporosis

M Stevenson,'” M Lloyd Jones,' E De Nigris,' N Brewer,' S Davis and ] Oakley?

' School of Health and Related Research (ScHARR), University of Sheffield, UK
2 Department of Probability and Statistics, University of Sheffield, UK

* Corresponding author

Objectives: To establish the clinical effectiveness and
cost-effectiveness of selective oestrogen receptor
modulators, bisphosphonates and parathyroid hormone
(subject to licensing) for the prevention and treatment
of osteoporosis and the prevention of osteoporotic
fractures in postmenopausal women.

Data sources: Electronic databases.

Review methods: Studies that met the review’s entry
criteria were eligible for inclusion in the meta-analyses
provided that they reported fracture incidence in terms
of the number of patients suffering fractures. Meta-
analysis was carried out using the random-effects
model. A model was constructed to estimate the cost-
effectiveness of osteoporosis interventions. The model
calculated the number of fractures that occurred and
provided the costs associated with osteoporotic
fractures, and the quality-adjusted life-years (QALYS).
In addition, the conditions of breast cancer and
coronary heart disease (CHD) were modelled, as some
interventions have been shown to affect the risk of
these conditions.

Results: Ninety randomised controlled trials (RCTs)
met the inclusion criteria. They related to the five
interventions (alendronate, etidronate, risedronate,
raloxifene and teriparatide) and to five comparators
(calcium, calcium plus vitamin D, calcitriol, hormone
replacement therapy and exercise), as well as placebo
or no treatment. All five interventions have been
shown to reduce the risk of vertebral fracture in
women with severe osteoporosis with adequate
calcium intakes. However, none of these drugs has
been demonstrated, by direct comparison, to be
significantly more effective than either each other or
the other active interventions reviewed in this report.
The intervention costs of treating all osteoporotic
women, for a period of 5 years, were in the region of
£900-1500 million for alendronate, etidronate,
risedronate and raloxifene. The cost per QALY ratios
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fell dramatically with age. Assuming the risks of a
woman with severe osteoporosis at the threshold of
osteoporosis, no treatment had a cost per QALY below
£35,000 at 50 years of age. At 60 years of age, the cost
per QALY of raloxifene was £26,000 assuming no
impact on hip fractures, and £31,000 assuming an
adverse effect. However, these results are driven by
the effect on breast cancer and the assumptions made
regarding this disease state. No other intervention had
a cost per QALY below £35,000. When analyses were
conducted assuming that the fracture risk is doubled at
each site, alendronate and risedronate had cost per
QALY ratios below £30,000 at all ages. For women at
the threshold of osteoporosis, without a prior fracture
and aged 70 years, the cost per QALY of the three
bisphosphonates ranged from £34,000 to £41,000.
Raloxifene had a cost per QALY of £23,000, assuming
no effect on hip fracture, given assumptions regarding
breast cancer. At 80 years of age, the cost per QALY of
alendronate and risedronate was below £20,000. This
was true for etidronate when incorporating
observational data, but the value rose to £69,000 when
only RCT data were used. No other intervention had a
cost per QALY below £35,000. It was assumed that
doubling the risk of fracture for women without a prior
fracture would give results similar to patients at the
threshold of osteoporosis with a prior fracture.
Conclusions: Of the five interventions, only raloxifene
appeared to reduce the risk of vertebral fracture in
postmenopausal women unselected for low bone
mineral density (BMD). However, as the full data have
not been made public, there is some uncertainty
regarding this result. None of the five interventions has
been shown to reduce the risk of non-vertebral
fracture in women unselected for low BMD. All of the
proposed interventions provided gains in QALYs
compared with no treatment in women with sufficient
calcium and vitamin D intakes. The size of the QALY
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gain for each intervention was strongly related to the
age of the patient. The estimated costs varied widely
for the interventions. These net costs were markedly
different by age, with some interventions becoming
cost-saving at higher age ranges in patients with a prior

fracture. Areas for future research include: the
evidence base for the efficacy of fracture prevention in
the very elderly, reanalysis of raloxifene using a
dedicated breast cancer and CHD model, and more
trials considering the cost-effectiveness of teriparatide.
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Glossary and list of abbreviations

Technical terms and abbreviations are used throughout this report. The meaning is usually clear from
the context, but a glossary is provided for the non-specialist reader. In some cases, usage differs in the
literature, but the term has a constant meaning throughout.

Glossary

Osteopenia Bone mineral density between 1
and 2.5 standard deviations below the young
adult mean (T-score —1 to -2.5).

Osteoporosis Bone mineral density 2.5
standard deviations or more below the young
adult mean (T-score <-2.5).

Reference nutrient intake The level of intake
of a nutrient that is sufficient to cover the
needs of nearly all the population group for
which it is recommended; as it is set 2 standard
deviations above the estimated average
requirement for that nutrient, it is considerably
higher than most people need, and individuals

consuming the reference nutrient intake are
most unlikely to be deficient in that nutrient.'

Severe osteoporosis Bone mineral density
2.5 standard deviations or more below the
young adult mean (7-score <-2.5) plus at least
one documented fracture.

T-score The number of standard deviations
from the average bone mineral density of
healthy young women.

Z-score The number of standard deviations
from the average bone mineral density of
women of the same age as the patient.

List of abbreviations

AOPS Alendronate Osteoporosis
Prevention Study

BMD bone mineral density

C control

CEAC cost-effectiveness acceptability
curve

CEE conjugated equine estrogen

CHD coronary heart disease

CI confidence interval

DVT deep venous thrombosis

DXA dual-energy X-ray absorptiometry

EPIC Early Postmenopausal

Intervention Cohort

EQ-5D EuroQol 5 Dimensions

FIT Fracture Intervention Trial

FSH follicle-stimulating hormone

GI gastrointestinal

HRT hormone replacement
therapy

HSUV health state utility value

HUI Health Utilities Index

ICER incremental cost-effectiveness
ratio

MFP monofluorophosphate

continued
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Glossary and list of abbreviations

MI
MORE

MPA
NETA
NHP
NOF

NSAID

PEPI

PTH

QALY
QWB

List of abbreviations continued

myocardial infarction

Multiple Outcomes of Raloxifene
Evaluation

medroxyprogesterone acetate
norethisterone acetate
Nottingham Health Profile

National Osteoporosis
Foundation

non-steroidal anti-inflammatory
drug

postmenopausal
(o)estrogen/progestin
interventions

parathyroid hormone
quality-adjusted life-year
quality of well-being

RCT
RH
RNI
RR

SD
SERM

SG
SHEMO

TTO
VAS
WHI

randomised controlled trial
relative hazard

reference nutrient intake
relative risk

treatment

standard deviations

selective (o)estrogen receptor
modulator

standard gamble

Sheffield Health Economic Model
for Osteoporosis

time trade-off
visual analogue scale

Women’s Health Initiative

All abbreviations that have been used in this report are listed here unless the abbreviation is well known (e.g. NHS), or
it has been used only once, or it is a non-standard abbreviation used only in figures/tables/appendices in which case
the abbreviation is defined in the figure legend or at the end of the table.
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Executive summary

Epidemiology and background

Osteoporosis is a common disease in the elderly,
with an estimated 2.1 million female sufferers in
England and Wales. It is defined as possessing a
T-score of 2.5 standard deviations or lower. The
main consequence of osteoporosis is an increased
incidence of fractures, notably at the hip, spine,
wrist and proximal humerus, which increases as a
woman ages. These result not only in morbidity
for the patient, with a risk of mortality following
fractures of the hip, and possibly of the vertebra,
but also in the consumption of scarce health
resources. A recent estimate of the cost in the UK
of osteoporotic fractures in females has put this
figure at £2100 million. A woman who has
suffered a fracture is defined as suffering from
severe Osteoporosis.

Objective

The aim of this review was to evaluate the use of
alendronate, etidronate, risedronate, raloxifene or
teriparatide to reduce the risk of osteoporotic
fracture in postmenopausal women.

Methods

Studies that met the review’s entry criteria were
eligible for inclusion in the meta-analyses provided
that they reported fracture incidence in terms of
the number of patients suffering fractures, as this
enabled calculation of the relative risk of patients
in the intervention group developing a new
fracture or fractures, compared with those in the
control group. Ideally, only studies that had
fracture as a primary end-point would have been
included in the meta-analyses. However,
pragmatically this was not possible as very few
studies met this criterion. Meta-analysis was carried
out with Review Manager, using the random-effects
model, as this both allows generalisation beyond
the sample of patients represented by the studies
included in the meta-analysis and provides wider,
more conservative, confidence intervals than the
fixed-effects model. Since the end-point of interest
was fracture, it seemed appropriate to include
open-label studies.
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To ensure comparability, the meta-analyses of
vertebral fractures only pooled data from studies
that used the same definition of vertebral fracture.
Where possible, data were pooled from studies
using a definition that required a 20% or greater
reduction in anterior, middle or posterior
vertebral height: as noted above, this definition
was felt to identify fractures more reliably than a
definition that required a 15% or greater
reduction.

A model was constructed to estimate the cost-
effectiveness of osteoporosis interventions. The
key inputs to this model were the efficacy data for
each intervention in terms of the ability to reduce
the incidence of hip, vertebral, wrist and proximal
humerus fractures. The model calculated the
number of fractures that occurred and provided
the costs associated with osteoporotic fractures,
and the quality-adjusted life-years (QALYs)
accrued by a cohort of 100 women with
osteoporosis, with each fracture being detrimental
to health. When the costs of the intervention are
included, the marginal cost compared with no
treatment (assumed to be a sufficient intake of
calcium and vitamin D) can be calculated. When
this figure is divided by the gain in QALYs, a cost
per QALY ratio can be calculated. In addition to
osteoporotic fractures, the conditions of breast
cancer and coronary heart disease (CHD) were
modelled, as some interventions have been shown
to affect the risk of these diseases.

Results and conclusions

Number and quality of studies, and
direction of evidence

Ninety randomised controlled trials (RCTs) met
the inclusion criteria. They related to the five
interventions (alendronate, etidronate,
risedronate, raloxifene and teriparatide) and to
five comparators [calcium, calcium plus vitamin D,
calcitriol, hormone replacement therapy (HRT)
and exercise], as well as placebo or no treatment.

All five interventions have been shown to reduce
the risk of vertebral fracture in women with severe
osteoporosis with adequate calcium intakes.
Alendronate and raloxifene have also been
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demonstrated to reduce the risk of vertebral
fracture in women with adequate calcium or
vitamin D intakes who have osteoporosis without
fracture. However, only risedronate and
teriparatide have also been demonstrated to
reduce the risk of non-vertebral fracture in women
with severe osteoporosis and adequate calcium
intakes. Alendronate has been shown to do so in
women with osteoporosis with or without fracture
and with adequate calcium or vitamin D intakes.
However, none of these drugs has been
demonstrated, by direct comparison, to be
significantly more effective than either each

other or the other active interventions reviewed in
this report.

Of the five interventions, only raloxifene appeared
to reduce the risk of vertebral fracture in
postmenopausal women unselected for low bone
mineral density (BMD). However, as the full data
have not been made public, there is some
uncertainty regarding this result. None of the five
interventions has been shown to reduce the risk of
non-vertebral fracture in women unselected for
low BMD.

Summary of benefits

All of the proposed interventions provided gains
in QALYs compared with no treatment in women
with sufficient calcium and vitamin D intakes. The
size of the QALY gain for each intervention was
strongly related to the age of the patient.

Costs

The intervention costs of treating all osteoporotic
women, for a period of 5 years, were in the region
of £900-1500 million for alendronate, etidronate,
risedronate and raloxifene. Teriparatide had a
much higher acquisition cost, but has been used
on a small subset of the population and thus this
cost has not been calculated.

The estimated costs, when the reduction in the
number of fractures and breast cancer events over
a 10-year period was included, varied widely for
the interventions. These net costs were markedly
different by age, with some interventions
becoming cost-saving at higher age ranges in
patients with a prior fracture.

Cost per QALY

The cost per QALY ratios fell dramatically with
age. Assuming the risks of a woman with severe
osteoporosis at the threshold of osteoporosis, no
treatment had a cost per QALY below £35,000 at
50 years of age. At 60 years of age, the cost per
QALY of raloxifene was £26,000 assuming no

impact on hip fractures, and £31,000 assuming an
adverse effect. However, these results are driven by
the effect on breast cancer and the assumptions
made regarding this disease state. No other
intervention had a cost per QALY below £35,000.
At 70 years of age, the cost per QALY ratios of the
three bisphosphonates significantly decreased,
being £10,000, £15,000 and £28,000 for
alendronate, risedronate and etidronate,
respectively. Etidronate had a reasonably strong
observational evidence base and where this was
considered the cost per QALY ratio fell to
£15,000. Raloxifene, assuming no effect on hip
fracture, had a cost per QALY of £24,000. At

80 years of age, both alendronate and risedronate
dominated no treatment. Raloxifene, assuming
no effect on hip fracture, had a cost per

QALY of £28,000. This figure was £38,000 for
teriparatide (when assumed to cost £2000

per annum) and £45,000 for etidronate.
Incorporating the observational data into the
etidronate analysis reduced the cost per QALY
ratio to £6000.

Analyses were conducted assuming that the
fracture risk is doubled at each site. In these
circumstances alendronate and risedronate had
cost per QALY ratios below £30,000 at all ages. If
the observational data were incorporated,
etidronate had a cost per QALY ratio below
£30,000 at all ages; however, using RCT data
alone the cost per QALY fell below £30,000 only
at 70 years of age and above. Raloxifene
(assuming no effect on hip fracture) had a cost per
QALY ratio below £30,000 at all ages; however,
this again was driven by breast cancer
assumptions. Teriparatide (assumed to cost £3500
per annum) had a cost per QALY of £31,000 at
80 years of age.

For women at the threshold of osteoporosis,
without a prior fracture and aged 70 years, the
cost per QALY of the three bisphosphonates
ranged from £34,000 to £41,000. Raloxifene

had a cost per QALY of £23,000, assuming no
effect on hip fracture, given assumptions
regarding breast cancer. At 80 years of age, the
cost per QALY of alendronate and risedronate
was below £20,000. This was true for etidronate
when incorporating observational data, but

the value rose to £69,000 when only RCT data
were used. No other intervention had a cost per
QALY below £35,000. It was assumed that
doubling the risk of fracture for women without a
prior fracture would give results similar to patients
at the threshold of osteoporosis with a prior
fracture.
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The results for 80 years of age in all scenarios
should be treated with caution as the assumed
efficacy for each intervention has not been proven
in this age group. The results for raloxifene
should be treated with caution as the major impact
on quality of life is through an effect on breast
cancer and not via effects on fractures.

Recommendations for research

The evidence base for the efficacy of fracture
prevention in the very elderly needs to be
strengthened. The results calculated for women
aged 80 years assumed the applicability of results
from RCTs (in which only a minority of patients
were of this age). If this were not true, as possibly
demonstrated by an RCT by McClung, then the
results would be markedly different.
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To assess accurately the true potential of
raloxifene, reanalysis should be conducted using a
dedicated breast cancer and CHD model. Results
for women at the threshold of osteoporosis and
with a prior fracture that ignore these benefits
produced a high cost per QALY ratio (>£70,000),
which fell significantly (<£40,000) when the effect
on breast cancer was included and to under
£30,000 when the effect on CHD was included.
The robustness of these latter results cannot be
guaranteed, owing to simplifying assumptions on
the aetiology, costs and QALYs of breast cancer
and CHD.

The cost-effectiveness of teriparatide is dependent
on the assumed efficacy on hip fracture. At present
the decrease is non-significant and a further trial
is recommended to reduce the uncertainty in this
parameter.

xi
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Chapter |

Aim of the review

he review aims to establish the clinical treatment of osteoporosis and the prevention of
effectiveness and cost-effectiveness of selective osteoporotic fractures in postmenopausal women,
oestrogen receptor modulators (SERMs), and to provide guidance to the NHS in England

bisphosphonates and parathyroid hormone (PTH) and Wales.
(subject to licensing) for the prevention and

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.






Health Technology Assessment 2005; Vol. 9: No. 22

Chapter 2

Background

he internationally agreed definition of

osteoporosis is a systemic skeletal disease
characterised by low bone mass and
microarchitectural deterioration of bone tissue,
with a consequent increase in bone and
susceptibility to fracture.?

The clinical significance of osteoporosis lies
in the fractures that arise; without a fracture,
a woman suffering from osteoporosis will not
suffer morbidity. The most common fractures
include vertebral compression fractures, and
fractures of the distal radius and the proximal
temur (hip fracture). In addition, when the
skeleton is osteoporotic, fractures occur more
commonly at many other sites, including the
pelvis, proximal humerus, distal femur

and ribs.

The incidences of fracture are strongly related to
age, with a steady increase as a woman ages. The
exception is for hip fracture, where the rise
appears to be more exponential.

Fractures of the spine often go undetected. It is
estimated that only one-third of fractures seen in
trials, where morphometric criteria are used to
establish the presence of a fracture, come to
clinical attention. There is a good deal of
uncertainty surrounding the impact of undetected
‘morphometric’ fractures on the quality of life of
the sufferer, and on any cost impacts that such
fractures have.

Osteoporotic fractures occurring at the spine and
the distal radius are associated with significant
morbidity, but the most serious consequences arise
in patients with hip fracture, which is associated
with an increase in mortality in the year following
the hip fracture.’

It has been estimated that the cost of treating
osteoporotic fractures in female postmenopausal
patients was approximately £1500-1800 million in
the UK per annum in 2000.*® These costs have
been estimated to increase to £2100 million by
2010.° The key components of the costs associated
with osteoporotic fractures are hip fractures and
subsequent nursing home care that is required for
a proportion of these patients.
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This report is focused on postmenopausal women,
owing to the deterioration of bone quality
following the menopause.

Description of osteoporosis,
osteopenia and severe
(established) osteoporosis

The definition has been developed since bone
mineral can be measured with precision and
accuracy allowing definitive diagnoses of
osteoporosis. However, it is acknowledged that
other factors, such as abnormalities within the
skeleton and risk of falls, are also important in
determining the risks of fracture. Nevertheless,
bone mineral density (BMD) alone forms the basis
for the diagnosis of osteoporosis.

The units used in this report for assessing the
BMD of a woman will be T-scores and Z-scores. A
T-score is defined as the number of standard
deviations (SD) from the average BMD of healthy
young women. A Z-score is defined as the number
of SD from the average BMD of women of the
same age as the patient.

Two thresholds of BMD have been proposed for
Caucasian women based on the T-score.%” The
first, osteoporosis, denotes a value for BMD that is
2.5 SD or more below the young adult mean value
(T-score <-2.5 SD). The second, osteopenia,
denotes a T-score that lies between —1 and —2.5 SD.

The class of osteoporosis is further divided into
patients with osteoporosis and those with severe
(or established) osteoporosis, which is defined as a
T-score <-2.5 SD plus at least one documented
fracture. In this report severe osteoporosis will be
used to define patients who have a T-score equal
to or less than —2.5 SD, with a prior fracture. The
term osteoporosis will be used to define patients
with a T-score equal to or less than —2.5 SD,
without a previous fracture.

Since the introduction of working definitions of
osteoporosis, much attention has focused on their
application to epidemiology, clinical trials and
patient care. Several problems have emerged,
however, largely owing to the development of new



Background

30 —
25
20 —
15 —
10

Prevalence (%)

A N s IR s

I I
50-54 55-59 60-64

I I I
65-69 70-74 75-80 80-85

Age (years)

FIGURE | Estimated prevalence of female osteoporosis, measured at the femoral neck, by age band

measurement techniques applied to many

different sites. It is now clear that the same T-score

derived from different sites and techniques yields
different information on fracture risk, even when
adjustments are made for age. Thus, the T-score
cannot be used interchangeably with different
techniques and at different sites. For this reason
the reference standard adopted in terms of site
and technology for diagnostic purposes is the hip
(femoral neck), using dual-energy X-ray
absorptiometry (DXA).® Measurements at the hip
have the highest predictive value for hip fracture.
Moreover, the hip is a site of greatest biological
relevance since hip fracture is the dominant
complication of osteoporosis in terms of morbidity
and cost.
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The Z-score is used primarily in calculating the
increased risks of fracture when compared to the
average population at that age. Research has
shown that the Z-score is a better predictive
variable than an absolute T-score value, since any
value, such as —-2.5 SD, will be associated with
different fracture risks at the age of 50 than at
80 years.

Epidemiological data

Prevalence of osteoporosis by age

Raw data were taken from a UK population-based
study by Holt and colleagues'’ and used to derive
the prevalence of osteoporosis within society. This
data set contained observations on 5713 women
aged between 50 and 85 years.

The femoral neck was used as the measurement
site and the percentage of women with a 7T-score
of —2.5 SD or below was recorded. These data are
shown in Figure I and exhibit a marked increase
with age. Multiplying these prevalence rates by the
respective population of England and Wales,!! it is

TABLE | Average T-scores for women at the threshold of
osteoporosis by age band

Age (years) Average UK BMD score
50-54 -0.66
55-59 -0.92
60-64 —1.17
65-69 -1.43
70-74 -1.69
75-79 -1.94
80-84 -2.20
85-89 -2.45

Data from Holt and Khaw.'°

estimated that there are 0.94 million women
suffering with osteoporosis.

The average T-score at the femoral neck at each
age band was calculated from the UK population
data'® as before. A linear relationship was assumed
and T-score was assumed to be 2.0251-0.0512 x
age (in years). The assumed average T-score by
age band is given in Table 1.

Incidence of osteoporotic fractures by age

Data on the incidence of hip, wrist and proximal
humerus fractures in women were taken from a
large-scale Scottish study.'? As reliable data on the
incidence of clinically diagnosed vertebral
fractures in the UK were scarce, an estimate was
imputed for the UK using vertebral fracture rates
seen in Malmo, Sweden,!® assuming that the ratio
of hip to vertebral fractures would be similar for
both regions. There appears to be consistency in
the pattern of different osteoporotic fractures in
the Western world, which provides some validation
of this approach.14 It is noted that an unknown
(but small) proportion of these fractures will not
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FIGURE 2 Annuadl incidence of osteoporotic fracture in females by site

TABLE 2 Increased risk of subsequent fracture following an initial fracture

Prior fracture site Hip
Hip 2.3
Vertebra 2.3
Wrist 1.9
Proximal humerus® 2.0

Adapted from Klotzbuecher et al.'®

Location of subsequent fractures

Vertebral Wrist Proximal humerus
2.5 1.4 1.9
4.4 1.4 1.8
1.7 3.3 2.4
1.9 1.8 1.9

@ Assumed equal to the value for all non-spinal fractures in Klotzbuecher et al.'®

be osteoporosis related and thus these data will
overestimate fractures at these sites; however,
fractures at other body sites are not included, so
the introduction of large bias is not expected.

These data are presented graphically in Figure 2.

There is a breadth of published literature, meta-
analysed by Klotzbuecher and Colleagues,15 that
indicates that an initial fracture greatly increases
the risk of subsequent fractures. These data have
been used within the model to increase the risk of
subsequent fractures following an initial fracture.
The values used within the cost-effectiveness
model were the point estimates presented by
Klotzbuecher and colleagues.'?

It was assumed that subsequent risks of secondary
fractures at the proximal humerus are equivalent
to the pooled non-spinal fractures category

15
reported by Klotzbuecher and colleagues. ” It was
also assumed that proximal humerus had the
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predictive power equal to that of the ‘other’
category reported by Klotzbuecher and
colleagues.'5 All populations were assumed to be
perimenopausal or postmenopausal. There have
been no prior studies on the future effect of hip
fractures on wrist fractures. As a conservative
estimate this risk was set at 1.4, equivalent to the
lowest relative risk of all other fracture sites. These
data are presented in Table 2.

It was assumed that for individuals who have
suffered fractures in two different sites only the
greatest risk adjustment will be applied in
calculating the risks of subsequent fractures. For
example, were a patient to have both a prior hip
and wrist fracture, the relative risk (RR)
adjustment for a subsequent vertebral fracture
would be 2.5 (from the hip fracture), rather than
1.9 (from the wrist fracture). The relative risk
adjustment for a subsequent wrist fracture would
be 3.3 (from the wrist fracture), rather than 1.4
(from the hip fracture).
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Increased risk of fracture for patients with low
bone mass

BMD status is a significant factor in estimating the
risk of fracture for a patient. Work conducted by
Marshall and colleagues'® assessed the increased
probability of fracture associated with a Z-score of
-1, when measured at the femoral neck. The point
estimates of this increased risk of fracture are
presented in Table 3. Data for proximal humerus
were assumed to equal those reported by Marshall
and colleagues'® for all fractures.

TABLE 3 Increased risk of fracture associated with a Z-score of
—1I (as reported by Marshall et al.'®)

Increased risk of fracture
per Z-score

Fracture site

Hip 2.6
Vertebral 1.8
Wrist 1.4
Proximal humerus® 1.6

9 Assumed equal to the value for all fractures.

TABLE 4 Increased risk of hip fracture associated with a
Z-score of —| (as reported by Johnell et al.%)

Age (years) Increased risk of hip
fracture per Z-score

50-54 3.68
55-59 3.35
60-64 3.07
65-69 2.89
70-74 2.78
75-79 2.58
80-85 2.28
86-90 1.92

The equations presented in Marshall'® are of the
form (RR)Z-score difference 'hence the increased risk
for a hip fracture for patients with a Z-score of -2
would be 6.76 times (2.6%). The increased risk
would be 4.19 times (2.6'%) for a patient with a
Z-score of —1.5.

More recent work undertaken by Johnell and
colleagues® has shown that the increased risk of
hip fracture in relation to Z-score is age
dependent. These newer data have been used in
the modelling, as contained in Table 4.

Calculating the risk of fracture for populations
with average BMD and without a prior fracture
The RRs presented in Table 2 are compared with
patients without prior fracture, whereas those in
Table 3 are compared with patients with the
average BMD for the patient age. To estimate the
correct fracture risk for patients with low BMD
and/or prior fracture, the risk for women with
average BMD and without prior fracture needs to
be calculated. Use of the average population
values would overestimate the numbers of
fractures because these average figures already
contain a subset of women with osteoporosis
and/or prior fractures, who are at greater risk than
women without fractures and with normal BMD.

The estimated fracture risks for a woman with
average BMD and without prior fracture are
shown in Table 5. The methodology behind these
calculations is given in Appendix 1.

The percentage reduction is influenced by a
number of factors. At younger ages there will be
few osteoporotic and severely osteoporotic women
(see Table 129 in Appendix 1), and thus the risk
for women with average BMD scores will be close

TABLE 5 Estimated fracture risk by age for a woman with average BMD and no prior fracture

Age (years) Hip

50-54 0.02 (26)
55-59 0.04 (32)
60-64 0.06 (41)
65-69 0.10 (48)
70-74 0.27 (55)
75-79 0.35 (50)
80-84 0.67 (50)
85-89 1.34 (47)

Fracture risk (%) at each site

Vertebral Wrist Proximal humerus

0.07 (6) 0.25 (3) 0.06 (4)

0.14 (1) 0.35(7) 0.08 (9)

0.13 (20) 0.41 (12) 0.1'1 (16)
0.20 (29) 0.46 (19) 0.10 (24)
0.34 (37) 0.51 (27) 0.17 (32)
0.37 (38) 0.49 (30) 0.20 (34)
0.41 (42) 0.50 (34) 0.23 (38)
0.62 (45) 0.63 (37) 0.21 (41)

The percentage reduction in fracture incidence compared to the average for all women in that age band is shown in

parentheses.
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to the average population risk. However, at
younger ages the number of Z-scores between an
osteoporotic woman and a woman with average
BMD is greater (see Table 1), which will increase
the risk at each fracture site for osteoporotic
patients and hence lower the risk for women with
average BMD values. The converse argument is
applicable to patients at older ages. As these
factors work in different directions, the
magnitudes of the reduction between the average
population risk and that of a woman with average
BMD at different age bands cannot be predicted
intuitively.

For vertebral, wrist and proximal humerus
fractures, which have relatively low increases due
to Z-score differentials (see Tuble 3), the increased
proportion of women with osteoporosis dominates
the effect owing to the greater Z-score between
average BMD and a T-score of —2.5 SD. As the
cohort age increases, the percentage reduction
compared with the average values increase.

For hip fracture, which has a relatively high risk of
fracture in relation to Z-score at younger ages (see
Table 4), the percentage reduction values are large

even at younger ages.

The data from 7able 5 will be used in the model
and multiplied as appropriate to take into account
the extra risks for the assumed BMD value and
prior fracture status for each patient.

Fracture risk at the threshold for osteoporosis
Table 6 and Figure 3 give the estimated fracture
risk at each site by age for women at the threshold
of osteoporosis. No data on the fracture risks for
patients with severe osteoporosis have been given,
as the risks would be dependent on the site of the
previous fracture, as detailed in 7able 2. As a rough
guide, the fracture rates for those suffering from
severe osteoporosis would be approximately
double those presented in Table 6. It can be seen
that as the population age increases the risk at the
threshold for osteoporosis may be lower than that

TABLE 6 Estimated fracture risk by age for a woman with a T-score of —2.5 and no prior fracture

Fracture risk (%) at each site

Age (years) Hip Vertebral Wrist Proximal humerus
50-54 0.07 0.24 0.63 0.14
55-59 0.07 0.26 0.77 0.17
60-64 0.10 0.19 0.79 0.22
65-69 0.16 0.28 0.82 0.17
70-74 0.43 0.73 0.84 0.28
75-79 0.56 0.56 0.71 0.30
80-84 1.09 0.63 0.66 0.32
85-89 1.90 0.89 0.75 0.27
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FIGURE 3 Estimated fracture risk by age for a woman with a T-score of —2.5 and no prior fracture
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TABLE 7 Assumed mortadlity rates directly attributable to hip fracture in the |2 months following fracture

Residential status Age (years)

Community 50-59
Community 60-69
Community 70-79
Community 80-89
Community =90
Nursing home 50-59
Nursing home 60-69
Nursing home 70-79
Nursing home 80-89
Nursing home =90

of the average population. This is due both to the
large proportion of women with severe
osteoporosis and to the small differential between
the population average BMD and the 7-score of
—2.5 that defines osteoporosis.

At a T-score of —2.5 SD the risk of hip fracture
greatly increases from the age of 65 years. The
rate of wrist and proximal humerus fractures
remains fairly stable regardless of age. The risk of
a vertebral fracture is broadly similar for the bands
between 50 and 69 years, and broadly similar for
the bands between 70 and 89 years.

Mortality following osteoporotic
fractures

Mortality following a hip fracture

Excess mortality is well described after hip
fracture. In the first year following hip fracture,
relative mortality risk varies in women from 2.0 to
greater than 10, depending on age.” However,
case—control studies that adjust for prefracture
morbidity indicate that a substantial component
can be attributed to co-rnorbidity.”’18

The data used in the cost-effectiveness model are
taken from unpublished data from the Second
Anglian Audit of Hip Fracture,'” which recorded
deaths up to 90 days following hip fracture.

To account for mortality that was not related to
the hip fracture, data were taken from Parker and
Anand.?’ It was estimated that 33% of deaths

1 year after hip fracture were totally unrelated to
the hip fracture, 42% were possibly related and
25% directly related. These figures were not
stratified by age, gender or residential status; they
have, however, been assumed to be constant for all
population subsets.

It is likely that there was further mortality between
91 and 365 days that was not recorded by the

Mortality rate (%) directly related to hip fracture

2
6
6
I
16
0
0
13
22
23

audit.'® An estimate of this can be inferred from
the graph in Parker and Anand,? with the value
assumed to be 40%. It was assumed that
attributing all of the deaths possibly due to hip
fractures as directly to hip fracture and including
only the data to 90 days would provide an accurate
estimation of the true mortality rate. The mortality
rates that were assumed attributable to hip fracture
are given in Table 7. No data were available for the
age band 50-59 years and it was assumed that, as
suggested by Swedish data,” this value was 33%
that of the rate between 60 and 69 years.

Mortadlity following vertebral fracture

Recent data?!=%? suggest that vertebral fractures
are associated with mortality, although there may
be uncertainty regarding the number of
mortalities that are caused by co-morbidities and
the number directly related to the vertebral
fracture.

Two studies looking at the increased mortality risk
following a clinical vertebral fracture have reported
an age-standardised risk in the mortality rate for
women of 1.66 [95% confidence interval (CI) 1.51
to 1.801?! and of 8.64 (95% CI 4.45 to 16.74).2

A study that included vertebral fractures defined by
morphometric criteria reported that women with
one or more vertebral fracture have a 1.23-fold
greater age-adjusted mortality rate (95% CI 1.10 to
1.37) compared to those without vertebral
fracture.? Assuming that only clinical fractures can
cause mortality and that one-third of morphometric
fractures come to clinical attention®* then the
relative risk of mortality of clinical fractures can be
estimated to be 1.69 [1 + (0.23 x 3)].

It was assumed that the mortality rates reported by
Center and colleagues®! are correct, as they have
tight confidence intervals and are supported by
the data from Kado and colleagues.*
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Mortadlity following osteoporotic fractures not at
the hip or spine

It was assumed that there was no increase in
mortality from forearm fractures, consistent with
published surveys.?!*22% For proximal humerus
fractures, a conservative assumption of a two-fold
increase in mortality was assumed.?’

Entry into nursing home following an
osteoporotic fracture

Entry into a nursing home following a hip
fracture

Data were sought to estimate what percentage of
women who suffer a hip fracture move from living
in the community into nursing home
accommodation. Global assumptions on this
percentage, as used in some models,?® were not
used as this allows nursing home costs to be
incorrectly allocated to women already residing in
such care.

Unpublished data from the Second Anglian Audit
of Hip Fracture'® were used in the model. These
data are shown in 7able 8. It is assumed that
patients who enter a nursing home will remain
there for the remainder of their lives.

A recent estimate of the costs associated with
osteoporotic fractures assumed that 10% of all
patients with a hip fracture would reside in a
nursing home for the rest of their lives.” This
figure looks plausible above the age of 70 years,
but appears not to be applicable within the ranges
50-69 years.

Entry into a nursing home following fractures at
sites other than the hip

It was assumed that fractures at sites other than
the hip would not cause a woman to move from
community living into nursing home
accommodation.

Risk of non-skeletal events on which
osteoporosis treatments may impact
Some osteoporosis treatments have effects on non-
skeletal events, such as the incidence of coronary
heart disease (CHD) or breast cancer. For the
model to take such intervention characteristics

mto account these disease areas had to be
modelled.

Calculating the incidence of CHD

Data on the incidence of CHD were derived from
the incidence of death due to CHD [International
Classification of Diseases (ICD) codes 410-414]
and population figures were taken from Mortality
Statistics.?” The incidence of CHD events was
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TABLE 8 Percentage of women who move from the community
to a nursing home following a hip fracture

Age (years) % of women who move from
the community to a nursing
home following a hip fracture

50-59 0

60-69 4

70-79 4

80-89 12

=90 17

TABLE 9 Incidence of fatal and non-fatal CHD by age band

Age (years) Non-fatal CHD (%) Fatal CHD (%)

50-54 0.072 0.026
55-59 0.144 0.064
60-64 0.240 0.135
65-69 0.364 0.280
70-74 0.442 0.541
75-79 0317 0.941
80-84 0.000 1.637
85-89 0.000 2.449

imputed from a ratio of fatal to non-fatal possible
myocardial infarction events as reported by
Volmink and colleagues.?® It was assumed that the
fatality rates apply to all CHD, although this
assumption may overestimate the CHD death rate.
The study only focused on the age groups 50-79
years and linear extrapolation was undertaken to
make predictions for ages above or below this
range. The incidence rates for fatal and non-fatal
CHD used in the model are given in Table 9. It is
seen that the method used for extrapolating the
data estimates that any CHD event in a woman
above the age of 80 will result in fatality, which will
overestimate the mortality associated with CHD.

CHD was originally included in the model when it
was believed that oestrogen offered protection
against this condition. This has subsequently been
shown to be non-significant, with a mean relative
risk greater than 1.%% Raloxifene had no
significant effect on CHD events across the whole
population of a randomised controlled trial
(RCT). However, it has been shown to have a
significant reduction in cardiovascular events and
stroke events in high-risk patients, but not a
significant reduction in coronary death,
myocardial infarction (MI) or unstable angina.’
Given these data, the relative risk of CHD was set

0
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TABLE 10 Incidence of breast cancer in the average female population, in women with osteoporosis and women at the threshold for

osteoporosis

Incidence of breast cancer (%) within subsets of the population

Age (years) Average population

50-54 0.245
55-59 0.278
60-64 0.319
65-69 0.257
70-74 0.269
75-79 0.284
80-84 0.320
85-89 0.362

to 1 for all interventions and no treatment,
effectively removing CHD incidents from the
model.

Calculating the incidence of breast cancer

The incidence of breast cancer was taken from
cancer registrations (Tables 1-3),%” assuming a
population as reported by the Office for National
Statistics.®! These figures are given in Tuble 10.

Two large cohort studies have shown that
osteoporosis or low BMD is associated with a lower
incidence of breast cancer.**?? Data from the
Cauley study,* which reports a 1.34 increase in
breast cancer risk per 1-unit increase in Z-score,
were used in the model. The equation took the
form 1'34Increase in Z—score'

Because the average population values are
constructed from a population that contains both
osteoporotic and non-osteoporotic women, the risk
of breast cancer in a healthy woman with average
BMD values was calculated using a similar
methodology to that described in Appendix 1.
The estimated risks of breast cancer in a
population with average BMD and in an
osteoporotic population are given in Table 10.

Mortality due to breast cancer

The cost-effectiveness model simulates individual
patients, and thus standard summary data, such as
total death rates due to breast cancer per year, are
inappropriate. Data had to be derived on
obtaining the risk of death due to breast cancer in
relation to the time since diagnosis.

The data that were used are 5-year survival rates
for the years 1986-1990 in England and Wales.*!
These report a 5-year survival rate of 68%.

Population with average

Population at

BMD values the threshold for osteoporosis
0.248 0.145
0.284 0.179
0.336 0.228
0.279 0.204
0.297 0.234
0.311 0.264
0.339 0.311
0.366 0.361

Comparison of 1-, 5- and 10-year survival

shows a steep decline in mortality followed by a
flattening of the death rate after 5 years. It was
assumed that patients who survive beyond 5 years
will not die as a result from that episode of breast
cancer.

For the 32% that die within the 5-year period, it
was assumed that the survival period was 2 years.
It was also assumed that these mortality rates are
applicable at all ages.

Death due to other causes

These data have been taken from interim life
tables®! and are adjusted for deaths due to CHD
and breast cancer in the general population.

Several studies have shown an increased mortality
associated with low BMD of similar magnitude
derived from measurements at the radius or
heel.*>%% At the radius, the increase in relative risk
was 1.22 per SD decrease in BMD adjusted for
age,”® and this factor has been used within the
model, although it is unsure how much excess
mortality may be related to co-morbidities. The
data for the mortality rate in the general
population and for those patients at the threshold
of osteoporosis are shown in Table 11. The general
population mortality rates have not been adjusted
to take into account the osteoporotic population,
meaning that these death rates are likely to be
slight overestimates. As these apply to all
interventions it is unlikely that this will bias the
results.

A recent study®’ suggested that there may be no
link between BMD value and excess mortality. The
effect of making this assumption was investigated
in the sensitivity analyses.
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TABLE 11 Mortality due to other causes in the general female population and in women at the threshold for osteoporosis

Mortality rate (%) due to other causes

Age (years) General population

50-54 0.237
55-59 0.392
60-64 0.649
65-69 1.129
70-74 1.864
75-79 3.065
80-84 5.279
85-89 9.177

Current service provision

Data taken from the company submission for
etidronate®® state that approximately 275,000
women are being prescribed bisphosphonates, and
that bisphosphonates represent 57% of all
osteoporosis prescribing. The submission from Eli
Lilly* states that approximately 22,000 women
were prescribed raloxifene in 2002. This equates to
approximately 5% of all osteoporosis prescribing.
As teriparitide is not yet licensed in the UK, it
currently has 0% of osteoporosis prescribing.

The total number of women receiving medication
for osteoporosis is approximately 480,000. This
equates to 23% of the female population who are
expected to be suffering from osteoporosis.

Description of new interventions

Identification of patients and criteria
for treatment

All postmenopausal women are potentially at risk
of osteoporosis, and therefore of osteoporotic
fracture. Therapy may be offered to those who
already have osteoporosis (defined, in Caucasian
women, as a T-score of —=2.5 or below, as
determined by single- or dual-energy X-ray
absorptiometry) and to those who are perceived to
be at risk of osteoporosis as a result of factors such
as low BMD, family history, age and low weight.

Interventions

As noted earlier, five new interventions
(alendronate, etidronate, risedronate, raloxifene
and teriparatide) have been proposed for the
prevention or treatment of postmenopausal
osteoporosis. Four of these (alendronate,
etidronate, risedronate and raloxifene) are
licensed for use in postmenopausal women who
have, or are at risk of, osteoporosis (see section
‘Summary of product characteristics’, below).

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Population at the threshold for osteoporosis

0.342
0.536
0.845
1.397
2.190
3.426
5.604
9.268

PTH has not yet been licensed in the UK for use
in postmenopausal osteoporosis. However, in the
USA it is indicated for patients with a history of
osteoporosis-related fracture, or multiple risk
factors for such fracture, or who have failed or are
intolerant to other osteoporosis therapies.*’

The evidence for the efficacy of the five
interventions, in comparison with other
interventions that are licensed in the UK for the
prevention or treatment of postmenopausal
osteoporosis [calcium, vitamin D, calcitriol, and
hormone replacement therapy (HRT)] and with
exercise, placebo or no treatment, will be
discussed in turn below. The evidence for the
comparator treatments, in comparison with
placebo, no treatment or each other, will then be
reviewed. Although calcitonin is also licensed for
the prevention and treatment of postmenopausal
osteoporosis, the evidence for its efficacy will not
be reviewed in this report.

Summary of product characteristics
Alendronate (Merck Sharp & Dohme)
Alendronate is an oral bisphosphonate that is
licensed in the UK at 5 mg per day for the
prevention of postmenopausal osteoporosis and
the treatment of corticosteroid-induced
osteoporosis, and at 10 mg per day for the
treatment of postmenopausal osteoporosis,
corticosteroid-induced osteoporosis in
postmenopausal women not receiving HRT, and
osteoporosis in men. It is also licensed at 70 mg
per week for the treatment of postmenopausal
osteoporosis.*!

The UK licence for alendronate is held by Merck
Sharp & Dohme. It is marketed as Fosamax®.
Fosamax is available in 5- and 10-mg tablets, which
respectively contain 6.53 and 13.05 mg of
alendronate sodium (the molar equivalent to 5 and
10 mg of alendronic acid). These are available in

blister packs of 28 tablets. Fosamax is also available
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in once-weekly 70-mg tablets, which contain

91.37 mg alendronate sodium trihydrate (the
equivalent of 70 mg of alendronic acid). These are
available in blister packs of four tablets.*?

For adequate absorption, Fosamax must be taken
with at least 200 ml or 5 fluid ounces of plain
water, at least 30 minutes before the first food,
beverage (including mineral water) or medication
of the day.*?

Because of the risk of oropharyngeal ulceration,
patients should not chew the tablet or allow it to
dissolve in the mouth. They should not lie down
until after their first food of the day (at least

30 minutes after taking the tablet). Fosamax
should not be taken at bedtime or before rising for
the day.*?

Fosamax is contraindicated in patients with:

¢ abnormalities of the oesophagus or other
factors such as stricture or achalasia that delay
oesophageal emptying

¢ inability to stand or sit upright for at least
30 minutes

¢ hypersensitivity to any component of the product

¢ hypocalcaemia.

Owing to a lack of experience, Fosamax is not
recommended for patients with renal impairment
where the glomerular filtration rate is less than
35 ml per minute. It should not be given to
pregnant or lactating women.*?

Because Fosamax can cause local irritation of the
upper gastrointestinal mucosa, caution should be
used when it is given to patients with active upper
gastrointestinal problems (e.g. dysphagia,
oesophageal disease, gastritis, duodenitis or
ulcers).*?

Etidronate (Procter & Gamble Pharmaceuticals)
Etidronate is an oral bisphosphonate. It is licensed
at a dose of 400 mg per day, given for 14 days of a
90-day cycle followed by calcium carbonate for

76 days, for the prevention and treatment of
postmenopausal osteoporosis and corticosteroid-
induced osteoporosis.*!

The UK licence for etidronate is held by Procter &
Gamble. It is marketed as Didronel PMO®, as a
two-component therapy consisting of 14 Didronel
400-mg tablets and 76 Cacit® 500-mg effervescent
tablets containing 1250 mg of calcium carbonate
which, when dispersed in water, provides 500 mg
of elemental calcium as calcium citrate. Didronel

PMO is sold in compliance kits containing a
blister pack of 14 Didronel tablets and four tubes,
each containing 19 Cacit tablets.*®

Didronel should be taken at the midpoint of a
4-hour fast (i.e. 2 hours before and 2 hours after
food or medications).*

Didronel is contraindicated in patients with:

severe renal impairment

hypercalcaemia or hypercalciuria
clinically overt osteomalacia
hypersensitivity to any component of the
product.®®

It is also contraindicated in pregnant or lactating
women.

Risedronate (Alliance for Better Bone Health:
Aventis UK and Procter & Gamble
Pharmaceuticals UK)

Risedronate sodium is an oral bisphosphonate that
is licensed at a dose of 5 mg per day or 35 mg per
week for the prevention and treatment of
osteoporosis in postmenopausal women.*!

The UK licence for risedronate is held by Procter
& Gamble Pharmaceuticals UK. It is marketed as
Actonel®, in 5-mg tablets which contain 5 mg
risedronate sodium (equivalent to 4.64 mg
risedronic acid). It is available in blister packs of 14
tablets packaged in cartons of 14, 28 or 84 tablets.
Hospital packs of ten 14-tablet blister packs and
two ten-tablet blister strips are also available.*?

For adequate absorption, Actonel® must be taken,
while in an upright position, with at least 120 ml
of plain water, either at least 30 minutes before
the first food or drink (other than water) of the
day or at least 2 hours from any food or drink at
any other time of day, and at least 30 minutes
before going to bed. Patients should swallow the
tablet whole, without sucking or chewing it, and
should not lie down for 30 minutes after taking
the tablet.*

Actonel is contraindicated in patients with:

e severe renal impairment (creatinine clearance
<30 ml per minute)

¢ hypocalcaemia

¢ hypersensitivity to any component of the
product.*?

Because bisphosphonates have been associated
with oesophagitis and oesophageal ulcerations,
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caution should be used when risedronate is given
to patients with a history of oesophageal problems
that delay oesophageal transit or emptying (e.g.
stricture or achalasia), or who are unable to stay
upright for at least 30 minutes after taking the
tablet.*®

Because animal studies have shown reproductive
toxicological effects, the significance of which to
humans is unknown, risedronate should not be
given to pregnant or lactating women.*

Hypocalcaemia and other disturbances of bone and
mineral metabolism (e.g. parathyroid dysfunction
and hypovitaminosis D) should be treated at the
time of starting risedronate therapy.*®

Raloxifene (Eli Lilly and Company)
Raloxifene is a selective (o)estrogen receptor
modulator (SERM). It is licensed in the UK,
at a dose of 60 mg per day, only for the
treatment and prevention of postmenopausal
osteoporosis.*!

The UK licence for raloxifene is held by Eli Lilly.
It is marketed as Evista®. Evista is available in
60-mg tablets, which contain 60 mg of raloxifene
hydrochloride (equivalent to 56 mg raloxifene
free base). These are available in blister boxes

of 14, 28 or 84 tablets, or in bottles of 100
tablets.®”

Evista is contraindicated in women with:

¢ childbearing potential

e active or past history of venous thromboembolic
events, including deep venous thrombosis
(DVT), pulmonary embolism and retinal vein
thrombosis

¢ hypersensitivity to any component of the

product

hepatic impairment, including cholestasis

severe renal impairment

unexplained uterine bleeding

signs or symptoms of endometrial cancer.*’

Owing to a lack of experience, Evista should not
be coadministered with systemic oestrogens. In
patients with breast cancer, it should be used only
after the treatment of breast cancer, including
adjuvant therapy, has been completed.*

Evista should not be coadministered with
cholestyramine (or other anion-exchange resins).>

Teriparatide (Eli Lilly and Company)
PTH is an anabolic agent that stimulates new
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formation of high-quality bone. It is also claimed
to increase resistance to fracture. Teriparatide
[recombinant human PTH (1-34)] is identical to
the 34 N-terminal amino acid sequence of
endogenous human PTH. It has recently been
licensed in the USA at a dose of 20 pg per day for
the treatment of osteoporosis, both in
postmenopausal women at high risk of fracture
and in men with primary or hypogonadal
osteoporosis who are at high risk of fracture.*’
The UK producer of teriparatide is Eli Lilly. It is
produced as Forsteo®. Forsteo is administered as a
once-daily subcutaneous injection in the thigh or
abdomen. It is available in prefilled pens, each
containing 750 pg of teriparatide and intended
for 28 days of dosing; a new sterile needle must be
used for every injection. The prefilled pens should
be stored at 2-8°C at all times. The pens are
available in packs of one or three. The packs do
not include needles; insulin pen injection needles
can be used.” Patients must be trained in proper
injection techniques.*

The maximum total length of treatment with
Forsteo should be 18 months.**

Forsteo is contraindicated in women with:

e hypersensitivity to any component of the
product

e pre-existing hypercalcaemia

¢ severe renal impairment

¢ metabolic bone diseases other than primary
osteoporosis (including hyperparathyroidism
and Paget’s disease of the bone)

¢ unexplained elevations of alkaline phosphatase
prior radiation therapy to the skeleton.*

Forsteo should be used with caution in patients
with active or recent urolithiasis or moderate renal
impairment. It should not be used during
pregnancy or by breastfeeding women.*’

Personnel involved

Alendronate, risedronate and raloxifene can be
prescribed by GPs, as well as in specialist
osteoporosis clinics.

Equipment required

No special equipment is required to deliver any of
the interventions under review. However, special
equipment is required to undertake the single- or
dual-energy X-ray absorptiometry necessary to
determine BMD and thus ascertain the
appropriateness of therapy with these or other
antiosteoporotic agents.
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Length of treatment

It is stipulated that the maximum total length of
treatment with teriparatide should be 18 months.*
The length of treatment with the other
interventions is not specified. However, low BMD
is not so much an illness that can be cured as a
condition which, once developed, will continue,
and may deteriorate further, without the use of
some intervention. There is no evidence that, if
given for a set period, these interventions will
reduce the risk of fracture for the remainder of
the patient’s life, and the implication therefore is
that treatment is long term and open ended.

Degree of diffusion

As three of the five interventions reviewed in this
report can be prescribed by GPs as well as by
specialist osteoporosis clinics, the degree of
diffusion is substantial.

Anticipated costs
The anticipated costs depend strongly on the
intervention prescribed and on the age of the

patient. In analyses assuming women with a prior
fracture and a T-score of —2.5 SD, both
alendronate and risedronate are estimated to be
cost-saving at the age of 80 years, when the costs
associated with fractures that have been avoided
are included. These results assume that the
efficacy data seen in RCTs are applicable within
this age group; this assumption is currently
unproven. At lower ages the cost offset becomes
much lower and the expected costs of an
intervention are much higher; the expected net
costs of treating all women with severe
osteoporosis aged 65-74 years, and assuming a
T-score of —2.5 SD, with bisphosphonates is
approximately £200 million.

Assuming that the risks of fracture are doubled in
these patients, alendronate becomes cost-saving
and the net costs of treating with risedronate and
etidronate are £68 million and £193 million,
respectively.
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Chapter 3

Effectiveness

Methods for reviewing
effectiveness

Search strategy

Because of the range of interventions and
comparators under review, the literature search
aimed to identify all literature relating to the
prevention and treatment of osteoporosis. The
main searches were conducted in May and July
2002, and updated in September and October
2002. The utilities searches were performed in
October and November 2002.

Sources searched

Fourteen electronic bibliographic databases were
searched, covering biomedical, science, social
science, health economic and grey literature. A list
of the databases searched is provided in
Appendix 2.

In addition, the reference lists of relevant articles
and sponsor submissions were handsearched, and
various health services research-related resources
were consulted via the Internet. These resources
included health economics and health technology
assessment organisations, guideline-producing
agencies, registers of generic research and trials,
and specialist sites. These additional sources are
listed in Appendix 3.

Search terms

A combination of free-text and thesaurus terms
was used. General population search terms (e.g.
osteoporosis, bone, density, diseases, fracture) were
used to identify all potentially relevant studies.
Intervention terms were not used in the main
searches since it was felt that these might restrict
the results and cause possibly relevant articles to
be missed. Utilities searches were performed for
breast cancer and for osteoporosis fractures as part
of the economic evaluation section of the report.
Copies of the MEDLINE search strategies are
included in Appendix 4. Search strategies for the
other databases are available on request.

Search restrictions

No language, date or study-type restrictions were
applied to the searches. However, the BIOSIS
search was performed as title only, and the
Citation Indexes searches were limited with brief

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

clinical trials, systematic reviews, guidelines and
economics filters, and to title only, to keep the
number of hits to a sensible level. An RCT filter,
an economics and quality of life evaluations filter,
and a systematic reviews filter, were used in the
main searches performed in MEDLINE and
EMBASE to assist the identification of articles of
these types (see Appendix 5). After the searches
were completed, because of the large number of
references retrieved, only the articles identified
using these specific filters, the articles from the
databases that were not searched with filters (such
as BIOSIS) and the papers found through
handsearching, and so on, were reviewed.

Inclusion and exclusion criteria
Inclusion criteria
e Participants: women with primary osteoporosis
who were at least 6 months postmenopausal
¢ interventions:
— bisphosphonates: alendronate, etidronate and
risedronate
— SERMs: raloxifene
— teriparatide [recombinant human PTH
(1-34)]
¢ comparators:
— vitamin D
— calcitriol (a vitamin 1a-hydroxylated
derivative)
— pharmacological doses of calcium
— oestrogens (opposed and unopposed)
— exercise
— placebo
- no treatment
e outcome measures: vertebral or non-vertebral
fracture, associated effects, quality of life related
to the study intervention, continuance and
compliance
e study design: RCT5; trials were accepted as
RCTs if the allocation of subjects to treatment
groups was described by the authors as either
randomised or double-blind.

Discussion of outcome measures

Clinical, or symptomatic, vertebral fractures are
those fractures that cause sufficient discomfort for
the patient to bring them to the attention of a
health professional. They can be identified by
X-ray. However, it is also possible to suffer
vertebral fractures that do not cause sufficient
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discomfort to be reported by the patient, but that
can also be identified by X-ray. Although some
studies use only clinical fractures as their end-
point, many use fractures that are identified
radiographically: such fractures, which are termed
radiographic or morphometric, will include both
symptomatic and asymptomatic fractures. For the
most part, therefore, the vertebral fracture data
used in this report relate to radiographic fractures.
Data from one large study that reported both
clinical and radiographic fractures suggest that, as
might be expected, the relative risk of the two
types of fracture is very similar.*®

Various definitions of radiographic fractures have
been developed. Definitions that require a 20%
reduction in vertebral height are generally
recognised as producing fewer false negatives and
false positives than those that only require a 15%
reduction. In this report, therefore, data based on
a 20% fracture definition have been preferred, as
the reduction in specificity associated with the use
of a 15% definition would reduce the perceived
efficacy, and thus the cost-effectiveness, of the
intervention in question. The use of a semi-
quantitative method also results in greater
specificity than the use of a 15% definition alone.

Where necessary, the authors of included studies
were asked for additional, unpublished, fracture
data; some provided such data.

Because of the very large number of otherwise
healthy postmenopausal women who have, or are
at risk of, osteoporosis and who may be prescribed
medications as a result, issues relating to drug
toxicity are important. RCTs generally cannot
provide definitive information about drug toxicity.
They may underestimate the incidence of drug-
related adverse events, both because their
populations may not be wholly typical of the target
population (as they tend to exclude older
participants and those with co-morbidities) and
because they are not powered to identify rare,
although potentially serious, adverse events;
moreover, they do not always measure all potential
side-effects.*® For this reason, in addition to data
drawn from the studies under review, evidence
from other sources has been used when relevant in
discussing the various incidental effects, whether
adverse or beneficial, associated with the various
treatments for postmenopausal osteoporosis.

Vertebral and non-vertebral fractures are known to
affect the quality of life. However, the review of
clinical effectiveness only reports on the impact of
the study medication itself on other aspects of

health-related quality of life, as otherwise the quality
of life impact of the medication becomes confused
with its efficacy in reducing fracture incidence.

Continuance and compliance take on particular
importance in relation to preventive therapies.
Continuance is here understood to mean
continuing in principle to take the relevant
medication, while compliance relates to taking it
consistently and in accordance with the dosage
regimen. The risk of non-continuance or non-
compliance with prescribed medication is
particularly high in patients with asymptomatic
chronic diseases or risk factors that require long-
term preventive medication;*” postmenopausal
women with, or at risk of, osteoporosis clearly fall
into this category. Continuance and compliance
depend on a number of properties of the
medication in question, including tolerability,
convenience of administration, the patient’s
perception of its safety and quality of life while on
treatment.*” Adherence to, and compliance with,
medication are clearly important in relation to the
actual, rather than theoretical, efficacy of the
interventions under study and therefore, as with
adverse effects, data drawn from the studies under
review will be supplemented with data from other
sources when relevant.

Exclusion criteria

Studies were excluded if they included participants
with secondary osteoporosis (e.g. related to
therapy with corticosteroids), or drew their
participants exclusively from patients with specific
diseases known to affect fracture rates (e.g.
Parkinson’s disease).

Only published studies (including those only
available in abstract form) were included. As
unpublished studies are more likely than
published studies to demonstrate small or absent
treatment effects, it is recognised that this
approach is likely to overestimate the true effects
of treatment. However, it was not possible in the
time available to seek out unpublished studies.

It had originally been intended to include all
relevant studies, whatever the language of
publication. However, for practical reasons, it was
possible only to include those published in
English, French, German, Italian or Spanish. This
led to the exclusion of one possibly relevant study
published only in Japanese.*®

Sifting
In principle, the references identified by the
literature searches were sifted in two stages, being
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screened for relevance first by title and then by
abstract. However, as it was not possible to identify
all relevant studies with fracture outcomes from
titles alone, the title sifting stage was used
essentially to reject studies that were clearly
irrelevant. Following this, the abstracts of all
studies that used the relevant interventions in the
relevant populations were screened (for studies
that did not provide abstracts, the full studies were
screened). Twenty-eight studies that had been
identified by the literature searches were not
identified as relevant at the abstract sifting stage,
but were identified from other reviews as reporting
fracture outcomes.>***" The reason for this was
that, as fracture was only a secondary outcome
measure in many studies, it was not reported in
the abstract.

Data extraction strategy
Data were extracted by one reviewer, using
customised data extraction forms.

Where available, the following data will be
reviewed:

incident vertebral fractures

incident non-vertebral fractures

incident hip fractures

incident wrist fractures

quality of life

associated effects (both adverse and beneficial)
continuance and compliance.

Quality assessment strategy

The methodological quality of all trials that met
the inclusion criteria was assessed using7 the tool
developed by Gillespie and colleagues.’® This tool
was selected because it was intended specifically
for the assessment of randomised or quasi-
randomised trials of interventions designed to
prevent fractures associated with osteoporosis.

The quality assessment tool included the following
items:

adequacy of randomisation and masking of
randomisation

blinded assessment of outcomes: whether
outcome assessors were blind to subjects’
treatment allocation

withdrawals: whether the outcomes of people
who withdrew were described and included in
the analysis

comparability of groups at baseline
confirmation of diagnosis of hip or other
appendicular skeleton fracture

method of diagnosis of vertebral fracture.
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Definitions of the various levels of randomisation
and concealment of randomisation derived from
Prendiville and colleagues’” were incorporated in
the tool (see Appendix 6).

It is recognised that the quality assessment tool
assesses reporting quality, and not necessarily the
true methodological quality of each study.
However, where trials were reported in more than
one publication, the quality score was calculated
on the basis of the combined data from all
relevant publications.

Blinding of the quality assessors to author,
institution or journal was not considered
necessary.’>"?

The quality assessment of studies included in the
review of clinical effectiveness was carried out by
one researcher.

Meta-analysis strategy

Studies that met the review’s entry criteria were
eligible for inclusion in the meta-analyses
provided that they reported fracture incidence
in terms of the number of subjects suffering
fractures, as this enabled calculation of the
relative risk of subjects in the intervention
group developing a new fracture or fractures,
compared with subjects in the control group.
Studies that reported only numbers of fractures,
or fracture rates (i.e. numbers of fractures per
100 or 1000 patient-years) could not be
included in the meta-analyses unless it was
possible to obtain from the authors unpublished
information on the number of subjects who
suffered fractures. The meta-analysis of data
relating to numbers of fractures or fracture rates
would have violated the basic statistical
assumption that the occurrence of one event does
not increase the likelihood of a subsequent
event,®” since once a subject has suffered an
osteoporotic fracture, the risk of a subsequent
fracture increases.?!"%2

Ideally, only those studies that had fracture as a
primary end-point would have been included in
the meta-analyses. However, pragmatically this was
not possible as very few studies met this criterion
(see Appendix 7). Meta-analysis was carried out
with Review Manager (RevMan, Cochrane
Collaboration; 2000), using the random-effects
model, as this both allows generalisation beyond
the sample of patients represented by the studies
included in the meta-analysis and provides wider,
more conservative confidence intervals than the
fixed-effects model.*
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Potentially relevant articles identified
and screened for retrieval: n = 12,375

Papers rejected at the title stage:

A4

Total abstracts screened: n = 639

n= 11,736

A4

Papers rejected at the abstract stage:
n =470

N

Total full papers screened: n = 169

v

Full papers excluded: n = 83

N

Total full papers accepted: n = 86
(relating to 52 studies of clinical
effectiveness)

A4

FIGURE 4 Summary of study selection and exclusion: electronic literature searches

Since the end-point of interest was fracture, it
seemed appropriate (with due respect to
Meunier®) to include open-label studies.

To ensure comparability, the meta-analyses of
vertebral fractures only pooled data from studies

that used the same definition of vertebral fracture.

Where possible, data were pooled from studies
using a definition that required a 20% or greater
reduction in anterior, middle or posterior
vertebral height: as noted above, this definition
was felt to identify fractures more reliably than a
definition that required a 15% or greater
reduction.

Results: quantity and quality of
research available

Number of studies of clinical efficacy
identified

The electronic literature searches identified 12,375

potentially relevant articles. Of these, 86 articles

related to 52 trials that compared an intervention
of interest with a relevant comparator (Figure 4).

As noted earlier, 28 studies that had been
identified by the electronic literature searches were
initially rejected at either the title or the abstract
stage; it was only realised that they contained
relevant data as a result of references in other
sources. In addition, a further ten relevant
studies®® 92 were identified only from citations.

Number and type of studies included
A total of 90 individual RCTs met the review
inclusion criteria; these are listed in Appendix 8.
Given the volume of the evidence, it was not felt
necessary to include other study designs.

Number and type of studies excluded,
with reasons

As detailed above, a very large number of studies
that did not meet the inclusion criteria were
therefore excluded as part of the sifting process.
Details are therefore given only of those studies
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that were excluded at the full paper stage, and
then only if the reason for exclusion was not
immediately apparent from the full text. Such
studies, and the reasons for their exclusion, are
listed in Appendix 9.

Tabulation of quality of studies

This report reviews evidence relating to a large
number of interventions and comparators. The
quality of studies relating to each intervention is
therefore tabulated and discussed in turn as part
of the discussion of the nature of the evidence
relating to that intervention.

Tabulation and discussion of results;
assessment of effectiveness

The results relating to the five interventions of
interest (alendronate, etidronate, risedronate,
raloxifene and teriparatide) are tabulated and
discussed in turn in the following sections; their
effectiveness is also assessed in those sections. In
each case, studies that compare the intervention
with other active interventions are discussed
before those that compare the intervention with
placebo or no treatment. Comparisons of the
comparator treatments with placebo, no treatment
or each other are reviewed in the section ‘Results:
comparator treatments’ (p. 52). Particular
emphasis will be given to the results of studies that
use the interventions in their current licensed
doses.

Studies in which both the intervention and control
groups receive either calcium and/or vitamin D or
HRT in comparable doses are treated as
comparisons with placebo/no treatment.

Where appropriate, evidence from other studies
will be used to supplement data from the studies
under review in relation to the non-skeletal
beneficial and adverse effects of the interventions,
and in relation to continuance and compliance
with treatment (see ‘Inclusion criteria’, p. 15).

Alendronate

Quantity and quality of research available:
alendronate in postmenopausal osteoporosis or
osteopenia

Fourteen RCTs were identified that compared
alendronate with the other interventions and
comparators reviewed in this report, in
postmenopausal osteoporosis or osteopenia, and
that reported fracture outcomes.??5%60:93-103 Ty
of these were comparative studies.’*** One study®
specifically studied the effects of alendronate in
ambulatory residents of long-term care facilities.
Another study looked specifically at the impact of
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alendronate in women who were already taking
HRT 0!

One 3-year study'”” pooled data from two
multicentre dose-ranging trials with identical
designs. The pooling of data from the two trials,
and from the three alendronate groups within
each study, was preplanned as it was anticipated
that neither trial alone, nor any one dose group,
would be large enough to demonstrate a treatment
effect in relation to fracture outcomes. Data
relating to a 4-year extension of this study were
not used, as the study was no longer truly
randomised.'**

One of the comparative studies’® compared
alendronate with oestrogen, either alone or in
combination with alendronate; it was limited to
hysterectomised women to avoid any possible
confounding effects of progestin therapy or
withdrawal bleeding. All participants received
supplementary calcium. The other comparative
study compared alendronate with teriparatide;
both groups received supplementary calcium and
vitamin D (for details, see Appendix 10, Tables 132
and 133).%

Thirteen studies’®**9%95-19 compared
alendronate with placebo or no treatment. In eight
of these trials, all women, including those in the
placebo or no treatment group, received elemental
calcium at a dose of 500 mg??5%93.95.96.101.103 ¢y
1000%” mg per day. In the Fracture Intervention
Trial (FIT),”®% women whose dietary calcium
intake at baseline was less than 1000 mg per day
were given 500 mg per day of elemental calcium
and 250 TU per day of vitamin D; another study®
gave such a supplement to all women whose daily
dietary calcium intake was less than 1500 mg,
while all participants received 400 IU vitamin D
daily. In another study,'® all subjects were
counselled to achieve a dietary calcium intake of
1200 mg, using supplements if necessary. Finally,
another study'”! provided participants whose daily
calcium intake at baseline was less than 1000 mg
per day with supplements to achieve a daily intake
of at least 1000 mg; all participants were given
400 IU vitamin D daily.

In most of the studies that compared alendronate
with placebo or no treatment, some or all of the
subjects received alendronate at a dose of 10 mg
per day,2+60.93.96.97.100-102 The Fracture
Intervention Trial”®* used a dose of 5 mg per day
for the first 24 months, followed by 10 mg per day
for the remainder of the study period. One of the
remaining studies'” used a dose of 20 mg per
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TABLE 12 Alendronate 10 mg per day in postmenopausal osteoporosis: comparisons with active treatment

Study Comparator Type of

fracture

Body, 2002% Teriparatide Non-vertebral

(40 mg per day) fracture
Bone, 2000°2 CEE (0.625 mg per day) All clinical
fractures
Bone, 2000°2  CEE (0.625 mg per day) Al clinical
plus alendronate fractures

CEE, conjugated equine oestrogen.

day, and another” a range of low doses (1.0, 2.5
and 5.0 mg per day) (see Appendix 10, Table 132).

One study was carried out in women with severe
osteoporosis,98 four studies were conducted in
women with osteoporosis,’*%91% ejght in women
with osteoporosis or osteopenia,®093:99:97:99.101-103
and one study in women with osteopenia® (see
Appendix 10, Tables 132 and 133 for details).

As published, the quality of many of the studies of
alendronate in women with osteoporosis or
osteopenia appeared to be poor: in particular, few
provided evidence of appropriately masked
randomisation or of blinded outcome assessment.
However, the largest studies, the two arms of the
Fracture Intervention Trial,*®% were reported to
have been of high quality. In addition, Merck
Sharp & Dohme have confirmed that all the
studies that they conducted®*60-9%:95.100-102 ;64
masked randomisation and blinded outcome
assessment. These comments have been taken into
account in assessing the quality of those studies.
However, as no detail was provided of the methods
used to mask randomisation, a score of 2 was
given to those studies that lacked published
evidence that the method used did not allow
disclosure of assignment (see Appendix 10,

Tuble 134).

Assessment of effectiveness of alendronate in
postmenopausal osteoporosis or osteopenia
Comparisons with active treatment

Both of the comparative studies used
alendronate at the dose (10 mg per day) currently
licensed in the UK for treatment of osteoporosis.
One study’® reported only clinical fractures: most
of these were non-vertebral, occurring at sites such

52,94

No. of subjects
suffering fracture

Alendronate = Comparator RR of fracture
(95% ClI):
alendronate vs
comparator

10/73 3/73 3.33 (0.96 to 11.62)

5/92 10/143 0.78 (0.27 to 2.20)
5/92 8/140 0.95 (0.32 to 2.82)

as foot, ankle and rib, most frequently as a result
of trauma. There were no significant differences in
terms of the numbers of women suffering such
fractures between alendronate alone, oestrogen,
and combined alendronate/oestrogen therapy. The
other study” compared alendronate with
teriparatide; it reported the numbers of women
suffering non-vertebral fracture. Although the
point estimate favoured teriparatide, the confidence
intervals cross unity (Table 12). Vertebral fractures
were not reported, but back pain was reported
significantly more frequently by women in the
alendronate group (19%) than by those in the
teriparatide group (6%, p = 0.012). Mean height
did not change from baseline in either group.

Comparisons with placebo or no treatment

Vertebral fracture

Only seven of the non-comparative
studies®®95-190:19% provided any information on the
incidence of radiographic vertebral fractures. Two
of these®®!" reported that there had been no
vertebral fractures; they did not state what fracture
definition had been used. Only three of the
remaining five stated that they used a 20%
fracture definition.?”"1% Of these, one only
presented pooled data on the number of women
receiving alendronate at different doses who
suffered vertebral fracture;'%’ another (the
Fracture Intervention Trial)*®% did not use the
current licensed dose for the full length of the
study (1able 13).

The only study that provided usable data on the
impact of alendronate at a dose of 10 mg per day
on vertebral fracture rates, measured using a 20%
fracture definition, was the study by Dursun and
colleagues.”” This found that the relative risk of
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TABLE 13 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: vertebral fracture

data
Study
Adami, 1995
Bone, 1997%°

Bone, 20002

Carfora, 1998%

Chesnut, 1995

Dursun, 2001°7

FIT: women
with pre-existing
fractures®®

FIT: women
without pre-
existing

fractures”’

Greenspan,
20024

Liberman,

199500

Lindsay, 1999'°'

Pols, 1999'%2

Rossini, 1994'03

Alendronate dose

10 and 20 mg per day

I, 2.5 and 5 mg per day

10 mg per day
5 and 10 mg per day;
20 mg per day for

|15 months/placebo for
15 months

5, 10, 20 and 40 mg
per day

10 mg per day

5 mg per day increased
after 2 years to 10 mg
per day

5 mg per day increased
after 2 years to 10 mg
per day

10 mg per day

5, 10 and 20 mg per day
decreased to 5 mg per
day after 2 years

10 mg per day

10 mg per day

20 mg per day

NA, not applicable.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Fracture
definition

NA

20%

NA

Not given

Not given

20%

20%

20%

NA

20%

NA

NA

Not stated

No. of women in each group suffering vertebral
fracture

Clinical fracture data only presented; site not specified

Alendronate | mg: 4

Alendronate 2.5 mg: 3

Alendronate 5 mg: 4

Placebo: 6

RR not calculable as denominators not available; difference
between groups said by investigators not to be statistically
significant

Clinical fracture data only presented

Alendronate 5 mg: 5.88%

Alendronate 10 mg: 2.94%

Alendronate 20 mg: 8.82%

Placebo: 11.8%

As the actual numbers of women suffering fracture were
not stated, RRs could not be calculated

There were no vertebral fractures in any subject

Alendronate: 12/38
Control: 14/40
RR 0.90 (95% CI 0.48 to 1.69)

Alendronate: 78/98 |
Placebo: 145/965
RR 0.53 (95% Cl 0.41 to 0.69)

Alendronate: 43/2057

Placebo: 78/2077

RR 0.56 (95% ClI 0.39 to 0.80) (the reduction in relative
risk was significant in those women whose initial T-score
was < -2.5 (RR 0.50, 95% CI 0.31 to 0.82), but not in
those with initial T-scores >-2.5)

Clinical fracture data only presented; site not specified

Pooled alendronate groups: 17/526

Placebo: 22/355

RR 0.52 (95% CI 0.28-0.97) [this decreased risk was still
seen when stratified by age (<65 or =65 years) or the
presence or absence of a previous vertebral fracture]

No symptomatic vertebral fractures were identified in
either group

Vertebral fractures not investigated

No subjects suffered vertebral fracture during the study
period
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Comparison: 01 Alendronate 5-10 mg - vertebral fracture
Outcome:

01 Postmenopausal women with osteoporosis (including established osteoporosis): no. suffering vertebral fracture

Favours treatment

Alendronate 5-10 mg  Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

FIT, non-fracture arm* 78/981 145/965 B 84.9 0.53 (0.41 to 0.69)

Liberman, 1995'% 17/526 22/355 —8— 15.1 0.52 (0.28 t0 0.97)
Total (95% Cl) 95/1507 167/1320 > 100.0 0.53 (0.42 t0 0.67)
Test for heterogeneity x2 = 0.00, df = |, p = 0.97
Test for overall effect z = -5.21, p < 0.00001

01 02 | 5010

Favours control

FIGURE 5 Alendronate: vertebral fracture in severe postmenopausal osteoporosis or osteoporosis

vertebral fracture in women with osteoporosis or
osteopenia treated with alendronate, compared
with controls, was 0.90 (95% CI 0.48 to 1.69).
However, this was a small, relatively short (1-year),
study whose quality, as reported, seems relatively
low. Despite using a dose of only 5 mg for its first
2 years, the non-fracture arm of the much larger,
high-quality, Fracture Intervention Trial
demonstrated a greater treatment effect, finding a
relative risk of vertebral fracture of 0.56 (95% CI
0.39 to 0.80) compared with placebo in women
with osteoporosis or osteopenia and without pre-
existing fracture who received alendronate,” and
of 0.53 (95% CI 0.41 to 0.68) in women with
severe osteoporosis who received alendronate.”
The result in women with severe osteoporosis was
consistent regardless of age, BMD, number of pre-
existing fractures or history of postmenopausal
fracture.” It therefore does not seem appropriate
to regard the results of the Fracture Intervention
Trial as irrelevant to contemporary practice simply
because it did not use a dose of 10 mg for the full
length of the study. The same argument can also
be applied to another study that used a 20%
vertebral fracture definition, that of Liberman and
colleagues,100 which presented pooled data
relating to women with osteoporosis without
fracture who received alendronate at doses of 5
and 10 mg for 3 years and at 20 mg for 2 years
followed by 5 mg for 1 year.

Pooling of data from the fracture arm of the
Fracture Intervention Trial”® and from the study
by Liberman and colleagues'” indicates a relative
risk of vertebral fracture of 0.53 (95% CI 0.42 to
0.67) in women with osteoporosis or severe
osteoporosis receiving alendronate, compared with

controls (Figure 5). This is very similar to the
figures obtained in a preplanned analysis of
women with osteoporosis or severe osteoporosis
from both the fracture and the non-fracture arm
of the Fracture Intervention Trial: this found a
relative risk of radiographic fracture of 0.52 (95%
CI 0.42 to 0.66, p < 0.001), and of clinically
apparent vertebral fractures of 0.55 (95% CI 0.36
to 0.82, p = 0.003) in treated women compared
with controls. The relative risk of multiple
radiographic vertebral fractures in treated women
was 0.13 (95% CI 0.07 to 0.25, p < 0.001).*

Pooling of data from the non-fracture arm of the
Fracture Intervention Trial” with data from
studies by Dursun and colleagues97 and Liberman
and colleagues100 indicates a relative risk of
vertebral fracture in women with osteoporosis
without fracture or osteopenia who received
alendronate, compared with controls, of 0.60 (95%
CI 0.46 to 0.80) (Figure 6). This is slightly higher
than the relative risk seen in women with severe
osteoporosis or osteoporosis, suggesting that
alendronate may be less effective in women with
osteopenia than in those with osteoporosis. This is
supported by the fact that the non-fracture arm of
the Fracture Intervention Trial found a significant
reduction in relative hazard (RH) of vertebral
fracture in those women whose initial T-score was
-2.5 or less (RH 0.50, 95% CI 0.31 to 0.82), but
not in those with initial T-scores between —2.5 and
—2.0 (RH 0.54, 95% CI 0.28 to 1.04) or between
-2.0 and -1.6 (RH 0,82, 95% CI 0.33 to 2.07).%
These data were not presented in a form that
permitted the calculation of relative risks, and
thus are not wholly comparable with the other
results presented here.
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Comparison: 01 Alendronate 5-10 mg - vertebral fracture
Outcome: 05 Postmenopausal women with osteoporosis osteoporosis or osteopenia - vertebral fracture
Alendronate 5-10mg  Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Dursun, 2001% 12/38 14/40 —II— 20.1 0.90 (0.48 to 1.69)

FIT, non-fracture arm*’ 432057 78/2077 - 59.1 0.56 (0.39 to 0.80)

Liberman, 1995'% 17/526 22/355 —a— 20.8 0.52 (028 t0 0.97)
Total (95% Cl) 722621 1142472 > 100.0 0.60 (0.46 to 0.80)
Test for heterogeneity 2 = 2.00, df = 2,p = 0.37
Test for overall effect z = -3.49, p < 0.0005

o1 02 | 510
Favours treatment  Favours control

FIGURE 6 Alendronate: vertebral fracture in postmenopausal osteoporosis or osteopenia

Alendronate thus appears to reduce the risk of
vertebral fracture both in women with severe
osteoporosis and in those with osteoporosis
without fracture. However, it is not clear that it
reduces the risk of vertebral fracture in women
with osteopenia.

Non-vertebral fracture
Eleven studies presented data relating to non-
vertebral fracture (Tuble 14).

Only two of the studies that used a dose of 10 mg
per day in women who were not taking HRT
provided non-vertebral fracture data in a form
that could be used in a meta-analysis.w2’105 One of
these studied women with osteoporosis without
vertebral fracture,'?’ the other women with
osteoporosis or osteopenia.'”® Pooling of data
from these studies indicated a relative risk of non-
vertebral fracture in such women of 0.56 (95% CI
0.36 to 0.89). Addition of data from the non-
fracture arm of the Fracture Intervention Trial®’
indicated a relative risk of non-vertebral fracture
of 0.74 (95% CI 0.52 to 1.06) for women with
osteoporosis or osteopenia treated with
alendronate (Figure 7). However, subgroup analysis
of data from the non-fracture arm of the Fracture
Intervention Trial”® suggests that, although
alendronate has a significant effect on non-
vertebral fractures in osteoporotic women (RR
0.64, 95% CI 0.58 to 0.82), it does not in those
who are only osteopenic (RR 1.08, 95% CI 0.87 to
1.35).

Meta-analysis combining data from the fracture

arm of the Fracture Intervention Trial®® with data
from the Liberman study100 indicated a relative
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risk of non-vertebral fracture of 0.81 (95% CI 0.66
to 0.98) in women with severe osteoporosis or
osteoporosis treated with alendronate (Figure 8).

The study of alendronate in women receiving
HRT'! did not produce a statistically significant
result in relation to non-vertebral fracture (RR in
the alendronate group 1.67, 95% CI 0.75 to 3.73).

Thus, alendronate has been shown to reduce the
risk of non-vertebral fracture in women with
osteoporosis without fracture. Moreover, a
preplanned analysis of women with osteoporosis or
severe osteoporosis from both the fracture and the
non-fracture arm of the Fracture Intervention Trial
found that the relative risk of any non-vertebral
fracture in such women receiving alendronate was
0.73 (95% CI 0.61 to 0.87, p < 0.001), and of an
osteoporotic non-vertebral fracture was 0.64 (95%
CI 0.51 to 0.80, p = 0.002).*” These figures are
not inconsistent with those obtained by combining
data from the fracture arm of the Fracture
Intervention Trial® and from the Liberman
study'” (see above).

Hip, wrist and other non-vertebral fractures
Few studies reported specifically on hip, wrist or
other non-vertebral fractures (Tables 15-17).

Pooling of data in women with osteoporosis or
osteopenia’®1?” indicated a relative risk of hip
fracture of 0.68 (95% CI 0.30 to 1.54) and of wrist
fracture of 0.67 (95% CI 0.19 to 2.32) in those
receiving alendronate (Figures 9 and 10).

By comparison, a greater antifracture effect was
seen when data were pooled relating to women
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TABLE 14 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: non-vertebral
fracture data

Study
Adami, 1995%
Bone, 1997%°

Bone, 20002

Carfora, 19987

Chesnut, 1995>*

FIT: women with

pre-existing fractures”®

FIT: women without

pre-existing fractures®’

Greenspan, 2002%°

Liberman, 1995'%

Lindsay, 1999'°'

Pols, 1999'%2

Alendronate dose

10 and 20 mg per day

I, 2.5 and 5 mg per day

10 mg per day

5, 10 and 20 mg per day

5, 10, 20 and 40 mg per day

5 mg per day increased
after 2 years to
10 mg per day

5 mg per day increased
after 2 years to

10 mg per day

10 mg per day

5, 10 and 20 mg per day
decreased to 5 mg per day
after 2 years

10 mg per day

10 mg per day

No. of women in each group suffering non-vertebral fracture

Alendronate 10 mg: 1/68

Alendronate 20 mg: 1/72

Placebo: 3/71

(may include clinical vertebral fractures)

RR, alendronate 10 mg vs placebo, 0.35 (95% CI 0.04 to 3.26)

Alendronate | mg: 15/86

Alendronate 2.5 mg: 9/89

Alendronate 5 mg: 9/93

Placebo: 16/91

RR, alendronate 5 mg vs placebo, 0.55 (95% CI 0.25 to 1.08)

Alendronate 10 mg: 4/92

Placebo: 4/50

RR 0.68 (95% CI 0.19 to 2.42)

Includes clinical vertebral fractures. Most fractures were non-
vertebral, occurring at sites such as foot, ankle and rib, and most
occurred as a result of trauma

RR, alendronate vs placebo, 0.55 (authors’ calculation; confidence
intervals and numbers of women suffering fractures not supplied)

I3 non-vertebral fractures occurred in |12 subjects. These were
evenly distributed across treatment groups and were not
considered related to therapy

Alendronate: 122/1022
Placebo: 148/1005
RR 0.81 (95% CI1 0.65 to 1.01)

Alendronate: 261/2214
Placebo: 294/2218
RR 0.89 (95% CI 0.76 to 1.04)

Alendronate: |13 (8%)

Placebo: 18 (11%)

As the number of women in each group was not stated, it was not
possible to calculate RR

Alendronate: 45/597
Placebo: 38/397'%
RR 0.79 (95% CI 0.52 to 1.19)

Alendronate: 15/214
Control: 9/214
RR 1.67 (% CI 0.75 to 3.73)

Alendronate: 19/950
Control: 36/958
RR 0.52 (95% CI 0.30 to 0.89)



Health Technology Assessment 2005; Vol. 9: No. 22

Comparison: 08 Alendronate 5-10 mg - non-vertebral fracture
Outcome: 01 Postmenopausal women with osteoporosis or osteopenia - non-vertebral fracture
Alendronate 5-10 mg  Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
FIT, non-fracture arm* 261/2214 294/2218 i 58.5 0.89 (0.76 to 1.04)
Liberman, 1995'% 7/94 21/192 — 8 [5.1 0.68 (0.30 to 1.54)
Pols, 1999!%2 19/950 37/958 —a— 26.4 0.52 (0.30 to0 0.89)
287/3258 352/3368 - 100.0 0.74 (0.52 to 1.06)
Total (95% Cl)
Test for heterogeneity x2 = 3.78,df = 2,p = 0.15
Test for overall effect z = -1.62,p = 0.10
o1 02 | 510
Favours treatment ~ Favours control

FIGURE 7 Alendronate: non-vertebral fracture in postmenopausal osteoporosis or osteopenia

Comparison: 03 Alendronate 5-10 mg - non-vertebral fractures
Outcome: 04 Postmenopausal women with osteoporosis or established osteoporosis — non-vertebral fracture
Alendronate 5-10mg  Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

FIT, fracture arm* 122/1022 148/1005 774 0.81 (0.65 to 1.01)

Liberman, 1995'® 45/597 38/397 226 0.79 (0.52 to 1.19)
Total (95% Cl) 167/1619 186/1402 100.0 0.81 (0.66 t0 0.98)
Test for heterogeneity x2 = 0.01,df = |,p = 0.9
Test for overall effect z = -2.16, p = 0.03

01 02 i 510
Favours treatment  Favours control

FIGURE 8 Alendronate: vertebral fracture in severe postmenopausal osteoporosis or osteoporosis

TABLE 15 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: hip fracture data

Study

FIT: women with

pre-existing fractures’®

FIT: women without

pre-existing fractures””

Greenspan, 2002%°

Liberman, 1995'%

Alendronate dose

5 mg per day increased
after 2 years to 10 mg
per day

5 mg per day increased
after 2 years to 10 mg
per day

10 mg per day

5, 10 and 20 mg per day
decreased to 5 mg
per day after 2 years

No. of women in each group suffering hip fracture

Alendronate: |1/1022
Placebo: 22/1005
RR 0.49 (95% Cl10.24 to 1.01)

Alendronate: 19/2214
Placebo: 24/2218
RR 0.79 (95% Cl 0.44 to 1.44)

Alendronate: 2

Placebo: 4

As the number of women in each group was not stated, it was not
possible to calculate RR

Alendronate: 1/597
Placebo: 3/397'%
RR 0.22 (95% CI1 0.02 to 2.12)
25
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TABLE 16 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: wrist fracture data

Study Alendronate dose

FIT: women with
pre-existing fractures

5 mg per day increased
after 2 years to 10 mg
per day

98

FIT: women without
pre-existing fractures

5 mg per day increased
after 2 years to 10 mg
per day

99

Liberman, 1995'%° 5, 10 and 20 mg per day
decreased to 5 mg

per day after 2 years

No. of women in each group suffering wrist fracture

Alendronate: 22/1022
Placebo: 41/1005
RR 0.55 (95% CI 0.32 to 0.88)

Alendronate: 83/2214
Placebo: 70/2218
RR 1.19 (95% CI1 0.87 to 1.62)

Alendronate: 8/597
Placebo: 16/397'%
RR 0.33 (95% CI 0.14 to 0.77)

TABLE 17 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: other non-vertebral

fracture data

Study Alendronate dose

No. of women in each group suffering other non-vertebral

fracture

FIT: women with
pre-existing fractures

5 mg per day increased
after 2 years to 10 mg
per day

98

FIT: women without
pre-existing fractures’®

5 mg per day increased
after 2 years to 10 mg
per day

Alendronate: 100/1022
Placebo: 99/1005
RR 0.99 (95% ClI 0.75 to 1.29)

Alendronate: 182/2214
Placebo: 227/2218
RR 0.79 (95% CI 0.67 to 0.97)

Comeparison: 04 Alendronate 5-10 mg - hip fractures
Outcome:

02 Postmenopausal women with osteoporosis or osteopenia - hip fracture

Favours treatment

Alendronate 5-10mg  Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

FIT, non-fracture arm® 19/2214 242218 — 87.9 0.79 (0.4 to 1.44)

Liberman, 1995'% 1/597 3/397 = 12.1 0.22 (0.02 to 2.12)
Total (95% Cl) 20/281 1 27/2615 i 100.0 0.68 (0.30 to 1.54)
Test for heterogeneity x> = 1.15,df = |,p = 0.28
Test for overall effect z = -0.93,p = 0.4

0l 02 | 510

Favours control

FIGURE 9 Alendronate: hip fracture in postmenopausal osteoporosis or osteopenia

with severe osteoporosis or osteoporosis: the
relative risk of hip fracture was 0.46 (95% CI 0.23
to 0.91) and of wrist fracture was 0.48 (95% CI
0.31 to 0.75) in women treated with alendronate
(Figures 11 and 12).

These results are consistent with those obtained in
a preplanned analysis of women with osteoporosis
or severe osteoporosis from both the fracture and
the non-fracture arm of the Fracture Intervention

Trial, which found that the relative risk of hip
fracture in such women receiving alendronate was
0.47 (95% CI 0.26 to 0.79) and of wrist fracture
was 0.70 (95% CI 0.49 to 0.98).%°

Thus, alendronate has been shown to reduce the
risk of non-vertebral fracture in women with
osteoporosis without fracture. Moreover, a
preplanned analysis of women with osteoporosis or
severe osteoporosis from both the fracture and the
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Comparison: 05 Alendronate 5-10 mg - wrist fractures

Outcome: 02 Postmenopausal women with osteoporosis or osteopenia — wrist fracture
Alendronate 5-10 mg  Placebo RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
FIT, non-fracture arm® 83/2214 70/2218 549 1.19(0.87 to 1.62)
Liberman, 1995'% 8/597 16/397 —u— 45.1 0.33(0.14t0 0.77)
Total (95% Cl) 9172811 86/2615 100.0 0.67 (0.19 t0 2.32)

Test for heterogeneity X2 =778, df = I, p=0.0053
Test for overall effect z = -0.63,p = 0.5

0.1 02 | 5 10
Favours treatment  Favours control

FIGURE 10 Alendronate: wrist fracture in postmenopausal osteoporosis or osteopenia

Comeparison: 04 Alendronate 5-10 mg - hip fractures

Outcome: 01 Postmenopausal women with established osteoporosis or osteoporosis - hip fracture
Alendronate 5-10mg  Placebo RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
FIT, fracture arm™ 11/1022 22/1005 — 908  0.49(0.24t0 1.01)
Liberman, 1995'% 1/597 3397 ° 9.2 0.22 (0.02 to 2.12)
Total (95% Cl) 12/1619 25/1402 ———— 100.0 0.46 (0.23t0 0.91)

Test for heterogeneity 2 = 0.43,df = |,p = 0.51
Test for overall effect z = -2.24, p = 0.02

0.1 02 | 5 10
Favours treatment  Favours control

FIGURE 11 Alendronate: hip fracture in severe postmenopausal osteoporosis or osteoporosis

Comparison: 05 Alendronate 5-10 mg - wrist fractures

Outcome: 01 Postmenopausal women with established osteoporosis or osteoporosis — wrist fracture
Alendronate 5-10 mg  Placebo RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
FIT, fracture arm*® 22/1022 41/1055 — 1 72.1 0.55(0.33 t0 0.92)
Liberman, 1995'% 8/597 16/397 —a— 27.9 0.33(0.14t0 0.77)
Total (95% ClI) 30/1619 57/1452 - 100.0 0.48 (0.31 t0 0.75)
Test for heterogeneity 2 = 1.04, df = |,p = 0.31
Test for overall effect z = -3.20, p = 0.001

0.1 02 | 5 10
Favours treatment  Favours control

FIGURE 12 Alendronate: wrist fracture in severe postmenopausal osteoporosis or osteoporosis
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non-fracture arm of the Fracture Intervention Trial
found that the relative risk of any non-vertebral
fracture in such women receiving alendronate was
0.73 (95% CI 0.61 to 0.87, p < 0.001) and of an
osteoporotic non-vertebral fracture was 0.64 (95%
CI 0.51 to 0.80, p = 0.002). The relative risk of
hip fracture was 0.47 (95% CI 0.26 to 0.79,

$p = 0.005) and of wrist fracture was 0.70 (95% CI
0.49t0 0.98, p = 0.038).45 These figures are not
inconsistent with those obtained by combining
data from the fracture arm of the FIT study98 and
from the Liberman study100 (see above).

Quality of life

Only one study”’ set out to measure the effect of
alendronate treatment on health-related quality of
life, as measured by the Nottingham Health
Profile (NHP). At 12 months, there were
statistically significant mean reductions (indicating
improvements) in the alendronate group, but not
in the control group, in the NHP scores for pain,
social isolation, energy level and physical ability.
In addition, pain, as measured on a visual
analogue scale (VAS), decreased significantly from
baseline in the alendronate group but not in the
control group. As the baseline emotional reaction
score was significantly lower in the alendronate
group than in the control group, the authors
recognised that this might have affected the
reliability of their result in terms of that parameter
of quality of life.

The vertebral fracture arm of the Fracture
Intervention Trial also collected data on the effects
of alendronate on back pain and days of
functional limitation or bed rest. Women in the
treatment group had significantly fewer days in
bed due to back pain than the placebo group
(mean of 1.9 days over a 3-year period versus 5.1
days, p = 0.001) and fewer days of limited activity
because of such pain (mean of 61.8 days versus
73.2, p = 0.04).1%

Quantity and quality of research available:
alendronate in early postmenopausal women not
selected for low BMD

Two RCTs%197 were found that studied the use of
alendronate in early postmenopausal women who
were not specifically selected for low BMD, and
that reported fracture outcomes. One of these, the
Alendronate Osteoporosis Prevention Study
(AOPS),% compared doses of 1, 5 and 10 mg per
day, and 20 mg per day for 2 years followed by
placebo for 1 year, with placebo in postmenopausal
women with normal BMD or osteopenia. The other,
the Early Postmenopausal Intervention Cohort
(EPIC) study,”"!%7 compared various regimens

involving alendronate in doses of 2.5 or 5 mg per
day with HRT and with placebo in women, no
more than 10% of whom had low BMD. In
addition, Merck Sharp & Dohme have confirmed
that both studies used masked randomisation and
blinded outcome assessment. These comments
have been taken into account in assessing the
quality of those studies. However, as no detail was
provided of the methods used to mask
randomisation, a score of 2 was given to both
studies in the absence of evidence that the method
used did not allow disclosure of assignment (see
Appendix 10, Tables 135-137, for details).

As yet, only two planned interim analyses from the
EPIC study have been published. The 2-year
analysis'"” described the study as having four arms
(placebo, alendronate 2.5 mg, alendronate 5 mg,
and oestrogen/progestin); it was not indicated that
these would be further subdivided. When the 4-
year analysis was published,”! the four groups had
become six (placebo, placebo for 4 years followed
by alendronate 5 mg per day for 2 years,
alendronate 2.5 mg, alendronate 2.5 mg per day
for 2 years followed by placebo, alendronate 5 mg
per day, alendronate 5 mg per day for 2 years
followed by placebo, and oestrogen/progestin);
again, it was not made clear that further
subdivision was planned. However, by 6 years, the
study had nine arms (Hosking D]J: personal
communication) (placebo for 6 years, placebo for
4 years followed by alendronate 5 mg per day for
2 years, alendronate 2.5 mg for 6 years,
alendronate 2.5 mg for 4 years followed by
placebo for 2 years, alendronate 2.5 mg per day
for 2 years followed by placebo for 2 years,
alendronate 5 mg per day for 6 years, alendronate
5 mg per day for 4 years followed by placebo for

2 years, alendronate 5 mg per day for 2 years
followed by placebo for 4 years, and
oestrogen/progestin for 4 years only).

All participants in the AOPS® received a daily
supplement of calcium carbonate (Os-Cal 500 or
equivalent) unless their dietary calcium intake
exceeded 1000 mg per day. In the EPIC study,'"”
all women whose daily calcium intake was lower
than that dictated by the local standard of care
were advised to increase their intake through
dietary changes or supplementation.

Assessment of effectiveness of alendronate in
early postmenopausal women not selected for
low BMD

Both studies of alendronate in early
postmenopausal women who were not specifically
selected for low BMD®%197 included some subjects
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who received alendronate at 5 mg per day, the
dose currently licensed in the UK for the
prevention of osteoporosis. The latest published
data from the EPIC study reported combined data
on all clinical fractures, whether vertebral or non-
vertebral; at 4 years, the relative risk of any
symptomatic fracture in the group receiving
alendronate at a dose of 5 mg per day was 1.01
(95% CI 0.62 to 1.62) compared with placebo.”!
Unpublished 6-year fracture data were kindly
made available for this review by one of the study
investigators (Hosking DJ: personal
communication) (Table 18). As the numbers of
women suffering fractures are so small, the
confidence intervals for the relative risks obtained
by comparing all the groups individually with
either the placebo or the oestrogen arm cross
unity. Thus, the relative risk of any non-vertebral
fracture in the arm receiving the licensed dose of
5 mg per day alendronate was 1.27 (95% CI 0.53
to 3.03) compared with oestrogen at 4 years and
0.88 (95% CI 0.47 to 1.64) compared with placebo
at 6 years.

Fracture data from the AOPS®® have not been
published. Although a published meta-analysis'®®
has indicated that the study found a relative risk
of vertebral fracture of 0.34 (95% CI 0.04 to 3.25)
and of non-vertebral fracture of 0.28 (95% CI 0.28
to 2.24) in women receiving alendronate
compared with controls, unfortunately the raw
data could not be obtained to allow meta-analysis
of the non-vertebral fracture data with those from
the EPIC study.

Alendronate in postmenopausal osteoporosis and
osteopenia and in early postmenopausal women
not selected for low BMD: summary

The best evidence for the relative risk of vertebral
and non-vertebral fracture in women taking

TABLE 18 EPIC study: fracture data at 6 years

Study arm (treatment by Clinical

2-year period)

Alendronate 5/5/5 (n = 168)

Alendronate 5/5/placebo (n = 165)
Alendronate 5/placebo/placebo (n = 165)
Placebo/placebo/alendronate 5 mg (n = 250)
Alendronate 2.5/2.5/2.5 (n = 165)
Alendronate 2.5/2.5/placebo (n = 165)
Alendronate 2.5/placebo/exit (n = 169)
Oestrogen/progestin for 4 years only (n = 110)
Placebo/placebo/placebo (n = 252)

vvouT—N —— N —
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vertebral

alendronate at or near the current licensed dose,
compared with placebo or no treatment, is
summarised in Table 19. All results relate to
women who either were receiving supplementary
calcium or were considered to have an adequate
dietary calcium intake; some also received
supplementary vitamin D.

As may be seen, alendronate has a protective effect
in relation to vertebral fracture in women with
severe osteoporosis or osteoporosis. Moreover,
subgroup analysis of data from the fracture arm of
the Fracture Intervention Trial has indicated that
it is effective even in those women at highest risk
of fracture because of advanced age or multiple
vertebral fractures.!?

However, subgroup analysis from the Fracture
Intervention Trial suggests that alendronate does
not reduce the risk of vertebral fracture in women
with osteopenia, nor has it been shown to do so in
early postmenopausal women not selected for low
BMD (Table 19).

Although the aggregated results suggest that
alendronate offers protection against non-vertebral
fractures in women with severe osteoporosis or
osteoporosis on the one hand, and in those with
severe Osteoporosis, osteoporosis or osteopenia on
the other, when these results are disaggregated the
studies have insufficient power to demonstrate a
statistically significant result either in women with
severe osteoporosis on the one hand or in women
with osteoporosis or osteopenia on the other: in
both cases, the point estimates suggest a reduction
in risk, but the confidence intervals cross unity.
Although the same is true in relation to hip
fracture, a protective effect relative to wrist fracture
has been demonstrated in women with severe
osteoporosis (1able 19).

No. of subjects suffering fractures

All Hip Wrist Other
non-vertebral non-vertebral
14 0 2 13
13 I | 12
18 0 7 I
18 0 | 18
14 0 6 10
20 0 2 18
15 0 3 12
6 0 0 6
24 0 4 20
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TABLE 19 Relative risk of fracture: alendronate versus controls

Group Vertebral All non- Hip fracture Wrist fracture Other non-
fracture vertebral vertebral

fracture fracture

Women with severe 0.53 0.8 0.49 0.52 0.99

osteoporosis (0.41 t0 0.68)  (0.65to 1.01)" (0.24to 1.01)" (0.33t0 0.92)°  (0.76 to 1.29)°

Women with severe 0.53 0.8l 0.46 0.48 No data

osteoporosis or osteoporosis  (0.42 to 0.67)°  (0.66 t0 0.98)°  (0.23t0 0.91)®  (0.31 to 0.75)°

Women with severe 0.56 0.86 0.62 0.64 0.87

osteoporosis, osteoporosis (0.46 to 0.68)° (0.76 t0 0.97)Y  (0.40t0 0.98)° (0.30to 1.35)¢  (0.71 to 1.07)°

or osteopenia

Women with osteopeniaor  0.60 0.74 0.68 0.67 0.80

osteoporosis (0.46 t0 0.80)  (0.52to 1.06)®  (0.30to .54 (0.19t02.32)  (0.67 to 0.97)"

Women with severe No data .67 . No data No data No data

osteoporosis, osteoporosis (0.75 to 3.73)’

or osteopenia receiving HRT

Early postmenopausal women 0.34 _ 0.88 Insufficient data Insufficient data  0.97

not selected for low BMD (0.04t03.25)  (0.47 to |.64) (0.50 to 1.91)

Data are shown as RR (95% ClI).

@ Based on data from FIT fracture arm.%®

b Based on data from FIT fracture arm?® Liberman et al. (1995).'®
¢ Based on data from Dursun et al. (2000),”” FIT fracture’® and non-fracture arms®® and Liberman et al. (1995).'®
9 Based on data from FIT fracture®® and non-fracture arms®® and Liberman et al. (1995).'®

¢ Based on data from FIT fracture®® and non-fracture arms.”’

f Based on data from Dursun et al. (2000),” FIT non-fracture arm® and Liberman et al. (1995).'%
€ Based on data from FIT non-fracture arm®? and Liberman et al. (1995).'%

h Based on data from FIT non-fracture arm.”

' Based on data from Lindsay et al. (1999).''

J Based on data from McClung study, as reported by Cranney et al. (2002).'%®
k Based on data from the EPIC study (Hosking DJ: personal communication).

There is no evidence that alendronate offers
protection against non-vertebral fracture in early
postmenopausal women without osteoporosis.

There is no direct comparative evidence that
alendronate is more effective than other
interventions in reducing the risk of osteoporotic
fracture. Although the point estimates suggest that
it is less effective than teriparatide in women with
osteoporosis, and than oestrogen in early
postmenopausal women, in neither case is the
result statistically significant.

Alendronate: side-effects

Bisphosphonates have been associated with
adverse upper gastrointestinal events. However,
although the RCTs of alendronate included in this
review reported adverse upper gastrointestinal
events such as nausea, dyspepsia, mild
oesophagitis/gastritis and abdominal pain in up to
almost half their participants, in no case was the
overall incidence of such events said to be
significantly higher in subjects treated with

alendronate than in those receiving placebo (see
Appendix 10, Table 138). In one study, the
proportion of women suffering abdominal pain
and dysphagia was significantly higher in women
receiving 10 mg per day alendronate than in the
placebo group, but the incidence of other
gastrointestinal adverse events was not
significantly different. In most cases, abdominal
pain occurred early in the study, and was mild and
transient.'!

Other clinical adverse events reported in these

RCTs include skin rash,5"% musculoskeletal pain
and headache.*

The RCT evidence is consistent with
postmarketing studies which indicate that around
one-third of alendronate users report
gastrointestinal adverse events.'!! Some users have
developed chemical oesophagitis, including severe
ulcerations, which mostly resolved when
alendronate was stopped.''? Most patients who
suffered oesophageal complications did so soon
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after the start of alendronate administration, and
in many instances these complications seemed to
be associated with failure to take the drug with
adequate quantities of water, or to remain upright
afterwards, or both.!'?

A UK questionnaire survey gathered information
relating to 1523 patients who had been prescribed
alendronate. Dyspepsia, nausea/vomiting and
abdominal pain were the most frequently reported
adverse events, and the most common reasons for
discontinuing alendronate. Possible oesophageal
reactions to alendronate were experienced by 1.3%
of all patients.1 3 However, there is evidence to
suggest that such gastrointestinal symptoms may
not be exceptional in elderly women. A US
retrospective cohort study compared the
incidence of hospitalisations for gastric or
duodenal perforations, ulcers and bleeding
among 6432 patients dispensed 10 mg per day
alendronate and an age- and gender-matched
unexposed group. This found that, after
adjustment for age, gender, chronic disease score,
recent exposure to prescription non-steroidal
anti-inflammatory drugs (NSAIDs) or oral
corticosteroids, and number of hospitalisations in
the year preceding alendronate prescription (or
the referent date for the non-exposed group),
there was no statistically significant difference
between the two groups in terms of the risk of
hospitalisation for the specified causes

(RR alendronate versus controls 1.8, 95%

CI1 0.8 to 3.9).11

All of the studies reviewed in this report used a
daily dose of alendronate. However, alendronate is
also licensed for the treatment of postmenopausal
osteoporosis using a weekly dose of 70 mg. A 2-
year randomised study which compared a weekly
dose of 70 mg, a twice-weekly dose of 35 mg and a
daily dose of 10 mg in 1258 postmenopausal
women with osteoporosis found the weekly dose to
be equivalent to the daily dose in terms of BMD
outcomes and clinical fracture incidence. The
groups were also comparable in terms of the
incidence of upper gastrointestinal adverse events,
both overall and in terms of the most commonly
reported events (abdominal pain, nausea,
dyspepsia and acid regurgitation); the trend for a
lower occurrence of oesophageal and
gastric/duodenal adverse events and of more
severe adverse events in the once-weekly and
twice-weekly groups did not reach statistical
significance.'!®

Alendronate has no documented extraskeletal
benefits.
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Alendronate: continuance and compliance

In the studies reviewed in this section, the
percentage of subjects receiving alendronate who
completed the protocol ranged from 100% in a very
small 18-month study!® to 50% at 6 years (EPIC
study, Hosking D]J: personal communication). In
the Fracture Intervention Trial, discontinuation of
the study medication was found to be greatest in
the first month postrandomisation: 4.8% of
participants had withdrawn at 3 months and 11.1%
at 12 months. Clinical adverse events formed the
most common reason for withdrawal, causing 6.9%
of women to withdraw. The proportion of women
discontinuing treatment was comparable in the
alendronate and placebo groups, and the strongest
predictor of discontinuation was fair to poor self-
rated health (RR 2.10, 95% CI 1.47 to 2.99).!1¢

A US survey of continuance in 813 women treated
with alendronate found that 28.7% stated that they
had discontinued treatment, while prescription
refill records suggested that 30.2% had actually
discontinued. Gastrointestinal problems were most
commonly given as the reason for discontinuation,
being cited by 51.9% of women who had stopped
taking the drug.''’?

In the intervention arms of the Fracture
Intervention Trial, 89% of surviving subjects in the
fracture trial and 81% in the non-fracture trial
were still taking the study medication at the final
visit; in both cases, 96% of those who continued to
take the medication had taken at least 75% of
their pills since the last clinic visit.”*% Another
study stated that over 90% of subjects in the
intervention arm were at least 90% compliant with
the study medication.'” A comparative study
found that median compliance with treatment,
assessed by pill counts of oral medication and
measurement of volume of injectable medication
returned at each study visit, was 71% in women
taking alendronate, compared with 67% in those
taking teriparatide.”*

Etidronate

Quantity and quality of research available:
etidronate in postmenopausal osteoporosis and
osteopenia

Eight RCTs!''%1% were identified that compared
etidronate with the other interventions or
comparators reviewed in this report in
postmenopausal osteoporosis or osteopenia, and
that reported fracture outcomes. Four of

these! 18119122125 were comparative studies, all but
one of which'!"? also included an untreated control
arm. One study''® was only available in abstract
form.
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No studies reported quality of life outcomes.

Three of the comparative studies compared
etidronate with HRT.!'#122125 Ty two of these
studies, all subjects received calcium either
alone'?? or with vitamin D;'?® one also compared
etidronate alone with etidronate plus HRT."*® The
fourth study compared etidronate plus calcium
with a higher dose of calcium.'"?

Seven studies compared cyclical etidronate (either
alone or preceded by 3 days of treatment with
phosphate) either with placebo!?*!?* or with no
treatment.!'$120-122.125 Ty gix studies, subjects in all
arms received similar quantities of calcium, either
alone!?!'122124 o1 with vitamin D.!2123:125 1y the
seventh study,l 18 subjects were not said to have
been given calcium and/or vitamin D (for details
see Appendix 10, Table 139).

Five studies were conducted in women with severe
osteoporosis,1 18,120,123-125 (,h e in women with
osteoporosis with or without vertebral fracture'
and two in women with osteoporosis or
osteopeniaml’122 (for details, see Appendix 10,
Tables 139 and 140).

19

One study was set up as a 2-year double-blind,
randomised, placebo-controlled trial.'?* However,
after the initial 2 years, subjects were allowed to
choose whether to continue the original blinded
treatment or to take calcium alone; those who
completed this third year, whether on blinded
therapy or on calcium, were then eligible for
inclusion in a 2-year open-label follow-up study in
which all subjects took intermittent cyclical
etidronate.'?® They were subsequently
rerandomised to receive, in years 6 and 7,
intermittent cyclical therapy with either etidronate
or placebo.!*” Only the results of the original
2-year double-blind RCT have been used here.

Another study'?® was set up as a placebo-
controlled RCT of 150 weeks’ duration. All
subjects who completed this study were invited to
enrol in an open-label follow-up study in which all
were given cyclical etidronate.'®® As the study was
no longer either randomised or controlled, only
the results of the original 150-week study have
been used here.

As reported, the quality of these studies was
variable: some!!%120122 provided no evidence of
appropriately masked randomisation or blinded
outcome assessment, whereas the reported quality
of others'?1"12*712% yas reasonably high (see
Appendix 10, Table 141).

Assessment of effectiveness of etidronate in
postmenopausal osteoporosis and osteopenia
None of the identified studies used etidronate in
precisely the regimen currently licensed for use in
the UK (i.e. 400 mg per day for 14 days, followed
by 1.25 g calcium carbonate per day for 76 days in
a 90-day cycle). The two Japanese studies''®!1?
used 200 mg per day of etidronate for 14 days of a
similar cycle: one''® did not state that calcium was
also used, while in the other!! subjects were not
given supplementary calcium, but were “strictly
encouraged” to consume 800 mg per day calcium
and 400 IU per day vitamin D in their meals. A
US study also used a 200-mg dose of etidronate,
preceded by 500 mg per day of potassium
phosphate for 3 days; 1 g per day of calcium
carbonate was taken throughout the 73-day
cycle.'?? The remaining five studies'?%:121:123-125
used a 400-mg dose, in most cases!20-121,123,124
only a 500-mg daily dose of calcium; one
preceded the etidronate with 5 days of 1,25-
dihydroxyvitamin Ds at 2 ug per day.'*” With one
exception,118 all trials with a placebo or no
treatment arm stated that subjects in those arms
received calcium (and, where relevant, vitamin D)
in quantities comparable to those given in the
etidronate arm (for details of regimens used, see
Appendix 10, Table 139).

with

Comparisons with active treatment

Only one study that compared etidronate with
another active intervention used a 400-mg dose in
women with severe osteoporosis.'?® Two used a
200-mg dose of etidronate, one in women with
severe osteoporosis''® and the other in women
with severe osteoporosis or osteoporosis.'
Another used a 200-mg dose in women with
osteoporosis or osteopenia.'*?

Three of the comparative studies provided
separate data relating to vertebral

fracture. 19122125 Tivo used a 20% definition for all
fractures;'?1% the third'?? used a 20% definition
for wedging and biconcave fractures but a 15%
definition for compression fractures. However, two
of these studies did not state the number of
women suffering vertebral fractures. One'?? only
provided information on the mean number of new
vertebral fractures per subject, stating that the
number of such fractures was almost identical in
all groups; although information on the numbers
of women in each group who suffered vertebral
fractures was sought, the records had not been
retained (Pacifici R: personal communication,
2002). The other study only stated the number of
vertebral fractures in each glroup.125 Relative risks
could therefore not be calculated for these studies.
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TABLE 20 Etidronate in postmenopausal osteoporosis or osteopenia: comparisons with active treatment

Study Comparator Type of fracture
Ishida, 2001 '8 HRT Vertebral +

non-vertebral
Pacifici, 1988'%2 HRT Vertebral

Wimalawansa, 1998'2° HRT Non-vertebral

Wimalawansa, 1998'%  Etidronate + Non-vertebral

HRT

Iwamoto, 2001 '"? Calcium Vertebral

One study''® only provided pooled data relating

to vertebral and non-vertebral fractures, and
presented these only as percentages of women
suffering fractures (Table 20), so again the relative
risk of fracture could not be calculated. Thus, the
only comparison with an active intervention for
which a relative risk of vertebral fracture could be
calculated was the comparison with calcium;'?
this was a small study, which did not produce a
statistically significant result (Table 20).

Only one comparative study'®® provided data
relating to the number of women suffering any
non-vertebral fracture; again, this was a small
study that did not produce a statistically significant
result (7able 20). Another study'!? stated that no
subjects suffered hip, wrist or shoulder fractures.

Comparisons with placebo or no treatment

Most of the studies that compared etidronate with
placebo or no treatment used a 400-mg dose (see
Appendix 10, Table 139). Five of these studies were
carried out in women with severe
osteoporosis,l18’120’122“125 one in women with
severe 0steoporosis, Osteoporosis or osteopenia
and one in women with osteoporosis or
osteopenia.'??

121

Vertebral fracture

Seven studies provided some information relating
to the incidence of radiographic vertebral
fracture., 18:120-125 Eiye120.121123-125 <o 2 90
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No. of women suffering

fracture
Etidronate = Comparator RR of fracture
(95% CI): etidronate vs
comparator
3% 0% Not calculable

No. of women with vertebral Not calculable
fractures not stated. The

incidence of vertebral

fractures was almost identical

in the etidronate and

HRT groups

/17 1/18 1.06 (0.07 to 15.62)
/17 1/19 1.12 (0.08 to 16.52)
2/25 6/24 0.32 (0.07 to 1.43)

fracture definition, but only three of these!20-121,124

provided data on the number of women suffering
incident vertebral fracture (Tuble 21).

Meta-analysis of the data provided by Lyritis'*’
and Watts'** indicated a relative risk of vertebral
fracture of 0.43 (95% CI 0.20 to 0.91) in women
with severe osteoporosis receiving cyclical
etidronate at a dose of 400 mg per day, compared
with untreated controls (Figure 13). The remaining
study with usable data'®! was a small study that
did not produce a statistically significant result,
yielding a relative risk of 0.14 (95% CI 0.01 to
2.68) for a similar regimen in women with severe
osteoporosis, osteoporosis or osteopenia. Thus,
cyclical etidronate at a dose of 400 mg per day has
been shown to reduce the risk of vertebral fracture
only in women with severe osteoporosis.

There is no evidence that etidronate reduces the
risk of vertebral fracture in postmenopausal
women with osteoporosis without fracture or
osteopenia.

The study'** that compared etidronate with and
without cyclical phosphate found that the
combination resulted in no apparent additional
benefits beyond those offered by etidronate alone.

Non-vertebral fracture
Six studies presented data relating to non-
vertebral fracture (Tuble 22).
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TABLE 21 Etidronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: vertebral fracture

data

Study Etidronate Fracture

dose definition

Ishida, 2001''8 200 mg Not stated

Lyritis, 1997'%° 400 mg 20%

Montessori, 1997'' 400 mg 20%

Pacifici, 1988'% 200 mg Compression
fractures 15%,
wedging and
biconcave
fractures 20%

Storm, 1990'% 400 mg 20%

Watts, 1990'% 400 mg 20%

Wimalawansa, 1998'%° 400 mg 20%

No. of women in each group suffering vertebral fracture

Provides pooled vertebral and non-vertebral fracture data only

Etidronate: 4/39
Control: 9/35
RR 0.40 (95% CI1 0.13 to 1.18)

Etidronate: 0/39
Control: 3/39
RR 0.14 (95% CI1 0.01 to 2.68)

No. of women with vertebral fractures not stated. The incidence
of vertebral fractures was almost identical in the etidronate and
control groups (mean of 0.30 + 0.40 new fractures in the
etidronate group and 0.25 * 0.46 in the control group)

No. of women with vertebral fractures not stated. Although there
was no significant difference between the overall rate of fracture in
the treatment and control groups from baseline to the end of the
study (18 and 43 per 100 patient-years, respectively), after
approximately | year of treatment etidronate was associated with
a significant decrease in the rate of new vertebral fractures (6 and
54 per 100 patient-years, respectively, p = 0.023)

Etidronate: 5/98
Placebo: 10/91
RR 0.46 (95% Cl1 0.16 to 1.31)

No. of women with vertebral fractures not stated. There were
three vertebral fractures in subjects taking etidronate alone, two in
subjects taking HRT alone, one in the etidronate/HRT group and
five in the control group

Comeparison: 01 Etidronate for established osteoporosis - vertebral fracture

Outcome: 01 Postmenopausal women with established osteoporosis - no. suffering vertebral fracture
Cyclical etidronate Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Lyritis, 1997'2 4/39 9/35 —a—F 47.6 0.40 (0.13 to 1.18)
Watts, 1990'2 5/96 10/91 —— 524 0.46 (0.16 to 1.31)
Total (95% Cl) 9/137 19/126 ———— 100.0 0.43(0.20t0 0.91)
Test for heterogeneity x> = 0.04,df = |, p = 0.84
Test for overall effect z = -2.20, p = 0.03

0.1 02 | 5 10
Favours treatment  Favours control

FIGURE 13 Etidronate: vertebral fracture in severe postmenopausal osteoporosis
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TABLE 22 Etidronate in postmenopausal osteoporosis or osteopenia:

fracture data

Study Etidronate dose

Ishida, 2001''8 200 mg

comparisons with placebo or no treatment: non-vertebral

No. of women in each group suffering non-vertebral fracture

Etidronate: 3%
Control:

10%

(pooled vertebral and non-vertebral fracture data)

Lyritis, 1997'20 400 mg

Etidronate: 3/50
Control:

5/50

RR 0.60 (95% CI 0.15 to 2.38)

Montessori, 1997'?! 400 mg

Storm, 1990'23 400 mg

Etidronate: 0/40
Control:

0/40

Etidronate: 5/33
Control:

6/33

RR 0.83 (95% Cl 0.28 to 2.46)

Watts, 1990'% 400 mg

Control:

Etidronate: 20/105

16/104

RR 1.24 (95% Cl 0.68 to 2.25)

Wimalawansa, 1998'% 400 mg

Control:

Etidronate: 1/17

1/18

RR 1.06 (95% Cl 0.64 to 1.69)

Comeparison: 02 Etidronate for established osteoporosis — non-vertebral fracture
Outcome: 01 Postmenopausal women with established osteoporosis — no. suffering non-vertebral fracture
Cyclical etidronate Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Lyritis, 1997'% 3/50 5/50 12.3 0.60 (0.15 t0 2.38)
Storm, 1990'% 5/33 6/33 — 19.8 0.83 (0.28 to 2.46)
Watts, 1990 20/105 16/104 —— 64.8 .24 (0.68 to 2.25)
Wirnalawansa, 1998'% 17117 1/18 32 1.06 (0.07 to 15.62)
Total (95% CI) 29/205 28/205 — 100.0 1.04 (0.64 to 1.69)
Test for heterogeneity x2 = 1.10,df = 3,p = 0.78
Test for overall effectz = 0.17,p = 0.9
01 02 | 5010
Favours treatment  Favours control

FIGURE 14 Etidronate: non-vertebral fracture in severe postmenopausal osteoporosis

Pooled data from the four studies conducted in
women with severe osteoporosis that provided
usable data'?*1%3-125 suggest a relative risk of non-
vertebral fracture in such women of 1.04 (95% CI
0.64 to 1.69) compared with controls (Figure 14).
The studies were so small that, even when their
results were pooled, they were unable to
demonstrate a significant difference between
etidronate and placebo or no treatment in terms
of the risk of non-vertebral fracture in women with
severe Osteoporosis.
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Hip and other non-vertebral fracture

Only one study'?” provided separate information
on hip and other non-vertebral fractures: in
neither case were the results significant (relative
risk for the etidronate group versus controls of
0.50, 95% CI 0.05 to 5.34, for hip fracture; and
0.67, 95% CI 0.12 to 3.82, for non-hip, non-wrist
fracture).
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Comparison: 05 Etidronate for postmenopausal women who are unscreened or have normal BMD - clinical fractures
Outcome: 01 Postmenopausal women with normal or unidentified BMD - no. suffering clinical fracture
Etidronate Control RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Meunier, 19976 3127 3127 i 39.1 1.00 (0.22 to 4.52)

Pouilles, 19977 4/54 6/55 —— 60.9 0.68(0.16 to 1.31)
Total (95% Cl) 7/81 9/82 ——— 100.0 0.79 (0.31 t0 2.03)
Test for heterogeneity x* = 0.15,df = |, p = 0.69
Test for overall effect z = -0.49,p = 0.6

01 02 | 510
Favours treatment  Favours control

FIGURE 15 Etidronate: clinical fracture in postmenopausal women with normal BMD or unselected for low BMD

Quantity and quality of research available:
etidronate in postmenopausal women with
normal BMD or unselected for low BMD

Three RCTs were identified that studied the
effects of etidronate in women with normal,®’
normal to low%? or unspecified BMD,”° and that
reported fracture outcomes. All of these studies
used 400 mg etidronate for 14 days followed by
500 mg calcium for the remainder of a 13-week
cycle, and all were placebo controlled. All but one
study’” stated that the placebo group received
supplementary calcium (see Appendix 10,

Tables 142 and 143 for details).

A fourth study'?” compared 400 mg etidronate for
14 days followed by 1000 mg calcium for the
remainder of a 12-week cycle with placebo, HRT,
and etidronate plus HRT in early postmenopausal
women with normal BMD. This did not report
fracture data and, although a meta-analysi5130 that
includes this study indicates that such data were
collected, they could not be obtained for use in
this review.

None of these studies provided evidence of
appropriately masked randomisation or blinded
outcome assessment (see Appendix 10, Table 144).

Assessment of effectiveness: etidronate in
postmenopausal women with normal BMD or
unselected for low BMD

All fractures

Two studies®””? reported only clinical fractures,
almost all of which resulted from some degree of
trauma. The pooled results of these studies
indicated a relative risk of such clinical fractures of

0.79 (95% CI 0.31 to 2.03) in women in the
etidronate group, compared with controls
(Figure 15). In the third study,®® radiographic
vertebral fracture was an end-point: no such
fracture was found in either treatment group.

Etidronate in postmenopausal osteoporosis or
osteopenia and in postmenopausal women with
normal BMD or unselected for low BMD:
summary

The best evidence for the relative risk of vertebral
and non-vertebral fracture in women receiving a
cyclical regimen of etidronate at 400 mg per day,
compared with placebo or no treatment, is
summarised in Table 23. All results relate to
women receiving 500 mg per day supplementary
calcium.

There is evidence that etidronate reduces the risk
of vertebral fracture only in women with severe
osteoporosis. Although the pooled data also
indicate a statistically significant reduction in
relative risk of such fractures in women with severe
osteoporosis, osteoporosis or osteopenia, it should
be noted that the only study to include women
with osteoporosis without fracture or osteopenia as
well as those with severe osteoporosis did not
achieve a statistically significant result. Thus, as
there are no separate data relating to women with
osteoporosis without fracture or osteopenia, it
cannot be demonstrated that etidronate reduces
the risk of vertebral fracture in such women.
There are no data relating to the effect of
etidronate on vertebral fracture in women with
normal, normal to low, or unspecified BMD

(Table 23).
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TABLE 23 Relative risk of fracture: etidronate versus controls

Group Vertebral All non- Hip fracture Wrist fracture Other non-
fracture vertebral vertebral

fracture fracture

Women with severe 0.43 1.04 0.50 No data 0.67

osteoporosis (0.20t0 0.91)  (0.64 to 1.69)*  (0.05 to 5.34)° (0.12 to 3.82)°

Women with severe 0.40

osteoporosis, osteoporosis (0.20 to 0.83)"  No data No data No data No data

or osteopenia

Women with osteoporosis No data No data No data No data No data

or osteopenia

Women with normal or No data No data No data No data No data

unspecified BMD

Data are shown as RR (95% ClI)

“ Based on data from Lyritis et al. (1997)'%° and Watts et al. (1990).'%*
b Based on data from Montessori et al. (1997),'2' Lyritis et al. (1997)'%° and Watts et al. (1990)'**

Etidronate does not appear to reduce the risk of
non-vertebral fracture in women with severe
osteoporosis. Evidence is lacking in relation to
women with osteoporosis or osteopenia (1able 23).
The only available evidence fails to demonstrate
that etidronate reduces the risk of clinical fracture
in women with normal, normal to low, or
unspecified BMD.

There is no direct comparative evidence that
etidronate is more effective than other
interventions in reducing the risk of osteoporotic
fracture. Although the point estimates suggest
that it is less effective than HRT in women with
severe osteoporosis, and more effective than
calcium in women with osteoporosis with or
without fracture, in neither case is the result
statistically significant.

Etidronate: side-effects

Like alendronate, etidronate has been associated
with upper gastrointestinal adverse events. Some
of the RCTs included in this review reported such
adverse events (see Appendix 10, Table 145). In
four studies,®>7*119125 more gastrointestinal
adverse events occurred in the etidronate group
than in the placebo group. One of these studies'!
reported that adverse events such as
gastrointestinal symptoms occurred primarily
during the first 4 weeks of treatment; they
occurred in five women (20%) in the etidronate
group and only two (8%) in a control group
receiving calcium; the difference between the
groups was not statistically significant (relative risk
of gastrointestinal symptoms in etidronate group
compared with controls 2.40, 95% CI 0.51 to

9
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11.21). A fifth study found no statistically
significant differences between the treatment and
control groups in relation to adverse effects that
might be associated with etidronate (abdominal
pain, diarrhoea and nausea);124’l27 however, the
use of phosphate as an activating agent was
associated with a substantially higher reporting of
diarrhoea in subjects who received it than in those
receiving placebo.'** Another study'* indicated
that nausea following etidronate administration
improved with time, and was not a cause of
discontinuation.

Like alendronate, etidronate has no documented
extraskeletal benefits.

Etidronate: continuance and compliance

In the studies reviewed in this section, the
percentage of subjects receiving alendronate who
completed the protocol ranged from 93% at

2 years®” to 61% at 3 years.'**

Two studies®”"? assessed compliance by pill count.
Subjects were defined as compliant if they took at
least 80% of etidronate or its placebo over the
study period. All subjects who completed each
study were compliant by this definition.

Risedronate

Quantity and quality of research available:
risedronate in postmenopausal osteoporosis and
osteopenia

Six RCTs*#131-13% yere identified that compared
risedronate with placebo or no treatment in
postmenopausal women with osteoporosis,
osteopenia or specific risk factors for hip fracture,
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and that reported fracture outcomes. One of
these!®® was only available in abstract form. No
studies were identified that reported quality of life
data.

All six studies were placebo-controlled, but had
two active treatment arms. In five,?*132-135 gpe
arm received a daily dose of 2.5 mg of risedronate,
and the other a dose of 5 mg (the dose currently
licensed in the UK for the prevention and
treatment of postmenopausal osteoporosis). One
of these studies'®* only presented fracture data
from the pooled risedronate arms. In the sixth
study,'®! one arm received a 2.5-mg daily dose
while the other received 2.5 mg per day for

2 weeks followed by placebo for 10 weeks of a
12-week cycle. In three of the studies that used a
2.5-mg dose,**13%13% the 2.5-mg arm was either
wholly or partially discontinued after 1 year by a
protocol amendment on the basis of evidence that
a 5-mg dose produced a more consistent effect in
increasing BMD while having a safety profile
similar to that of a 2.5-mg dose.'®®

In all six studies, all subjects received 1 g per day
elemental calcium (see Appendix 10, Tables 146
and 147).

Only one study'®? was reported to have met all the
quality criteria (see Appendix 10, Table 148).

Three studies were carried out in women with
severe osteoporosis,'*!'1¥2135 gne in women with
osteoporosis or osteopenia®! and one in women
with osteopenia.'*® The remaining study was
carried out in women with osteoporosis or specific
risk factors for hip fracture.'®* This study was
designed specifically to study the effect of
risedronate on the risk of hip fracture in elderly
women with osteoporosis or other risk factors for
hip fracture; all non-vertebral osteoporotic
fractures (defined as fractures of the wrist, leg,
humerus, hip, pelvis or clavicle) formed a
secondary end-point. This study recruited two
groups of women: women aged 70-79 years with
osteoporosis, and women aged 80 years or older
with at least one non-skeletal risk factor for hip
fracture or with osteoporosis (see Appendix 10,
Table 147, for details). Each of the two enrolment
groups was randomly assigned to treatment. The
proportion of younger and older women with
various risk factors was said to be balanced among
the treatment groups. Only 16% of the older
stratum was recruited on the basis of low femoral
neck BMD; 58% were recruited solely on the basis
of clinical risk factors such as a recent fall-related
injury. There was evidence of at least one vertebral

fracture at baseline in 39% of the younger
stratum.'?*

Assessment of effectiveness: risedronate in
postmenopausal osteoporosis and osteopenia
Vertebral fracture

Four studies provided data relating to vertebral
fracture (Table 24). The two studies that used a
5-mg dose in women with severe
osteoporosis'**1%% hoth provided information on
vertebral fracture; both used a 15% vertebral
fracture definition. Pooling of the data relating to
subjects in these two studies indicated a relative
risk of vertebral fracture of 0.63 (95% CI 0.51 to
0.78) compared with placebo (Figure 16). A third
study in women with severe osteoporosis used
different vertebral fracture thresholds in the two
centres;'3! thus, a valid global vertebral fracture
analysis could not be performed. Moreover, the
number of women in each centre who suffered
vertebral fractures was not presented.

The relative risk of vertebral fracture in women
with osteoporosis or osteopenia receiving 5 mg of
risedronate® was 0.53 (95% CI 0.24 to 1.17).

Thus, risedronate at a dose of 5 mg per day
appears to reduce the risk of vertebral fracture in
women with severe osteoporosis, but has not been
demonstrated to reduce the risk of vertebral
fracture in women with osteoporosis without
fracture or with osteopenia.

Non-vertebral fracture

All six studies collected data relating to non-
vertebral fracture (Table 25). However, one study,
in postmenopausal women with osteopenia,'*
stated only that non-vertebral fractures were few in
number and comparable between treatment
groups. In another study,l?’1 in women with severe
osteoporosis, more women in the group receiving
cyclical risedronate suffered non-vertebral
fractures, while equal numbers of women in the
groups receiving either continuous risedronate or
placebo suffered such fractures (RR, cyclical
risedronate versus placebo, 2.25, 95% CI 0.75 to
6.77). This study only used a 2.5-mg dose of
risedronate, and was underpowered to study
fracture outcomes.

The pooled data from the two studies that used

5 mg of risedronate in women with severe
osteoporosisl?’2’1?’5 yielded a relative risk of non-
vertebral fracture of 0.67 (95% CI 0.50 to 0.90)
(Figure 17). In the McClung (2001) study,184
women in the younger, osteoporotic, stratum who
received risedronate had a relative risk of non-
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TABLE 24 Risedronate in postmenopausal osteoporosis or osteopenia: vertebral fracture data

Study Risedronate Fracture No. of women in each group suffering
dose definition vertebral fracture
Clemmesen, 1997'3' 2.5 mg daily 15% or 25% (different Gives number of vertebral fracture identified at each
or cyclically fracture definitions centre, but not number of women suffering those
used by the Danish fractures. States that there was a tendency towards a
and Belgian centres) lower incidence and rate of new vertebral fractures in
the group taking daily continuous risedronate, but this
was not statistically significant
Fogelman, 2000%* 2.5and 5 mg Any vertebral height Risedronate 2.5 mg: 8/60
per day ratio below 3 SD of the Risedronate 5 mg: 8/112
mean for the study Placebo: 17/125
population RR, 5 mg vs placebo, 0.53 (95% CI1 0.24 to 1.17)
Harris, 1999'32 2.5and 5 mg I5% + semi-quantitative  Risedronate 5 mg: 61/696
per day method Placebo: 93/678
RR 0.64 (95% CI 0.47 to 0.87)
McClung, 1998'33 25and5mg  NA NA
per day
McClung, 2001'**  25and5mg  NA NA
per day
Reginster, 2000'3° 2.5and 5 mg 5% + semi-quantitative  Risedronate 5 mg: 53/344
per day method Placebo: 89/346

RR 0.60 (95% Cl 0.44 to 0.81)

Comeparison: 01 Risedronate 5 mg for established osteoporosis - vertebral fracture
Outcome: 01 Postmenopausal women with established osteoporosis — vertebral fracture (15% definition)
Risedronate 5 mg Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Harris, 1999'32 61/696 93/676 - 50.1 0.64 (0.47 t0 0.87)

Reginster, 2000'%* 53/344 89/346 - 49.9 0.60 (0.44 t0 0.81)
Total (95% Cl) 114/1040 182/1024 > 100.0 0.62 (0.50 to 0.77)
Test for heterogeneity x2 = 0.09,df = |,p = 0.77
Test for overall effect z = —4.36, p = 0.00001

01 02 | 5010
Favours treatment  Favours control

FIGURE 16 Risedronate: vertebral fracture in severe postmenopausal osteoporosis

vertebral fracture of 0.8 (95% CI 0.7 to 1.0;
authors’ calculation).

The only study that provided non-vertebral
fracture data in women with osteoporosis or
osteopenia who received 5 mg of risedronate?* did
not produce a statistically significant result (RR
0.55, 95% CI 0.22 to 1.34).

Thus, risedronate at a dose of 5 mg per day
appears to reduce the risk of non-vertebral
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fracture in women with severe osteoporosis, but
has not been demonstrated to reduce the risk of
non-vertebral fracture in women with osteoporosis
without fracture or with osteopenia.

Hip fracture

Three studies reported hip fracture data (Table 26).
Pooling data from the Reginster study'*® with data
from the Harris study'*? yielded a relative risk of

hip/pelvis fracture of 0.77 (95% CI 0.46 to 1.27) in 39
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TABLE 25 Risedronate in postmenopausal osteoporosis or osteopenia: non-vertebral fracture data

Study Risedronate dose

Clemmesen, 1997'3! 2.5 mg daily or cyclically

No. of women in each group suffering non-vertebral fracture

Continuous risedronate: 4/44

Cyclical risedronate: 9/44
Placebo: 4/44
RR, continuous risedronate vs placebo, 1.00 (95% CI 0.27 to 3.75)

Fogelman, 2000%* 2.5 and 5 mg per day

Risedronate 2.5 mg: 4/184

Risedronate 5 mg: 7/177
Placebo: 13/180
RR, 5 mg vs placebo, 0.55 (95% CI 0.22 to 1.34)

Harris, 1999'32 2.5 and 5 mg per day

Risedronate 5 mg: 33/812

Placebo: 52/815
RR 0.64 (95% CI 0.42 to 0.97)

McClung, 1998'3 2.5 and 5 mg per day

Non-vertebral fractures were said to be few in number and

comparable between groups. More specific data were not available

McClung, 2001 '3 2.5 and 5 mg per day

Risedronate: 583/6197

Placebo: 351/3134%
RR 0.84 (95% Cl 0.74 to 0.95)

Reginster, 2000'3 2.5 and 5 mg per day

Risedronate 5 mg: 36/406

Placebo: 51/406
RR0.71 (95% Cl 0.47 to 1.06)

Comparison: 02 Risedronate for established osteoporosis — non-vertebral fracture
Outcome: 01 Postmenopausal women with established osteoporosis — non-vertebral fracture
Risedronate 5 mg Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Harris, 1999'32 33/812 52/815 —— 47.4 0.64 (0.42 t0 0.97)

Reginster, 2000'35 36/406 51/406 —H 52.6 0.71 (0.47 to 1.06)
Total (95% ClI) 69/128 103/1221 - 100.0 0.67 (0.50 to 0.90)
Test for heterogeneity x2 = 0.12,df = |,p = 0.73
Test for overall effect z = -2.66, p = 0.008

01 02 | 510
Favours treatment  Favours control

FIGURE 17 Risedronate: non-vertebral fracture in severe postmenopausal osteoporosis

women with severe osteoporosis who received a
5-mg dose of risedronate compared with placebo.
The McClung study'®* did not provide usable data
separately in relation to women receiving 2.5- and
5-mg doses of risedronate. However, according to
the authors’ calculations, the higher dose did not
appear to confer increased protection on women in
the younger, osteoporotic, stratum: the risk of hip
fracture relative to placebo was calculated to be

0.5 (95% CI 0.3 to 0.9) in women receiving 2.5 mg,
and 0.7 (95% CI 0.4 to 1.1) in those receiving

5 mg. Therefore, data relating to women with

severe osteoporosis in the younger, osteoporotic,
stratum of the study, regardless of risedronate dose,
were pooled with data relating to women with
severe osteoporosis receiving a 5-mg dose from the
Harris and Reginster studies, yielding a relative
risk of hip fracture of 0.60 (95% CI 0.42 to 0.88) in
women with severe osteoporosis (Figure 18).

Pooling data from all women in the younger,
osteoporotic, stratum of the McClung study with
data relating to women in the Harris and
Reginster studies who received a 5-mg dose



Health Technology Assessment 2005; Vol. 9: No. 22

TABLE 26 Risedronate in postmenopausal osteoporosis or osteopenia: hip fracture data

Study Risedronate dose

Harris, 1999'32 2.5 and 5 mg per day

No. of women in each group suffering hip fracture

Risedronate 5 mg: 12/812
Placebo:

15/815

RR 0.80 (95% Cl 0.38 to 1.70)

McClung, 2001 '3 2.5 and 5 mg per day

Risedronate: 137/6197
Placebo:

95/3134

RR 0.73 (95% Cl 0.56 to 0.94)

Younger, osteoporotic, group:
Risedronate: 55/3624

Placebo:

46/1821

RR 0.60 (95% Cl 0.41 to 0.89)

Older group:
Risedronate: 82/2573

Placebo:

RR 0.85

49/1313
(95% C10.60 to 1.21)

Separate figures were not presented for the 2.5- and 5-mg groups,
but the authors calculated a risk of hip fracture relative to placebo
of 0.5 (95% ClI 0.3 to 0.9) in women in the younger stratum

receiving 2.5 mg, and of 0.7 (95% CI 0.4 to |.1) in those receiving

5mg

Reginster, 2000'3* 2.5 and 5 mg per day

RR 0.74

Risedronate 5 mg: 14/406
Placebo:

19/406
(95% Cl1 0.37 to 1.45)

Comparison: 05 Risedronate for established osteoporosis - hip fracture
Outcome: 01 Postmenopausal women with established osteoporosis — no. suffering hip/pelvis fracture
Risedronate 2.5/5mg  Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Harris, 1999'32 12/812 15/815 —— 249 0.80 (0.38 to 1.70)

McClung, 2000'3 22/1128 25/575 —i— 443 0.45 (0.26 t0 0.79)

Reginster, 2000'33 14/406 19/406 —— 30.8 0.74 (0.37 to 1.45)
Total (95% Cl) 48/2346 59/1796 - 100.0 0.60 (0.42 to0 0.88)
Test for heterogeneity XZ =1.95df=2,p=038
Test for overall effect z = -2.63, p = 0.009

01 02 | 510
Favours treatment  Favours control

FIGURE 18 Risedronate: hip fracture in severe postmenopausal osteoporosis

indicated a protective effect of risedronate against
hip fracture in women with severe osteoporosis or
osteoporosis (RR 0.66, 95% CI 0.48 to 0.89)
(Figure 19).

Thus, although risedronate at a dose of 5 mg per
day appears to reduce the risk of hip fracture in
women with severe osteoporosis or osteoporosis,
there is no evidence to suggest that it does so in
postmenopausal women with osteopenia, and it
cannot be demonstrated that it offers protection
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solely in women with osteoporosis without fracture.
Subgroup analysis in the McClung study'**
indicated that, in the younger, osteoporotic,
stratum, risedronate was effective in preventing
hip fracture in women with severe osteoporosis
(RR relative to placebo 0.45, 95% CI 0.26 to 0.79),
but did not demonstrate that it did so in those
without baseline fractures (RR 0.6, 95% CI 0.3 to
1.2). Similarly, risedronate was not demonstrated
to be effective in women in the elderly stratum,
who were not necessarily osteoporotic; their risk of
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Comeparison: 12 severe osteoporosis or osteoporosis — 5 mg + some 2.5 mg - hip fracture

Outcome: 01 Hip fracture
Risedronate Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Harris, 1999'32 12/812 15/815 —a— 16.6 0.80 (0.38 to 1.70)
McClung, 2000'3¢ 55/3624 46/182 - 628  0.60 (041 to 0.89)
Reginster, 2000'35 14/406 19/406 —a— 20.6 0.74 (0.37 to 1.45)
Total (95% CI) 81/4842 80/3042 - 100.0 0.66 (0.48 to 0.89)
Test for heterogeneity x2 = 0.59, df = 2,p = 0.75
Test for overall effect z = -2.68, p = 0.007
0l 02 | 510

Favours treatment ~ Favours control

FIGURE 19 Risedronate: hip fracture in severe postmenopausal osteoporosis or osteoporosis

TABLE 27 Risedronate in postmenopausal osteoporosis or osteopenia: wrist fracture data

Study Risedronate dose
Harris, 1999'32 2.5 and 5 mg per day
Reginster, 2000'3® 2.5 and 5 mg per day

hip fracture relative to placebo was 0.85 (95% CI
0.60 to 1.21).134

Wrist fracture

Only two studies provided wrist fracture data
(Table 27). Pooling data from the Reginster
study!®® with data from the Harris study'* yielded
a relative risk of wrist fracture of 0.68 (95% CI
0.43 to 1.08) in women with severe osteoporosis
who received a 5-mg dose of risedronate
compared with placebo (Figure 20). Pooled data
from the same studies (again using unpublished
data from the Reginster study!*) indicated that a
5-mg dose of risedronate was associated with a
relative risk of fracture of the humerus of 0.46
(95% CI 0.73 to 0.93).

Thus, risedronate at a dose of 5 mg per day
appears to reduce the risk of vertebral and non-
vertebral fracture in women with severe
osteoporosis. It also appears to reduce the risk of
hip fracture in women with severe osteoporosis or
osteoporosis. However, it has not been
demonstrated to reduce the risk of vertebral

No. of women in each group suffering wrist fracture

Risedronate 5 mg: 14/812
Placebo: 22/815
RR 0.64 (95% CI1 0.33 to 1.24)

Risedronate 5 mg: 15/406
Placebo: 21/406
RR 0.71 (95% Cl1 0.37 to 1.37)

fracture or non-vertebral fracture in women with
osteoporosis without fracture or with osteopenia.

Quantity and quality of research available:
risedronate in postmenopausal women with
normal BMD

One study® was identified that compared cyclic
and continuous risedronate, at a dose of 5 mg per
day, with placebo in early postmenopausal women
with normal BMD, and that reported fracture data
(for details, see Appendix 10, Tables 149 and 150).
Randomisation was stratified by calcium intake
(<400, 400-650 and 650-1500 mg per day) and
calcium supplements were not provided. Mean
calcium intake was approximately 1 g per day. This
was originally designed as a 1-year study. At the end
of that year, participants were given three options:
to leave the study; to complete a second year
without therapy; or to continue on treatment for a
further year, with a further year without therapy
thereafter. As blinding of treatment allocation was
maintained throughout the study, and as the
options offered resembled the continuance and
compliance decisions made by subjects during the
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Comeparison: 06 Residronate for established osteoporosis — wrist fracture

Test for heterogeneity 2 = 0.06,df = |, p = 0.81
Test for overall effect z = -1.65,p = 0.10

Outcome: 01 Postmenopausal women with established osteoporosis - no. suffering wrist fracture
Risedronate 5 mg Placebo RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Harris, 1999'3 14/812 22/815 —— 48.9 0.64 (0.33 to 1.24)
Reginster, 2000'% 15/406 21/406 —— 5.1 0.71 (0.37 to 1.37)
Total (95% CI) 29/1218 43/1221 — 100.0 0.68 (0.43 to 1.08)

0.1

0.2 | 5 10
Favours treatment

Favours control

FIGURE 20 Risedronate: wrist fracture in severe postmenopausal osteoporosis

course of any study, results relating to the entire
study period have been used here.

This study did not provide evidence of
appropriately masked randomisation or specify
that outcome assessment was blinded (see
Appendix 10, Table 151).

Assessment of effectiveness: risedronate in
postmenopausal women with normal BMD
Vertebral fracture

Two women, one in the cyclic risedronate group
and one in the continuous risedronate group, had
vertebral fractures during the follow-up period.
The relative risk of vertebral fracture could not be
calculated because the appropriate denominators
were not known.

Non-vertebral fracture

Six subjects (three in the cyclic risedronate group
and three in the placebo group) had non-vertebral
fractures as a result of accidental traumatic events.
The relative risk of non-vertebral fracture, in
women receiving continuous risedronate
compared with placebo, was 0.14 (95% CI 0.01 to
2.60); however, none of the fractures appeared
osteoporotic in nature.

Risedronate in postmenopausal osteoporosis or
osteopenia, and in postmenopausal women with
normal BMD: summary

The best evidence for the relative risk of vertebral
and non-vertebral fracture in women taking
risedronate at the licensed dose, compared with
placebo, is summarised in Table 28. All results,
except those for early postmenopausal women
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with normal BMD, relate to women receiving
supplementary calcium.

Thus, risedronate, at a dose of 5 mg per day, has
been shown to have a protective effect in relation
to vertebral and non-vertebral fracture in women
with severe osteoporosis, and in a combined group
of women with severe osteoporosis, osteoporosis or
osteopenia. However, it has not been
demonstrated to be effective in women with
osteopenia or with osteoporosis without fracture,
or in early postmenopausal women with normal
BMD (Table 28).

Risedronate: adverse effects

All of the studies of risedronate found that the
overall distribution of adverse events, and of
adverse upper gastrointestinal events, was
comparable in the intervention and placebo
groups (see Appendix 10, Table 152).

As for alendronate and etidronate, risedronate has
no documented extraskeletal benefits.

A weekly dose of 35 mg has been demonstrated to
be as safe as a daily dose of 5 mg, and as effective
in relation to BMD and vertebral fracture
outcomes. '

Risedronate: continuance and compliance
Continuance in women taking a 5-mg dose of
risedronate ranged from 46%°® to 78%** at 2 years
and from 51%'** to 62%'* at 3 years.

Only one study'* specifically talked about
compliance in terms of both the number of subjects
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TABLE 28 Relative risk of fracture: risedronate (5 mg per day) versus placebo

Group Vertebral All non- Hip/pelvis Wrist fracture Other non-
fracture vertebral fracture vertebral
fracture fracture
Women with severe 0.63 0.67 0.60 ~ 0.8 No data
osteoporosis (0.51t0 0.78)°  (0.50t0 0.90)?  (0.42 t0 0.88)°" (0.43 to 1.08)°
Women with severe No data 0.8 _ 0.66 ~ No data No data
osteoporosis or osteoporosis (0.7 to 1.0)°' (0.48 to 0.89)¢'
(author’s
calculation)
Women with severe 0.62 0.66 No data No data No data
osteoporosis, osteoporosis (0.50 to 0.76)°  (0.50 to 0.87)°
or osteopenia
Women with osteoporosis No data No data 0.58 - Nodata No data
(0.27 to 1.24)"
Women with osteoporosis 0.53 0.55 No data No data No data
or osteopenia (0.24to 1.17)¢  (0.22 to 1.34)¢
Early postmenopausal No data 0.14 No data No data No data

women with normal BMD

Data are shown as RR (95% ClI)
? Based on data from Harris et al. (1999)'32 and Reginster et al. (2000).'*®
b Based on data from Harris et al. (1999),'3? Reginster et al. (2000)'3* and McClung (2001, younger osteoporotic cohort,

women with severe osteoporosis only).'3*
¢ Based on data from McClung (2001, younger osteoporotic cohort, all women).'3*
9 Based on data from Harris et al. (1999),'3? Reginster et al. (2000)'3* and McClung (2001, younger osteoporotic cohort, all

women. 134

(0.01 to 2.60)"

¢ Based on data from Fogelman et al. (2000),%* Harris et al. (1999)'3? and Reginster et al. (2000).'*®

f Based on data from McClung (2001, younger osteoporotic cohort, women without baseline fracture only).

€ Based on data from Fogelman et al. (2000).2*
h Based on data from Mortensen et al. (1998).58

134

" Includes pooled 2.5- and 5-mg data relating to McClung (2001).'**

who continued to take the medication and the
proportion of medication that they had taken. This
found that, overall, 86% of subjects took at least
80% of their medication. However, as noted above,
only 62% of subjects in the 5-mg arm completed
the protocol.

Raloxifene

Quantity and quality of research available:
raloxifene in postmenopausal osteoporosis or
osteopenia

Two studies were identified that used
raloxifene in women with postmenopausal
osteoporosis or osteopenia. Both compared
raloxifene with placebo. In both studies, subjects
in both the intervention and control groups
received comparable doses of calcium and vitamin
D (for details, see Appendix 10, Tables 153 and
154). Neither study reported on quality of life
outcomes associated with raloxifene treatment, as
opposed to those related to vertebral fracture.

137,138

One study'®” was carried out in women with severe

osteoporosis; the other [the Multiple Outcomes of
Raloxifene Evaluation (MORE) study]138 was
carried out in women with osteoporosis, only 37%
of whom had vertebral fracture at entry (see
Appendix 10, Table 153). The trials varied in terms
of their duration and the doses of calcium and
vitamin D used (see Appendix 10, Table 153).

As reported, one study137 appeared to have
potential for bias in relation to randomisation and
blinding; the methodological quality of the other
study138 appeared to be high, with very limited
potential for the introduction of bias (see
Appendix 10, Table 155).

The MORE study was extended for a fourth year
to assess further multiple outcomes including
fractures and outcomes relating to breast cancer,
cardiovascular disease and uterine safety. In this
fourth year, participants were allowed to take other
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TABLE 29 Raloxifene in postmenopausal osteoporosis: vertebral fracture data

Study Raloxifene Fracture
dose definition

Lufkin, 1998'%7 60 and 120 mg 15%

MORE study'®® 60 and 120 mg 20%

bone-active agents in addition to the study
medication. As a higher proportion of women in
the placebo than in the treatment groups reported
the use of such agents,'® the 4-year fracture data
have not been used in this review.

Assessment of effectiveness: raloxifene in
postmenopausal osteoporosis or osteopenia

Both of the identified studies used raloxifene at a
dose of 60 mg per day (the dose currently licensed
in the UK for the treatment of postmenopausal
osteoporosis) and also at 120 mg per day.

Vertebral fracture

Both studies presented separate vertebral fracture
data relating to the 60- and 120-mg dose

(Table 29).

The smaller of the two studies'®” did not produce
statistically significant results relating to vertebral
fracture using a 15% fracture definition (Zable 29).
The authors therefore reanalysed their results
using a fracture definition of at least 30%; they
then found a dose-dependent reduction, with a
relative risk of fracture of 0.64 (95% CI 0.30 to
1.40) in the 60-mg group and 0.31 (95% CI 0.11
to 0.87) in the 120-mg group. The larger MORE
study'®® found raloxifene to have a protective
effect against vertebral fracture in women with
osteoporosis with or without fracture.

Because the two studies used different fracture
definitions, it did not seem appropriate to
combine their results by meta-analysis. Instead, it
seemed more appropriate to utilise the results
from the MORE study, as this was a larger, better
quality. This study found the relative risk of
incident vertebral fracture in women with severe
osteoporosis or osteoporosis at 3 years, compared
with placebo, to be 0.65 (95% CI 0.53 to 0.79) in
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No. of women in each group suffering
vertebral fracture

Raloxifene 60 mg: 21/43

Raloxifene 120 mg: 20/45

Placebo: 18/45

RR, 60 mg vs placebo, 1.22 (95% CI 0.76 to 1.96)
RR, 120 mg vs placebo, 0.71 (95% CI 0.48 to 1.06)

Raloxifene 60 mg: 148/2259

Raloxifene 120 mg: 124/2277

Placebo: 231/2292

RR, 60 mg vs placebo, 0.65 (95% CI 0.53 to 0.79)
RR, 120 mg vs placebo, 0.54 (95% CI 0.44 to 0.67)

women receiving a 60-mg daily dose of raloxifene,
and 0.54 (95% CI 0.44 to 0.67) in those receiving
a 120-mg dose.

Subjects in the MORE study were divided into two
study groups: women with a 7-score below —2.5
but no vertebral fracture, and women who either
had low BMD with either one or more moderate
or severe or two or more mild vertebral fractures,
or had at least two moderate fractures regardless
of BMD. Each group was then randomised to
receive either placebo or one of two doses of
raloxifene.!® Separate analysis of data relating to
the two groups indicates a relative risk of vertebral
fracture of 0.53 (95% CI 0.35 to 0.79) in women
with osteoporosis without fracture who received

60 mg and of 0.62 (95% CI 0.43 to 0.91) in
women who received 120 mg. In women with
severe osteoporosis, the relative risk of vertebral
fracture was 0.69 (95% CI 0.56 to 0.86) in women
receiving 60 mg and 0.51 (95% CI 0.40 to 0.65) in
women receiving 120 mg.

Data from the MORE study indicated that
raloxifene reduced the risk of vertebral fracture
similarly in smokers and non-smokers.!*

The company submission for raloxifene contains
subgroup analysis relating to participants without
vertebral fractures at study entry. This claims that
pooled data relating to the two doses of raloxifene
from the MORE study show a similar reduction in
relative risk of new vertebral fracture at 3 years in
such women whether they had osteoporosis (RR
versus placebo 0.31, 95% CI 0.06 to 0.71) or
osteopenia (RR versus placebo 0.53, 95% CI 0.32
to 0.88) at study entry; the numbers of women in
each group suffering such fractures were not
specified.’® However, as reported,'®® the entry
criteria for the MORE study would appear to
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TABLE 30 Raloxifene in postmenopausal osteoporosis: non-vertebral fracture data

No. of women in each group suffering non-vertebral fracture

The authors only provided the numbers of non-vertebral fractures

in each group, not the number of women suffering such fractures;
they stated that there was no significant difference between the
groups in terms of non-vertebral fracture

Study Raloxifene dose
Lufkin, 1998'%7 60 and 120 mg
MORE study'3® 60 and 120 mg

Data at 36 months:

Pooled raloxifene groups: 437/4536
Placebo: 240/2292
RR 0.92 (95% CI 0.79 to 1.07)

TABLE 31 Raloxifene in postmenopausal osteoporosis: hip fracture data

No. of women in each group suffering hip fracture

Raloxifene 60 mg: 0/48

Raloxifene 120 mg: 1/47
Placebo: 0/48
RR, 120mg vs placebo, 3.06 (95% CI 0.13 to 73.34)

Study Raloxifene dose
Lufkin, 1998'%7 60 and 120 mg
MORE study'3® 60 and 120 mg

Data at 36 months:

Pooled raloxifene groups: 40/4536
Placebo: 18/2292
RR 1.12 (95% CI 0.65 to 1.95)

TABLE 32 Raloxifene in postmenopausal osteoporosis: wrist fracture data

Study Raloxifene dose

MORE study'3® 60 and 120 mg

No. of women in each group suffering non-vertebral fracture

Data at 36 months:

Pooled raloxifene groups: 151/4536
Placebo: 86/2292
RR 0.89 (95% CI 0.68 to I.15)

exclude women without vertebral fracture who
would be defined by their BMD as having
osteopenia rather than osteoporosis.

Non-vertebral, hip or wrist fracture

One study'®” only presented usable data on hip
fracture; additional data could not be obtained.
The other study'®® only presented pooled non-
vertebral fracture data from both raloxifene

groups.

Neither study demonstrated that raloxifene
produced a significant reduction in the risk of
non-vertebral, hip or wrist fracture (Tables 30-32).
However, women were required to discontinue

participation in the MORE study if their BMD had

decreased by at least 7% in the lumbar spine or
10% in the femoral neck at one year, or by at least

11% and 14%, respectively, at 2 years, or if at any
time during the study they had experienced more
than two incident vertebral fractures. As more
women left the placebo group than the
intervention groups for this reason, this may have
decreased the study’s ability to detect a statistically
significant result in relation to non-vertebral
fractures.'®8 Nonetheless, the size of the study was
such that its failure to demonstrate that raloxifene
has a significant effect on the risk of non-vertebral
fracture suggests that it in fact has no such effect.

Quantity and quality of research available:
raloxifene in postmenopausal women with
normal to low BMD

No RCTs were identified from the literature
search that studied the use of raloxifene in
postmenopausal women with normal to low BMD
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TABLE 33 Relative risk of fracture: raloxifene 60 mg versus placebo

Group Vertebral All non- Hip/pelvis Wrist fracture Other non-

fracture vertebral fracture vertebral
fracture fracture

Women with severe 0.69 No data No data No data No data

osteoporosis (0.56 to 0.86)°

Women with severe 0.65 0.92 .12 0.89 No data

osteoporosis or osteoporosis  (0.53 t0 0.79)°  (0.79 to 1.07)°¢ (0.65 to 1.95)?° (0.68 to 1.15)?¢

Women with severe No data No data No data No data No data

osteoporosis, osteoporosis

or osteopenia

Women with osteoporosis 0.53 No data No data No data No data
(0.35 t0 0.79)°

Women with osteopenia 0.53 No data No data No data No data
(0.32 to 0.88)°¢

Data are shown as RR (95% ClI).

? Based on data from the MORE study.'*

b Figures from pharmaceutical company submission.

¢ Pooled data from groups receiving 60- and 120-mg doses.

and that published fracture data. However, the
company submission®” indicated that three studies
had been undertaken in younger postmenopausal
women with normal to low BMD. Two of these
studies (studies GGGF and GGGG) were
undertaken in non-hysterectomised women, and
the third (study GGGH) in hysterectomised
women (for details see Appendix 10,

Tables 156—158). Interim data from study GGGF
have been published,’® as have pooled data from
studies GGGF and GGGG;® neither paper
published fracture data. Study GGGH remains
unpublished. These studies all used doses of 60
and 150 mg per day; two (GGGF and GGGG) also
used a 30-mg dose. One study (GGGH) also
included an oestrogen arm.

Two additional RCTs*"92 were identified that
reported data relating to the impact of raloxifene
on quality of life in healthy postmenopausal
women without menopausal symptoms that
required therapy. One of these studies”® compared
raloxifene both with oestrogen and with placebo,
and the other?” with continuous combined HRT
(for details, see Appendix 10, Tables 156-158).
Both studies measured quality of life using the
Women’s Health Questionnaire.

Although the quality of the studies reviewed in this
section was generally good (see Appendix 10,

Tuble 158), the available evidence did not
demonstrate that randomisation was undertaken
in such a way as to prevent bias.
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Assessment of effectiveness: raloxifene in
postmenopausal women with normal to low BMD
Vertebral fracture

Fractures were a secondary end-point of all three
prevention studies. [Commercial-in-confidence
mformation removed.]

Non-vertebral fracture
No non-vertebral fracture data were reported from
any study.

Quality of life

In one quality of life study,” the only significant
changes in quality of life associated with raloxifene
were deterioration in menstrual symptom scores in
the 150-mg group (p < 0.05) and improvement in
mean anxiety/fears scores in the 60-mg group. The
other study that reported quality of life outcomes*’
found that women taking raloxifene reported a
significant improvement in sleep problems from
baseline. Statistically significant between-group
differences in relation to depressed mood and
menstrual symptoms favoured raloxifene, whereas
those relating to memory/concentration,
vasomotor symptoms and sexual behaviour
favoured HRT. Significantly fewer women taking
raloxifene said that their treatment worried them
(10% versus 20% taking HRT, p < 0.01); this may
reflect the increased occurrence of adverse events
(specifically breast pain and vaginal bleeding) in
the HRT group. Women taking raloxifene
reported significantly greater treatment
satisfaction than those taking HRT (p = 0.004).
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Raloxifene in postmenopausal osteoporosis or
osteopenia, and in postmenopausal women with
normal to low BMD: summary

The best available evidence suggests that, at the
licensed dose of 60 mg per day, raloxifene reduces
the risk of vertebral fracture both in women with
severe osteoporosis and in women with
osteoporosis without fracture (Table 33). Figures
included in the company submission suggest that
it also reduces the risk of fracture in women with
osteopenia although, as indicated above, such
women do not seem to meet the study inclusion
criteria. However, there is no evidence that
raloxifene reduces the risk of vertebral fracture in
early postmenopausal women with normal or low
BMD or of non-vertebral fractures in any women.

Raloxifene: associated effects

Raloxifene has a number of potential
consequences derived from its oestrogen agonist
and antagonist eftects. Some of these associated
effects are adverse, and some potentially
beneficial. The most serious adverse effect is the
risk of venous thromboembolism, which is
increased approximately three-fold.'*®!*! This
level of risk was seen in the MORE study (see
Appendix 10, Table 159).

Pooled data from studies GGGF and GGGG
indicated that a significantly higher proportion of
women receiving 60 mg raloxifene suftered hot
flushes compared with those receiving placebo
(25% versus 18%, p = 0.04).%% However, these hot
flushes were generally mild, and did not cause
women to withdraw from the trials. These tigures
are comparable with those obtained by meta-
analysis of data from five placebo-controlled
studies; this also found a significantly higher
incidence of hot flushes in women treated with
raloxifene than in those receiving placebo (24.6%
versus 18.3%, p < 0.05).'*

In another study reviewed here, 37 arthralgia and
dizziness were significantly more common in
women treated with raloxifene than in those
treated with placebo, although these were not
found in the larger MORE study (see Appendix
10, Table 159). Leg cramps have also been found
to be significantly more common in women
receiving raloxifene (5.5% versus 1.9%,

p < 0.05),142 as have an influenza-like syndrome,
endometrial cavity fluid, peripheral oedema and
worsening of diabetes.'*®

Data from the MORE study indicate that
raloxifene may offer protection against breast
cancer, at least in the short term: at 4 years, the

relative risk of all types of breast cancer was 0.38
(95% CI 0.24 to 0.58) in the raloxifene group
compared with placebo, and the relative risk of
invasive breast cancer was 0.28 (95% CI 0.17 to
0.46).143

The impact of raloxifene on cardiovascular disease
is not clear: it lowers fibrinogen levels'** and total
and low-density lipoprotein cholesterol?®137:144.145
without reducing high-density lipoprotein
cholesterol,*®1%* but there are as yet no available
data to suggest that it reduces cardiovascular
events.'10

Raloxifene is not significantly different to placebo
in terms of the incidence of vaginal bleeding or of
changes in endometrial thickness.!*?

Raloxifene: continuance and compliance

In the studies reviewed in this section, the
percentage of subjects receiving 60 mg raloxifene
who completed the protocol ranged from over
90% in a 1-year studyl?’7 to 78% at 3 years.188

In the MORE study, 92% of subjects were said to
take more than 80% of the study medication; there
was no difference between groups in
compliance.'®® Another study found that 95% of
women on raloxifene reported that they were
taking their double-blinded medication regularly,
compared with 86% of those on HRT (p < 0.01);
however, pill counts did not indicate a significant
difference between the groups in this respect.’ In
the USA, a retrospective search of a pharmacy
prescription database!*” found that 56% of women
who were members of the Kaiser Foundation
Health Plan, a large health maintenancy
organisation, who had been prescribed raloxifene,
had discontinued treatment by 24 months.

Teriparatide [recombinant human parathyroid
hormone (1-34)]

Quantity and quality of research available:
teriparatide in postmenopausal osteoporosis or
osteopenia

Three RCTs** 118151 were identified that
compared teriparatide with another of the
interventions or comparators reviewed in this
report in women with postmenopausal
osteoporosis or osteopenia, and that reported
fracture outcomes (for details, see Appendix 10,
Tables 160 and 161). A fourth study,152 which
compared teriparatide plus HRT with HRT alone,
was excluded because it was not truly randomised.
It had originally been intended to recruit 40
women to this trial but, after 11 women had been
recruited and randomised, the new owners of the
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TABLE 34 Teriparatide in postmenopausal osteoporosis or osteopenia: vertebral fracture data

Study Fracture

definition

Teriparatide
dose

Cosman, 2001 '8 25 pg (400 1IU)  15% and 20%

per day

Neer, 2001 '* 20 or 40 pg

per day

20%

company that supplied the teriparatide would only
supply it to those women who had already been
randomised at that time. A further eight women
had at that point consented to participate: five
refused randomisation and the remaining three
who consented to randomisation could not be
oftered teriparatide because of the company’s
withdrawal; they therefore agreed to take part in
the control arm of the trial. As a result, the trial
cannot be described as truly randomised.

No studies were identified that reported the
impact of teriparatide on quality of life. A study,
available only in abstract form, which assessed the
impact of incident vertebral and non-vertebral
fractures on quality of life in a subset of
participants in a larger, unspecified, RCT was not
relevant in this context.

150

Only one of the identified studies”* compared
teriparatide with another active intervention: this
compared a dose of 40 pug per day (twice the US
licensed dose) with a 10 mg per day dose of
alendronate in women with osteoporosis. The
choice of teriparatide dose pre-dated the
conclusion of the large fracture prevention tria
whose findings in relation to the balance of
skeletal benefits and adverse events determined
the US licensed dose. This study only provided
data on non-vertebral fracture. Of the remaining
studies, both compared teriparatide with placebo,
one in women with severe osteoporosis,'°! and the
other in women with severe osteoporosis or
osteoporosis who had been on HRT for at least

2 years.'*8

1151

In one study, subjects were given a multivitamin
including 400 IU per day vitamin D, and
nutritional advice to maintain total calcium intakes
of 1500 mg per day.!*® In another, all subjects
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No. of women in each group suffering
vertebral fracture

Using the 20% definition, no vertebral fractures
occurred in the teriparatide/HRT group, compared
with seven in the HRT-only group (p < 0.02). The
number of women in the HRT-only group who
suffered such fractures was not stated

Teriparatide 20 pg: 22/444

Teriparatide 40 pg: 19/434

Placebo: 64/448

RR, 20 g vs placebo, 0.35 (95% CI 0.22 to 0.55)
RR, 40 g vs placebo, 0.31 (95% CI 0.19 to 0.50)

were given 1000 mg calcium and 400-1200 IU
vitamin D per day.’®! The third study, which was
only available in abstract form, did not comment
on subjects’ calcium and vitamin D intakes.

The reported quality of the identified studies was
fair (see Appendix 10, Table 162), although in two
studies?*1°! it was not clear that randomisation
was not open to bias.

Assessment of effectiveness of teriparatide in
postmenopausal osteoporosis or osteopenia
Comparisons with active treatment

The study that compared women taking 40 pg per
day teriparatide (twice the US licensed dose) with
those taking 10 mg per day alendronate did not
report vertebral fracture data. However, back pain
was reported significantly less frequently by
women in the teriparatide group (6%) than by
those in the alendronate group (19%, p = 0.012).
Mean height did not change from baseline in
either group.”

This study found no significant difference in terms
of non-vertebral fracture between women taking
teriparatide and those taking alendronate (relative
risk of fracture 0.30, 95% CI 0.09 to 1.05).*

Comparisons with placebo

Vertebral fracture

Only one of the placebo-controlled studies
provided data on the number of women in each
group who suffered incident vertebral fractures
(Table 34). In this study,151 the relative risk of such
fracture, in women receiving the US licensed dose
of teriparatide (20 wg per day) compared with
placebo, was 0.35 (95% CI 0.22 to 0.55); the
relative risk in women receiving 40 pug per day was
0.31 (95% CI 0.19 to 0.50). In the other study,'*®
significantly fewer vertebral fractures occurred in
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TABLE 35 Teriparatide in postmenopausal osteoporosis or osteopenia: non-vertebral fracture data

Study Teriparatide dose

Neer, 20013 20 or 40 g per day Teriparatide 20 pg: 34/541
Teriparatide 40 g: 32/552

Placebo: 53/544

RR, 20 g vs placebo, 0.65 (95% CI 0.43 to 0.98)
RR, 40 g vs placebo, 0.60 (95% CI 0.39 to 0.91)

TABLE 36 Relative risk of fracture: teriparatide 20 g per day versus placebo

No. of women in each group suffering non-vertebral fracture

Group Vertebral All non- Hip fracture Wrist fracture  Humerus
fracture vertebral fracture
fracture
Women with severe 0.35 0.65 0.50 0.54 0.80
osteoporosis (0.22 to 0.55)° (0.43 t0 0.98)?  (0.09 to 2.73)° (0.22 to 1.35)° (0.22 to 2.98)°
Women with osteoporosis No data No data No data No data No data

or osteopenia

Data are shown as RR (95% ClI).
“ Based on data from Neer et al. (2001).'%!

the teriparatide group than in the placebo group;
however, the number of women suffering such
fractures was not stated.

Non-vertebral fracture

Only one placebo-controlled study reported non-
vertebral fracture data'®! (Table 35): it found that
the risk of non-vertebral fracture was significantly
reduced in women receiving teriparatide, at either
20 or 40 pg per day, compared with placebo
(1able 35). However, it was not large enough to
demonstrate a significant reduction in fracture of
the hip (RR 0.50, 95% CI 0.09 to 2.73), wrist (RR
0.54, 95% CI 0.22 to 1.35) or humerus (RR 0.80,
95% CI 0.22 to 2.98) in women receiving a 20-pg
daily dose of teriparatide.

Quantity and quality of research available:
teriparatide in postmenopausal women not
selected for low BMD

No studies were identified that used teriparatide
in postmenopausal women not selected for low
BMD.

Teriparatide in postmenopausal osteoporosis:
summary

The available evidence indicates that teriparatide
reduces the risk of vertebral and non-vertebral
fracture relative to placebo in women with severe
osteoporosis (Table 36). However, it has not been
demonstrated by direct comparison to be superior
to alendronate in this respect, nor has its efficacy

been demonstrated in women with osteoporosis
without fracture or osteopenia.

Teriparatide: side-effects

The studies reviewed in this report mention a
number of side-effects that appear to be associated
with teriparatide. In one study,'®! women in the
treatment group were significantly more likely
than those in the placebo group to report nausea
and headache; however, another study'*® specified
that there were no reports of nausea. One study'"!
reported that a large proportion of subjects had
mild discomfort at the injection sites (for details,
see Appendix 10, Table 163).

A systematic review of PTH for the treatment of
osteoporosis suggests that it was associated with
hypercalcaemia in a small proportion of patients.
This occurred early in treatment, and may have
been dose dependent. There was no published
evidence that PTH use increased the risk of

cancer. %3

Teriparatide: continuance and compliance

Two studies?*!*® stated how many women in the
treatment arm completed the protocol. In a study
in which treatment lasted a median of 14
months,™ 70% of women receiving 40 pg per day
teriparatide completed the protocol compared
with 78% of those receiving 10 mg per day
alendronate. In a 3-year study, 78% of those
receiving 25 pg per day teriparatide completed
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the protocol, compared with 100% of the placebo
arm.'*

Two studies”*!®! commented on compliance with
the teriparatide regimen. One®* stated that
median compliance with treatment, assessed by
pill counts of oral medication and measurement of
volume of injectable medication returned at each
study visit, was 67% in women receiving
teriparatide group compared with 71% in those
receiving alendronate. In the other study,'*®
average compliance with injections was assessed,
on the basis of medications returned at each yearly
visit, to range between 79 and 83%; the rates did
not differ significantly between the two
teriparatide groups and the placebo group.

Description of comparator
treatments

Calcium

Calcium supplements are usually only required
where dietary calcium intake is deficient. The UK
Reference Nutrient Intake (RNI) for calcium, in
people aged 19 and over, is 700 mg per day; in
1998, the Department of Health felt that the
evidence was insufficient to recommend a higher
intake for older women.! However, older people
may require a higher calcium intake because of
impaired absorption.

A calcium intake double the RNI has been
recommended in patients with osteoporosis and, if
the actual dietary intake is less than the RNI, it
has been suggested that a daily supplement of as
much as 40 mmol (approximately 1.6 g) is
appropriate.*!

Many formulations containing calcium are
available.

Vitamin D

The term ‘vitamin D’ is broadly applied to a range
of compounds, including ergocalciferol (calciferol,
vitamin Dy) and cholecalciferol (vitamin Ds), as
well as the vitamin D derivatives dihydrotachysterol,
alfacalcidol (1-hydroxycholecalciferol) and
calcitriol (1,25-dihydroxycholecalciferol). Only
vitamin Dy and vitamin Dy are discussed in this
section; vitamin D derivatives will be discussed in
the section on calcitriol, below.

Vitamin D has a direct effect on bone strength by
aiding the absorption of calcium and promoting
bone mineralisation. It also appears to have an
independent effect on the risk of osteoporotic
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fracture by reducing postural sway. Thus, recent
research has shown that, in postmenopausal
women with osteoporosis, vitamin D deficiency is
associated with increased body sway and an
elevated risk of falls and related fractures.'®*

Vitamin D deficiency is not uncommon in elderly
people living alone. It can be prevented by taking
a daily oral supplement of 20 g (800 units) of
vitamin Dy (double the RNI for people aged

65 years and over). No plain tablet of this strength
is available, but calcium and vitamin Dy tablets can
be given, even if the calcium is unnecessary.41

Vitamin Dy is contraindicated in patients with:

¢ hypercalcaemia

e metastatic calcification.*!

Calcitriol

Calcitriol [1,25-dihydroxycholecalciferol;
1,25(OH)yD3] is the most physiologically active
metabolite of vitamin D," and the only one that
is licensed in the UK for the treatment of
postmenopausal osteoporosis. The licensed dose
for severe osteoporosis is 250 ng (0.25 pg) twice
daily.41

Calcitriol is contraindicated in patients with:

¢ hypercalcaemia

e metastatic calcification.*!

Plasma calcium and creatinine should be
monitored in women taking calcitriol.*!

Calcitriol has a shorter duration of action than
vitamins Dy and D3, and therefore problems

associated with hypercalcaemia due to excessive
dosage are shorter lasting and easier to treat.*!

Calcitriol is marketed by Roche as Rocaltrol®.
Rocaltrol is available in 250- and 500-ng capsules,
at a net price, for 20 capsules, of £4.12 and £7.36,
respectively.!

HRT

The term HRT refers to the use of female sex
steroid hormones (oestrogen with or without
progestogen) in perimenopausal and
postmenopausal women for non-contraceptive
purposes. As the main purpose of HRT is
oestrogen supplementation, women without a
uterus may be given unopposed oestrogen.
However, to reduce the risk of cancer of the
endometrium, women with an intact uterus should
also be given progestogen. In women who have
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suffered from endometriosis, endometrial foci may
remain despite hysterectomy, and the addition of a
progestogen is therefore also recommended for
these women.*! Progestogen may be given either
sequentially (for the last 10-14 days of each
28-day oestrogen treatment cycle) or continuously
alongside oestrogen (usually combined in one
preparation).*

HRT is licensed for the prophylaxis of
postmenopausal osteoporosis. For this purpose,
small doses of oestrogen may be given for several
years starting in the perimenopausal period. They
are usually given orally or transdermally, although
subdermal administration is also possible. In
particular, it is currently recommended that
women who undergo natural or surgical
menopause before the age of 45 years should be
given HRT for 5-10 years. It is currently felt that,
in menopausal women with a uterus, the risks of
taking HRT for longer than 5 years may outweigh
the benefits, but long-term HRT may be
considered if several risk factors for osteoporosis
are present.*!

HRT is contraindicated in:

pregnant or breast-feeding women

e women with oestrogen-dependent cancer

e women with active thrombophlebitis,
thromboembolic disorders or a history of
recurrent venous thromboembolism (unless
already on anticoagulant treatment)

e women with liver disease

e women with Dubin-Johnson and Rotor
syndromes

e women with undiagnosed vaginal bleeding.*!

In women with predisposing factors to DVT and
pulmonary embolism (such as a personal or family
history of DVT or pulmonary embolism, severe
varicose veins, obesity, surgery, trauma or
prolonged bed rest), the need for HRT should be
reviewed as in some cases the risks of treatment
may exceed the benefits. Travel may also increase
the risk of DVT.*!

Several HRT preparations are available. The
‘natural’ oestrogens include CEEs and the plant
derivatives estradiol, estrone and estriol; the latter
are identical in structure to human oestrogens'®®
and are considered to have a more appropriate
profile for HRT than synthetic oestrogens
(ethinyloestradiol and mestranol).*! In the USA,
CEEs are most commonly used; the dose is
0.625-1.25 mg per day. In the UK, oestradiol is
most frequently used; the oral dose is 1-2 mg per

day and the transdermal dose 50 wg per day.*!
Transdermal oestrogen is less likely to cause
headache and nausea than oral oestrogen.'%’

More than 95% of women who take sequential
HRT will have monthly withdrawal bleeding, while
more than 75% of women who receive continuous
combined preparations will have some bleeding
during the first year, and approximately 10-15%
will continue to have some bleeding after

12 months. Endometrial biopsy is recommended
in women on cyclic progestin whose bleeding
begins before day 6 of the cycle or is unusually
heavy and prolonged, and in women on
continuous therapy whose bleeding continues for
more than 6 months. As a result, more than 10%
of women receiving HRT may require endometrial
biopsy each year. As women who have recently
experienced menopause are at higher risk of
excessive, unpredictable bleeding while receiving
continuous therapy,'®” continuous preparations
are not recommended for use in the
perimenopause or within 12 months of the last
menstrual period.*!

Results: comparator treatments

For each of the relevant interventions, the studies
that compare the intervention with other active
interventions are discussed before those that
compare the intervention with placebo. Studies in
which both the intervention and control groups
receive other interventions (calcium, vitamin D or
HRT) in comparable doses are treated as
comparisons with placebo/no treatment.

Calcium

Quantity and quality of research available:
calcium in postmenopausal osteoporosis or
osteopenia

Four RCTs%1198-160 \were identified that met the
inclusion criteria and that compared the effects
of calcium, with or without vitamin D, with those
of another intervention or comparator reviewed
in this report, and that reported fracture
outcomes. Only one of these studies was a
comparison with active treatment (calcitriol).
The remainder®!!%8:159 were comparisons with
placebo or no treatment. All four studies used
doses of 1-1.2 g per day of calcium, comparable
with the licensed dose of 1-1.5 g per day (for
details of study design, see Appendix 10,

Tables 164 and 165). No study was found that
reported quality of life outcomes in women with
postmenopausal osteoporosis or osteopenia who
were taking calcium.

160
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TABLE 37 Calcium in postmenopausal osteoporosis or osteopenia: vertebral fracture data

Study Calcium dose

Hansson, 1987°¢' | g per day Not given

Orimo, 1987'°8 | g per day 20%

Recker, 1996'%° |.2 g per day 20%

Tilyard, 1992'¢° | g per day 15%

All four studies reported results relating to women
with severe osteoporosis. One study,'* which
reported the spine antifracture efficacy of calcium
in elderly women with low self-chosen calcium
intakes, with and without pre-existing vertebral
fractures, did not select participants on the basis
of low BMD. However, this study was designed to
evaluate vertebral fracture in two groups: women
with, and those without, prevalent vertebral
fractures on entry. For logistical reasons, it was
necessary to randomise subjects to treatment
without reference to their prevalent fracture status,
but when they were broken down into fracture and
non-fracture groups for analysis the subgroups
were found to be similar in age and customary
calcium intake. The results relating to women with
prevalent fractures are therefore reported here,
and those relating to women without prevalent
fractures are reported in a later section.

As reported, the methodological quality of most of
these studies was not high (see Appendix 10,

Table 166). In particular, most failed to
demonstrate that the method of randomisation
did not allow bias. One study®! also failed to give
sufficient information regarding the baseline
comparability of the treatment group, while in
another'?® the efficacy of calcium may have been
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Fracture definition

No. of women in each group suffering vertebral
fracture

One vertebral fracture occurred in the calcium group
and one in the control group; the relative risk of
fracture cannot be calculated as the denominators are
not clear

There were 108 new vertebral fractures in the
calcium group and 79 in the control group. No data
were available relating to the number of women
suffering these fractures

Calcium: 15/53
Placebo: 21/41
RR 0.55 (95% CI 0.33 to 0.93)

Year |:

Calcium: 17/253

Calcitriol: 14/262

RR 1.26 (95% Cl 0.63 to 2.50)
Year 2:

Calcium: 30/240

Calcitriol: 14/236

RR2.11 (95% CI 1.15 to 3.87)
Year 3:

Calcium: 44/219

Calcitriol: 12/213

RR 3.57 (95% CI 1.94 to 6.56)

underestimated because of the significant
difference between the calcium and control groups
in terms of number of baseline fractures.

Assessment of effectiveness of calcium in
postmenopausal osteoporosis or osteopenia
Comparison with active treatment

In the second and third years of the study that
compared 1 g per day calcium with 0.25 ug per
day calcitriol,'® a significantly greater number of
women in the calcium group suffered incident
vertebral fractures when compared with the
calcitriol group. However, this effect was evident
only after 2 years of treatment (Table 37), and the
total 3-year figures are not presented. Moreover,
subgroup analysis indicated that no significant
treatment effect was seen in women with six or
more vertebral fractures at baseline,'®® or in those
aged 64 years or younger.'%!

Over the 3-year period, 11 women in the calcitriol
group suffered non-vertebral fractures, compared
with 22 in the calcium group (RR 0.49, 95% CI
0.24 to 0.99).1%°

Comparisons with placebo or no treatment
Vertebral fracture
These studies are diverse in their findings. In one
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TABLE 38 Calcium in postmenopausal women not selected for low BMD: comparisons with active treatment

Study Comparator

Type of fracture Calcium Comparator

No. of subjects suffering
fracture

RR of fracture
(95% CiI): calcium
vs comparator

Komulainen, 1998'¢2  Calcium + vitamin D5 Non-vertebral I5/116 /116 1.36 (0.65 to 2.84)
Hip 2/116 /116 2.00 (0.18 to 21.75)

Komulainen, 1998'¢2  HRT Non-vertebral 15/116 6/116 2.50 (1.01 to 6.22)
Hip 2/116 0/116 5.00 (0.24 to 103.03)

Komulainen, 1998'®2  HRT, calcium, vitamin D;  Non-vertebral I5/116 7/116 2.14 (0.91 to 5.06)
Hip 2/116 o/116 5.00 (0.24 to 103.03)

small study,®! the number of vertebral fractures
was the same in the calcium and untreated groups.
A second study found more incident fractures in
the calcium group than in the control group, but
did not indicate how many women suffered such
fractures; '8 without this information, the relative
risk of fracture cannot be calculated and it is
impossible to exclude the possibility that, although
there were more fractures in the calcium group, a
smaller proportion of women in that group may
have suffered such fractures than in the control
group. In addition, in this study, as noted above,
disparity between the groups at baseline may have
disadvantaged the calcium group. The third
study'® found that calcium reduced the risk of
incident vertebral fracture in women with low self-
chosen calcium intakes (RR versus placebo 0.55,
95% CI 0.33 to 0.93) (1able 37).

Non-vertebral fracture
None of the non-comparative studies provided
data relating to non-vertebral fracture.

Quantity and quality of research available:
calcium in postmenopausal women not selected
for low BMD

Four RCTs"> 74199162 were identified that studied
the use of calcium in postmenopausal women with
normal or unspecified BMD, and that provided
fracture data. One of these studies was carried out
in non-osteoporotic early postmenopausal
women,'%? and another in healthy postmenopausal
women with normal BMD and no prevalent
fractures.”* Another study!'®” has been mentioned
earlier: it reported the spine antifracture efticacy
of calcium in elderly women with low self-chosen
calcium intakes who were not selected on the basis
of low BMD. The results relating to women

without prevalent fractures at entry are reported in
this section. The fourth study73 was carried out in
women without symptomatic vertebral fractures,
who again were not selected on the basis of low
BMD. Women were originally recruited for

2 years, but 86 of the 122 women who completed
that original 2-year study agreed to continue in
the study for a further 2 years, still blinded to
their treatment allocation and BMD results. %
Both the 2-year and the 4-year results are
therefore reported here.

One study'®? compared calcium alone with
calcium plus vitamin D3, HRT, and HRT plus
calcium and vitamin Dy. The remaining three
studies were placebo controlled (for further
details, see Appendix 10, Tables 167 and 168).

In terms of reporting quality, none of these studies
provided evidence of adequate concealment of
randomisation, and two failed to provide evidence
of blinded outcome assessment (see Appendix 10,
Table 169).

Assessment of effectiveness: calcium in
postmenopausal women not selected for low
BMD

Comparisons with active treatment

The study that compared calcium with other
interventions'®? only provided data relating to non-
vertebral fractures. Although the point estimates
suggest that calcium alone was less effective in
preventing non-vertebral fracture than any of the
comparators, the study was underpowered in
relation to fracture outcomes and, in all but one
comparison (calcium versus HRT for the prevention
of all non-vertebral fractures), the confidence
intervals cross unity (Table 38).
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TABLE 39 Calcium in postmenopausal women not selected for low BMD: vertebral fracture data

Study Calcium dose  Fracture definition No. of women in each group suffering vertebral
fracture

Recker, 1996'% 1.2 g per day 20% Calcium: 12/42
Placebo: 13/61
RR 1.34 (95% CI 0.68 to 2.64)

Reid, 199373 | g per day 20% 4-year data (symptomatic fracture only):

Calcium: 0/38
Placebo: 1/40
RR 0.35 (95% CI 0.01 to 8.35)

Riggs, 199874 |.6 g per day 15% There were eight incident vertebral fractures in the
calcium group and nine in the placebo group. Data
were not available relating to the number of women
suffering these fractures

Comparison: 03 Non-osteoporotic women - vertebral fracture

Outcome: 0l Vertebral fracture

Calcium Placebo RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Recker, 1996'% 12/42 13/61 — 95.6 1.34 (0.68 to 2.64)
Reid, 199373 0/38 1/40 & 44 0.35(0.01 to 8.35)

Total (95% ClI) 12/80 14/101 ——— 100.0 1.26 (0.65 to 2.46)

Test for heterogeneity x2 = 0.67, df = |,p = 0.4

Test for overall effectz = 0.69, p = 0.5

01 02 | 510
Favours treatment  Favours control

FIGURE 21 Calcium: vertebral fracture in postmenopausal women not selected for low BMD

Comparisons with placebo

Vertebral fracture

All three placebo-controlled studies provided
vertebral fracture data (Table 39). None
demonstrated that calcium reduced the risk of
vertebral fracture relative to placebo. Meta-
analysis of the data from the Recker'*® and Reid”
studies did not demonstrate a statistically
significant difference in the risk of vertebral
fracture between women receiving calcium and
those receiving placebo (RR 1.26, 95% CI 0.65 to
2.46) (Figure 21).

Non-vertebral fracture

Two of the placebo-controlled studies provided
data on non-vertebral fracture. These data are also
inconclusive (Table 40). Data from the Reid
study'® suggested that calcium might be
protective against non-vertebral fracture, but the
relative risk could not be calculated (Table 40). The
other study’* showed no difference in terms of
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non-vertebral fracture between the calcium and
control groups.

Calcium in postmenopausal osteoporosis or
osteopenia, and in postmenopausal women not
selected for low BMD: summary

As may be seen, there is less evidence than might
be desired relating to the efficacy of calcium alone
either in women with postmenopausal
osteoporosis or in those not selected for low BMD.
Most of the studies are too small to demonstrate
statistical significance relative to fracture
outcomes. However, direct comparison suggests
that calcium is less effective than calcitriol in
reducing the risk of vertebral and non-vertebral
fracture in women with severe osteoporosis.

The evidence suggests that calcium
supplementation may be beneficial in women with
low dietary calcium intakes, but has little effect in

those with adequate or high dietary calcium 55
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TABLE 40 Calcium in postmenopausal women not selected for low BMD: non-vertebral fracture data

Study Calcium dose No. of women in each group suffering non-vertebral fracture

Recker, 1996'%° 1.2 g per day No data

Reid, 199373 | g per day At 4 years, there were two symptomatic fractures in 2/38 subjects
in the treatment group and nine symptomatic fractures (including
one vertebral fracture) in 7/40 subjects in the placebo group. As it
was not clear whether six or seven women in the placebo group
suffered non-vertebral fracture, the RR could not be calculated

Riggs, 199874 1.6 g per day There were || incident non-vertebral fractures in the calcium group

and 12 in the placebo group. Data on the number of women
suffering these fractures were not available

TABLE 41 Relative risk of fracture: calcium versus placebo

Group Vertebral All non- Hip fracture Wrist fracture  Other non-
fracture vertebral vertebral

fracture fracture

Women with severe 0.55

osteoporosis (0.33t0 0.93)°°  No data No data No data No data

Women with severe No data No data No data No data No data

osteoporosis or osteoporosis

Women with osteopenia No data No data No data No data No data

Postmenopausal women 1.26 No data No data No data No data
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with normal or low BMD (0.65 to 2.46)°¢

? Based on data from Recker et al. (1996, fracture arm).'*®

b Based on data from Recker et al. (1996, non-fracture arm)'*® and Reid et al. (1993).”3
¢ May not apply to women with adequate dietary calcium intakes.

intakes. However, there is no evidence that
calcium supplementation is beneficial even in
those with low dietary calcium intakes, unless they
are already severely osteoporotic (Table 41).

Calcium: side-effects

Calcium is in some cases associated with
gastrointestinal problems. In two of the studies
reviewed here,”*1%Y the incidence of
gastrointestinal problems (abdominal cramping,
constipation, bloating and diarrhoea) was higher
in the calcium group than in the control group. In
a further two studies”'® which did not comment
on the overall distribution of gastrointestinal
problems in the study populations, some
withdrawals from the calcium arm were attributed
to gastrointestinal symptoms (for details, see
Appendix 10, Table 170).

Calcium supplementation can cause hypercalcaemia
and hypercalciuria, conditions that may lead to
the deposition of excess calcium in the kidneys.
The risk of symptomatic nephrolithiasis has been

shown to increase slightly in women taking
calcium supplements, although it decreases in
women with a higher dietary calcium intake.'®*
Although one subject withdrew from one of the
studies reviewed here as a result of renal stones
that were considered to be potentially related to
calcium supplementation,” and one woman in
another study suffered hypercalciuria;’* in the
latter study both hypercalciuria and renal stones
were also observed in the placebo group.

Calcium: continuance and compliance

Few studies provided specific information
relating to continuance in subjects receiving
calcium. However, in one study61 88% of the
calcium arm continued on treatment at 3 years,
and in another™ 74% remained on treatment at
4 years. One study'® noted that, in women with
low self-reported calcium intakes, median
compliance with calcium supplementation,
expressed as the percentage of pills prescribed
that were not returned on a subsequent visit,
was 64%.
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TABLE 42 Calcium plus vitamin D in postmenopausal women not selected for low BMD: comparisons with active treatment

Study Comparator

Type of fracture Calcium Comparator

No. of subjects suffering
fracture

RR of fracture

+ vitamin (95% CI): calcium
D; + Vitamin D vs
comparator
Komulainen, 1998'¢2  Calcium Non-vertebral [1/116 15/116 0.73 (0.35 to 1.53)
Hip /116 2/116 0.50 (0.05 to 5.44)
Komulainen, 1998'¢2  HRT Non-vertebral /116 6/116 1.83 (0.70 to 4.79)
Hip /116 o/116 3.00 (0.12 to 72.89)
Komulainen, 1998'¢2  HRT, calcium, vitamin D;  Non-vertebral /116 7/116 1.57 (0.63 to 3.91)
Hip /116 o/116 3.00 (0.12 to 72.89)

Calcium plus vitamin D

Quantity and quality of research available:
calcium plus vitamin D in women with
postmenopausal osteoporosis or osteopenia

No RCTs were identified that compared calcium
plus vitamin D with those of another intervention
or comparator reviewed in this report in women
with osteoporosis and osteopenia, and that
reported fracture outcomes.

Quantity and quality of research available:
calcium plus vitamin D in postmenopausal women
not selected for low BMD

Four RCTs?!"102165:166 were jdentified that
compared calcium plus vitamin Dj (cholecalciferol)
with another intervention or comparator reviewed
in this report in women who had not been selected
for low BMD, and that reported fracture
outcomes. Two of these studies®'%% were carried
out in healthy women in their forties, fifties and
sixties, and the other two!6>166 jn ambulatory
elderly women living in nursing homes or
apartment homes for the elderly. The mean age of
the populations of the latter two studies was more
than 20 years older than the mean age of the
women who took part in the Baeksgaard study,’
and more than 30 years older than the mean age
of those who took part in the Komulainen study'%?
(see Appendix 10, Tables 171 and 172).

One study'®? compared calcium plus vitamin Dy
with calcium alone, HRT, and HRT plus calcium
and vitamin Ds. The remaining three studies were
placebo controlled. In one study,’! the two active
treatment arms received calcium and vitamin D in
equal quantities, but one also received a
multivitamin supplement. In another study,'® the
two active treatment arms again received calcium
and vitamin D in equal quantities, but one
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received it as a fixed formulation and the other as
separate components.

As reported, the quality of all of the studies
appeared to be poor: in particular, none provided
evidence of appropriately masked randomisation
or of blinded outcome assessment (for details, see
Appendix 10, Table 173).

Assessment of effectiveness: calcium plus vitamin
D in postmenopausal women not selected for low
BMD

Comparisons with active treatment

In the study that compared calcium plus vitamin D
with other active treatments, the point estimates
suggest that calcium plus vitamin Dy may be more
effective than calcium alone in preventing non-
vertebral fracture; however, the confidence
intervals for this, and all other comparisons, cross
unity (Table 42).

Comparisons with placebo or no treatment
Vertebral fracture

Only one study®! provided data relating to
vertebral fracture: in this study, two women, one in
the calcium plus vitamin Dy group and one in the
calcium, vitamin D3 plus multivitamin group,
suffered radiologically verified vertebral fractures
(RR of fracture, pooled calcium plus vitamin Ds
groups versus placebo, 2.39, 95% CI 0.12 to
49.07).

Non-vertebral fracture

Two of the placebo-controlled studies
provided data relating to non-vertebral fracture.
These studies were both carried out in elderly
women, and had incident hip fractures as their
primary outcome measure. The larger of these two
studies!® found a statistically significant reduction

165,166
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TABLE 43 Calcium plus vitamin D in elderly postmenopausal women not selected for low BMD: non-vertebral fracture data

Study Calcium dose  Vitamin D dose
Chapuy, 1994'65 1.2 g per day 800 IU per day
Chapuy, 200266 1.2 g per day 800 IU per day

No. of women in each group suffering non-
vertebral fracture

Calcium + vitamin D: 255/1176
Placebo: 308/1127
RR 0.79 (95% Cl 0.69 to 0.92)

Provides information relating to hip fracture and non-
hip non-vertebral fracture, but not relating to the
total number of women suffering non-vertebral
fracture

TABLE 44 Calcium plus vitamin D in elderly postmenopausal women not selected for low BMD: hip fracture data

Study Calcium dose  Vitamin D dose
Chapuy, 1994'6° |.2 g per day 800 IU per day
Chapuy, 200266 1.2 g per day 800 IU per day

Number of women in each group suffering hip
fracture

Calcium + vitamin D: 137/1176
Placebo: 178/1127
RR 0.74 (95% Cl 0.60 to 0.91)

Calcium + vitamin D: 27/393
Placebo: 21/190
RR 0.62 (95% CI 0.36 to 1.07)

Comeparison: 01 Elderly women - non-vertebral fracture
Outcome: 02 Hip fracture
Treatment Control RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Chapuy, 1994'° 137/1176 178/1127 B 87.3 0.74 (0.60 t0 0.91)

Chapuy, 2002'% 27/393 21/190 —8— 12.7 0.62 (0.36 to 1.07)
Total (95% Cl) 164/1569 199/1317 <> 100.0 0.72 (0.59 to 0.88)
Test for heterogeneity 2 = 0.33,df = |, p = 0.56
Test for overall effect z = -3.30, p = 0.0010

01 02 | 510
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FIGURE 22 Calcium plus vitamin D: hip fracture in elderly postmenopausal women not selected for low BMD

in the risk of all non-vertebral fractures in women
given calcium plus vitamin Dy (Table 43).

Hip fracture

The same two studies provided information
relating to hip fracture. The larger of the two
studies'® found a statistically significant reduction
in the risk of hip fracture in women given calcium
plus vitamin Dy (Table 44). Pooled data from the
two studies indicate a relative risk of hip fracture
of 0.72 (95% CI 0.59 to 0.88) in elderly women
receiving calcium plus vitamin D3 compared with
those receiving placebo (Figure 22). However, in

165,166

both studies, the subjects’ baseline dietary calcium
intake was said to be low (mean intake below

600 mg per day), and in one study'®® mean
baseline dietary vitamin Djs levels were also said to
be very low (40.8 IU per day). Comparable results
would therefore not necessarily be achieved in
women with adequate dietary calcium and vitamin

D3 intakes.

Non-hip non-vertebral fracture

One study'® indicated that comparable numbers
of women in each group suffered non-hip, non-
vertebral fractures. The data were expressed only
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TABLE 45 Relative risk of fracture: calcium plus vitamin D versus placebo

Group Vertebral All non-vertebral
fracture fracture

Women with severe No data No data

osteoporosis

Women with severe No data No data

osteoporosis or

osteoporosis

Women with No data No data

osteopenia

Women unselected 2.95 0.79

for low BMD (0.21 to 71.21)*¢ (0.69 to 0.92)>¢

Data are shown as RR (95% CI).
? Based on data from Baeksgaard et al. (1998).%"'
b Based on data from Chapuy et al. (1994).'¢°

Other non-
vertebral fracture

Hip fracture  Wrist fracture

No data No data No data
No data No data No data
No data No data No data
0.72 No data No data
(0.59 to 0.88)“¢

¢ Based on data from Chapuy et al. (1994)'% and Chapuy et al. (2002).'¢¢

9 Probably symptomatic fracture only.

¢ May not apply to women with adequate dietary calcium and vitamin D3 intakes.

as percentages of women in each group suffering
such fractures: 17.8% of women in the pooled
treatment groups and 17.9% of those in the
placebo group experienced at least one such
fracture.

Calcium plus vitamin D in postmenopausal
osteoporosis or osteopenia, and in
postmenopausal women not selected for low
BMD: summary

No evidence was found relating to the antifracture
efficacy of calcium plus vitamin Ds in
postmenopausal women known to have
osteoporosis or osteopenia.

Calcium plus vitamin Dy has not been
demonstrated to protect against vertebral fracture
in healthy women in their late fifties and sixties
(Table 45). It has been shown to offer protection
against non-vertebral and hip fracture in elderly
women with low dietary calcium and vitamin D
intakes many of whom would, because of their age,
probably be suffering from osteoporosis or
osteopenia, but there is no evidence that it is
beneficial to women with adequate dietary calcium
and vitamin D intakes.

Calcium plus vitamin D: side-effects

The potential toxicity of calcium alone has been
discussed above. Excess consumption of vitamin D
also leads to hypercalcaemia, which may in turn
lead to kidney failure as the excess calcium is
deposited in the blood vessels. However, there is
no evidence of adverse effects with serum
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25-hydroxyvitamin D concentrations as high as
140 nmol I, which would require a total vitamin
supply of 10,000 TU per day'®? (over 12 times the
dose recommended for osteoporosis prevention).
Although, in one of the studies reviewed here,
three women receiving vitamin Ds developed
hypercalcaemia, this resulted in one case from
recent myeloma, and in the other cases from
hyperparathyroidism.'®® None of the studies
suggested that the combined calcium/vitamin Dy
therapy was responsible for any adverse effects in
the study participants (for details, see

Appendix 10, Table 174).

Calcium plus vitamin D: continuance and
compliance

Only two studies specifically commented on
continuance in women receiving calcium plus
vitamin Ds. In one of these,'% 73% of those who
received a combined formulation and 71% of
those who received the two components separately
completed the 2-year study protocol. In this study,
because of the age of the participants, most
withdrawals were due to death. In the other study,
which was carried out in a similarly elderly
population, only 54% in the treatment and
placebo arms completed 18 months of the 3-year
study.!%

165,166

Only one study'®® commented specifically on

compliance with medication. This was high, with a
mean compliance of more than 95% in each
group, because, to ensure compliance, the study
medication was taken in the presence of a nurse.
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TABLE 46 Calcitriol in postmenopausal osteoporosis or osteopenia: comparisons with active treatment

No. of subjects suffering
fracture

Study Comparator Type of fracture Calcitriol Comparator RR of fracture
(95% ClI):
Calcitriol vs
comparator
Arthur, 1990'¢? Vitamin D, Vertebral 0/4 0/6 Not calculable
Non-vertebral 0/4 0/4 Not calculable
Falch, 1987'7° Vitamin D, Vertebral 10/32 6/30 1.56 (0.65 to 3.77)
Non-vertebral Not stated. There was said Not calculable
to be no significant
difference between the two
different treatment groups
Tilyard, 1992'¢° Calcium Vertebral:
I study year 14/262 17/253 0.80 (0.40 to 1.58)
2" study year 14/236 30/240 0.47 (0.26 to 0.87)
3" study year 12/213 44/219 0.28 (0.15 to 0.52)
Combined data for
the 3-year study
period were not
available
Non-vertebral 11/314 22/308 0.49 (0.24 t0 0.99)
Caniggia, 19843 Oestradiol valerate Vertebral 0/5 1/5 0.33 (0.02 to 6.65)
Caniggia, 1984°3 Calcitriol + oestradiol Vertebral 0/5 /7 0.44 (0.02 to 9.11)

valerate

Calcitriol

Quantity and quality of research available:
calcitriol in postmenopausal osteoporosis or
osteopenia

Although three vitamin D derivatives (alfacalcidol,
calcitriol and dihydrotachysterol) have been
studied in postmenopausal osteoporosis or
osteopenia, only calcitriol [1,25(OH)sDs] is
licensed for this purpose in the UK, and therefore
only studies using this intervention will be
reviewed here. The licensed dose for severe
osteoporosis is 250 ng (0.25 ug) twice daily.

Eight RCTs?387160.168-172 yere jdentified that
compared calcitriol with another intervention or
comparator reviewed in this report, and that
reported fracture outcomes. Four of these
studies®® 160169170172 compared calcitriol with
another active intervention: vitamin Dy,'% vitamin
Ds,'70 calcium'® and HRT®® (for details see
Appendix 10, Table 175). Five studies compared
calcitriol with placebo®87-171172 o ng
treatment.'%®

Seven studies were carried out in women with
severe osteoporosis,?387:160:168170-172 T e
remaining study'® was carried out in women with

osteopenia, 0SteOpOrosis Or severe 0steoporosis;
40% had vertebral compression fractures at study
entry (see Appendix 10, Table 176).

The dose of calcitriol used in these studies ranged
from 0.25 to 1 pg per day (for details, see
Appendix 10, Table 175), comparable to the
licensed dose of 0.5 pug per day in a divided dose.
With one exception,160 all the studies were small
or extremely small. Many failed to report
adequately concealed randomisation, and some
did not state that the outcome assessors were
blinded to treatment allocation (for details, see
Appendix 10, Table 177).

Assessment of effectiveness: calcitriol in
postmenopausal osteoporosis or osteopenia
Comparisons with active interventions

Only one study that compared calcitriol with
another active treatment!%” was large enough to
yield statistically significant results. This study
indicated that, after the first year of treatment,
calcitriol was more effective than calcium in
reducing the risk of vertebral fracture; it also
appeared to reduce the risk of non-vertebral
fracture (Table 46).
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TABLE 47 Calcitriol in severe postmenopausal osteoporosis: vertebral fracture data

Study Calcitriol dose Fracture
definition
Aloia, 198868 0.5-2.0 pg per day Not stated
taken in a divided
dose twice a day
(mean dose 0.8 pg
per day)
Caniggia, 1984°3 0.5 pg per day Not stated
Gallagher, 1989%7 0.5-1.0 g per day 15%
taken in a divided
dose twice a day
Gallagher, 1990'7"  0.5-2.0 g per day 15%
Ott, 1989'72 0.5-2.0 ug per day 15%
(mean dose 0.53 pg
per day)”

9 Gallagher GC (personal communication).
b Ott SM (personal communication).

Comparisons with placebo or no treatment
Vertebral fracture

Individually, none of the studies that compared
calcitriol with placebo or no treatment
demonstrated that it offered protection against
vertebral fracture (7able 47). When the results of
those studies that provided data in usable form
were pooled, they yielded a relative risk of
vertebral fracture of 1.02 (95% CI 0.44 to 2.32) in
women receiving calcitriol compared with controls,
again suggesting that calcitriol conferred no
antifracture benefit in severe postmenopausal
osteoporosis (Figure 23). However, it should be
noted that all of the studies included in the meta-
analysis were very small, so that even when pooled
there were fewer than 60 subjects in each arm.
Moreover, none of the relevant studies stated that
they used a 20% fracture definition. The result
therefore cannot be regarded as secure, especially
when compared with evidence that calcitriol is
more effective than calcium in reducing the risk of
vertebral fracture.

Non-vertebral fracture

Only one study!”® presented data relating to non-
vertebral fracture. This failed to demonstrate any
benefit from calcitriol treatment: five out of
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No. of women in each group suffering vertebral
fracture

Calcitriol: 3/12
Placebo: 5/15
RR 0.75 (95% CI 0.22 to 2.52)

Calcitriol: 0/5
Placebo: 2/5
RR 0.20 (95% CI1 0.01 to 3.35)

There were |5 fractures in the calcitriol group and
32 in the placebo group. Data on the number of
women suffering fractures were not published and, as
the original data are no longer available,? it was not
possible to calculate the RR of fracture

Calcitriol: 8

Placebo: 9

As the denominator was not clear, and the original
data are no longer available,” it was not possible to
calculate the RR of fracture

Calcitriol: 9/35
Placebo: 6/37
RR 1.59 (95% CI 0.63 to 3.99)

43 women in the calcitriol group and two out of
43 women in the placebo group suftered
non-vertebral fracture, a relative risk of non-
vertebral fracture of 2.50 (95% CI 0.51 to 12.19)
in women receiving calcitriol compared with
placebo.

Quantity and quality of research available:
calcitriol in postmenopausal women not selected
for low BMD

One RCT%® was identified that studied calcitriol in
elderly women with normal femoral neck BMD for
their age (Z-scores +2.0 to —2.0), and that
reported fracture outcomes. Calcitriol alone was
compared with HRT alone, combination calcitriol
and HRT therapy, and placebo (for details, see
Appendix 10, Tables 178-180). At baseline, 28% of
participants had a spinal T-score below -2.5, and a
further 27% between —1.5 and -2.4; however, as
not all participants had osteoporosis or
osteopenia, this study is discussed here rather than
in the two sections immediately above.

As reported, this study appeared to be of
reasonable quality; however, it failed to provide
evidence of adequately concealed randomisation
(see Appendix 10, Table 180).
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Comparison: 0l Severe osteoporosis — vertebral fracture

Outcome: 01 Vertebral fracture
Calcitriol Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Aloia, 1988'8 3/12 5/15 —a— 36.7 0.75(0.22 to 2.52)
Caniggia, 1984%3 0/5 2/5 - 8.2 0.20 (0.01 to 3.35)
Ott, 1989'72 9/35 6/37 —{— 55.1 1.59 (0.63 to 3.99)
Total (95% Cl) 12/52 13/57 i 100.0 1.02 (0.44 to 2.32)
Test for heterogeneity 2 = 2.40,df = 2,p = 0.3
Test for overall effect z = 0.04, p = |
0.1 02 | 510
Favours treatment  Favours control
FIGURE 23 Calcitriol: vertebral fracture in severe postmenopausal osteoporosis
TABLE 48 Relative risk of fracture: calcitriol versus placebo
Group Vertebral All non-vertebral Hip fracture  Wrist fracture Other non-
fracture fracture vertebral fracture
Women with severe 1.02 2.50 No data No data No data
osteoporosis (0.44 to 2.32)° (0.51 to 12.19)°
Women with severe No data No data No data No data No data
osteoporosis or
osteoporosis
Women with No data No data No data No data No data
osteopenia
Elderly women not 4.44 0.46 No data No data No data
selected for low BMD  (0.50 to 39.03)° (0.17 to 1.27)°

Data are shown as RR (95% ClI).

“ Based on data from Aloia et al. (1988),'®® Caniggia et al. (1984)°3 and Ott and Chesnut (1989).'7?

b Based on data from Ott and Chesnut (1989).'72
¢ Based on data from Gallagher et al. (2001).%8

Assessment of effectiveness: calcitriol in
postmenopausal women not selected for low
BMD

Vertebral fracture

In the one relevant trial,®® which used a 20%
fracture definition, calcitriol was not demonstrated
to be more effective than placebo in reducing the
risk of vertebral fracture (RR 4.44, 95% CI 0.50 to
39.03). There was no statistically significant
difterence between calcitriol and either HRT alone
or HRT plus calcitriol (RR of vertebral fracture in
women receiving calcitriol alone 1.98, 95% CI 0.37
to 10.57, and 1.84, 95% CI 0.36 to 10.36,
respectively), or in women receiving combination
therapy with calcitriol and HRT compared with
placebo (RR 2.29, 95% CI 0.21 to 24.82).

Non-vertebral fracture

Again, there was no statistically significant
difference between calcitriol and either HRT alone
or HRT plus calcitriol in relation to non-vertebral
fracture: five out of 101 women in the calcitriol
group, 12 out of 101 in the HRT group, eight out
of 102 in the combined treatment group and 12 out
of 112 in the placebo group experienced at least
one non-vertebral fracture (Gallagher JC: personal
communication), giving a relative risk of fracture in
the calcitriol group of 0.46 (95% CI 0.17 to 1.27)
relative to placebo, 0.42 (95% CI 0.15 to 1.14)
relative to HRT and 0.63 (95% CI 0.21 to 1.86)
relative to combined treatment. Combined therapy
was not demonstrated to reduce the risk of fracture
relative to placebo (RR 0.73, 95% CI 0.31 to 1.72).
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Calcitriol in postmenopausal osteoporosis and
osteopenia, and in postmenopausal women not
selected for low BMD: summary

Although calcitriol has been shown to reduce the
risk of vertebral and non-vertebral fracture relative
to calcium in women with severe osteoporosis,
there is no evidence that it reduces the risk of
either vertebral or non-vertebral fracture relative
to placebo or no treatment either in women with
severe osteoporosis or in elderly women not
selected for low BMD (Table 48). However, as the
studies involved are all very small, it seems
plausible that an adequately powered trial might
demonstrate antifracture benefit.

Calcitriol: side-effects

Although calcitriol can cause hypercalcaemia, at
the recommended dosages this is generally mild
and responds to reductions in dosage.!®> Several
of the studies reviewed in this report stated that
calcitriol was associated with hypercalciuria or
hypercalcaemia in all or most of the intervention
group 0816917172 (f51 details, see Appendix 10,
Table 181). In most cases this was not sufficiently
serious to lead to withdrawal, but in one study'®"
two withdrawals from the calcitriol group were due
to persistently elevated serum calcium. In another
study,!”” it was necessary to halve the initial
calcitriol dose of 0.50 png per day in 28% of the
calcitriol group because total serum calcium
exceeded 2.65 mmol I"!. Investigators in one study
telt that hypercalciuria could have been avoided
by parenteral calcitriol administration.'®®

Because calcitriol has a narrow therapeutic
window, its use must be adequately supervised,
with periodic monitoring of serum calcium and
creatinine levels, to avoid renal toxicity.'?®

In one study,'®” 4% of women withdrew from the
calcitriol arm because of gastrointestinal
symptoms.

Calcitriol: continuance and compliance

In the studies reviewed in this section, the
percentage of subjects receiving calcitriol who
completed the protocol ranged from 71%'% to
91%!'7 at 2 years and 83% at 3 years.”® No study
reported compliance in terms of the proportion of
medication taken by study completers.

HRT

Quantity and quality of research available: HRT
in postmenopausal osteoporosis and osteopenia
Ten RCTP0:0253.65,72,118,122,125,173,174 oo identified
that compared HRT with another intervention or
comparator reviewed in this report, and that
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reported fracture outcomes. One of these studies®
compared HRT with alendronate, either alone or
plus HRT. Three studies''®!?*12> compared HRT
with etidronate alone, and one'#® also with

HRT plus etidronate. A fifth study>® compared
HRT with calcitriol, either alone or with HRT. Six
studies compared HRT with placebo,?%-%%3. 72173174
and four®118122.125 yith no treatment (for details,
see Appendix 10, Table 182).

Five studies were carried out in women with severe
osteoporosis,53’65’118’125’173 three in women with
severe osteoporosis, osteoporosis or
ostf:op(erli21,50’l22’174 and two in women with
osteoporosis or osteopenia®®7? (for details, see
Appendix 10, Table 183).

In two studies,”*!7* some or all participants
received a dose of oestrogen lower than that
currently recommended for the treatment of
0Steoporosis.

In the majority of studies, some or all subjects
received supplementary calcium. Some studies
gave all participants supplementary calcium at a
dose of 500 mg per day®® or 1000°*12212% ;g
per day. Others evaluated participants’ dietary
intakes, and supplied calcium supplements to
bring their total daily intake up to either
1000 mg”® or 1500 mg.%® In another study,
women whose daily calcium intake did not reach
1200-1500 mg were given a supplementary

500 mg per day, while in a fourth study'”® women
whose calcium intake was estimated to be less than
800 mg per day were instructed to maintain a diet
providing that amount. Only two studies’®!® did
not state that the subjects received supplementary
calcium.

174

In one study,'?’ all subjects were also given 400 U

per day vitamin Ds.

As reported, few of the studies provided evidence
of appropriately masked randomisation or of
blinded outcome assessment. In five
studies,?-05-118,122,174 inadequate information was
provided to ensure confidence in the
comparability of the groups at study entry (see

Appendix 10, Table 184).

Assessment of effectiveness of HRT in
postmenopausal osteoporosis and osteopenia
Comparisons with active interventions

None of the direct comparisons between HRT and
other active interventions demonstrated a
statistically significant difference in terms of
fracture prevention (Table 49).
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TABLE 49 HRT in postmenopausal osteoporosis or osteopenia: comparisons with active treatment

No. of subjects suffering

fracture
Study Comparator Type of fracture HRT Comparator  RR of fracture
(95% CI): HRT vs
comparator
Arthur, 1990'¢? Vitamin D, Vertebral 0/4 0/6 Not calculable
Non-vertebral 0/4 0/4 Not calculable
Bone, 2000°2 Alendronate All clinical fractures  10/143 5/92 1.29 (0.45 to 3.64)
(10 mg per day)
Bone, 2000°2 Alendronate All clinical fractures 10/143 8/140 1.22 (0.50 to 3.01)

(10 mg per day) plus
CEE (0.625 mg per day)

Ishida, 2001"''8 Etidronate Vertebral + 10% 3% Not calculable
non-vertebral

Pacifici, 1988'% Etidronate Vertebral Incidence said to be Not calculable
‘almost identical’ in both
groups. Total vertebral
height loss was significantly
lower in the hormone-
treated group (7.5 * 4.4%)
than in the etidronate group
(13.6 = 10.6%) (p < 0.05)

Wimalawansa, 1998'%  Etidronate Vertebral Only gives numbers of Not calculable
fractures; these were too
few for the differences
between the groups to be
statistically significant
Non-vertebral Only gives numbers of Not calculable
fractures; these were too
few for the differences
between the groups to
be statistically significant

Wimalawansa, 1998'%  Etidronate + HRT Vertebral Only gives numbers of Not calculable
fractures; these were too
few for the differences
between the groups
to be statistically significant
Non-vertebral Only gives numbers of Not calculable
fractures; these were too
few for the differences
between the groups
to be statistically significant

Caniggia, 1984°3 Calcitriol Vertebral 1/5 0/5 3.00 (0.15 to 59.89)

Caniggia, 19843 Calcitriol + Vertebral 1/5 1/7 1.40 (0.11 to 17.45)
oestradiol valerate

Comparisons with placebo or no treatment osteoporosis. In both cases, the confidence
Vertebral fracture intervals cross unity. Ideally, the results of the two
Although the majority of studies that compared studies should not be pooled, as they use different
HRT with placebo or no treatment reported fracture definitions. However, if pooled, they still
vertebral fracture outcomes, only two®*!™® did so fail to achieve statistical significance: the relative
in a form that permitted the analysis of relative risk of vertebral fracture, in women with severe
risks (Table 50). Both studies used transdermal 0steoporosis, osteoporosis or osteopenia receiving

oestradiol, in one case'” at a higher dose than is HRT, is 0.71 (95% CI 0.24 to 2.12) compared with
currently licensed in the UK for the treatment of placebo (Figure 24).
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TABLE 50 HRT in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: vertebral fracture data

Study HRT dose Fracture No. of women in each group

definition suffering vertebral fracture

Alexandersen, 1999°°  Combined continuous HRT 20% HRT: 1/17

(transdermal 17B-estradiol Placebo: 0/19

50 pg per day + oral NETA RR 3.33 (95% CI 0.14 to 76.76)

| mg per day)

Bone, 2000°2 CEE 0.625 mg per day NA Pooled clinical fracture data only reported;
most of these fractures were said to be
non-vertebral

Caniggia, 19843 Oestradiol valerate 2 mg Not given There was one vertebral fracture in the

per day HRT group and two in the placebo group.
The number of women suffering fractures
was not stated

Ishida, 2001''8 Conjugated oestrogen 0.625 mg  Not given Only gives data relating to combined

per day + medroxyprogesterone vertebral and non-vertebral fractures.

2.5 mg per day Fracture incidence was said to be 10% in
the untreated group and 0% in the HRT
group

Lindsay, 1990% CEE 0.625 mg per day plus, Not given No data

for women with an intact uterus,

cyclic MPA (5 or 10 mg per day

for 12—14 days per calendar

month)

Lufkin, 1992'73 Transdermal estradiol 0. mg 15% HRT: 7/34

Pacifici, 1988'%

per day for days 1-21, plus oral
MPA 10 mg per day for
days | 1-21, of a 28-day cycle

Conjugated oestrogens 0.625 mg
per day orally for 25 days

Compression
fractures 15%,

Placebo: 12/34
RR 0.58 (95% CI 0.26 to 1.30)

Incidence said to be ‘almost identical’ in
both groups. Total vertebral height loss was

per month, plus MPA 10 mg wedging and significantly lower in the hormone-treated
per day orally from biconcave group (7.5 = 4.4%) than in the placebo
days 15-25 each month fractures 20% group (20.8 = 20.2%) (p < 0.05)

Recker, 199972 CEE (0.3 mg per day) plus Method of There were three incident fractures in the
medroxyprogesterone (2.5 mg Davies et al.'”>  HRT group and four in the placebo group;
per day) the number of women suffering those

fractures was not stated

Wimalawansa, 1998'> Premarin 0.625 mg per day + 20% There were two incident fractures in
norgestrel 150 wg for 12 days subjects taking HRT alone and five in the
per month control group; the number of women

suffering those fractures was not stated

Zarcone, 1997'74 CEE (0.15, 0.3 or 0.625 mg Not given 10% of women taking 0.15 or 0.3 mg

per day) plus progestogen
(unspecified dose)

NETA, norethisterone acetate; MPA, medroxy progesterone acetate.

oestrogen daily, and 3.3% of those taking
0.625 mg, suffered incident vertebral
fractures, compared with 16.7% of women
in the placebo group

Non-vertebral fracture

The majority of studies that compared HRT with
placebo or no treatment reported non-vertebral
fracture outcomes, but again few did so in a
form that permitted the analysis of relative

risks. In all those for which relative risks

could be calculated, the confidence intervals

crossed unity (Table 51). However, in one of these
studies,’? some or all participants received a
dose of oestrogen lower than that currently
recommended for the treatment of osteoporosis.

Pooling of results from those studies that provided
usable data yielded a relative risk of non-vertebral
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Comparison: 02 Severe osteoporosis, oesteoporosis or osteopenia

Test for heterogeneity x> = 1.13,df = I,p = 0.29
Test for overall effect z = -0.61,p = 0.5

Outcome: 01 Vertebral fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Lufkin, 1992'73 7/34 12/34 0.58 (0.26 to 1.30)
Alexandersen, 1999 1117 0/19 - .3 3.33(0.14 to 76.76)
Total (95% Cl) 8/51 12/53 100.0 0.71 (0.24 t0 2.22)

0.1

0.2
Favours treatment

5 10
Favours control

_.__ 88.7
e —
I

FIGURE 24 HRT: vertebral fracture in severe postmenopausal osteoporosis, osteoporosis or osteopenia

TABLE 51 HRT in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment: non-vertebral fracture data

Study

Alexandersen, 1999°°

Bone, 20002

Ishida, 2001''®

Lindsay, 1990%

Recker, 199972

Wimalawansa, 1998'%

Zarcone, 1997'74

Dose

Combined continuous HRT
(transdermal |7 B-estradiol

50 g per day + oral NETA | mg
per day)

CEE 0.625 mg per day

Conjugated oestrogen 0.625 mg
per day + medroxyprogesterone
2.5 mg per day

CEE 0.625 mg per day plus, for
women with an intact uterus,
cyclic MPA (5 or 10 mg per day
for 12-14 days per calendar
month)

CEE (0.3 mg per day) plus
medroxyprogesterone (2.5 mg
per day)

Premarin 0.625 mg per day +
norgestrel 150 g for 12 days
per month

CEE (0.15, 0.3 or 0.625 mg
per day) plus progestogen
(unspecified dose)

? Data from Torgerson and Bell-Syer (2001).'7¢

No. of women in each group suffering non-vertebral
fracture

HRT: 1/26

Placebo: 3/24

RR0.31 (95% CI 0.03 to 2.76)

The fractures were mainly of clear traumatic origin

Clinical fractures (mainly non-vertebral, generally resulting
from trauma):

HRT: 10/143

Placebo: 4/50

RR 0.87 (95% CI 0.29 to 2.66)

Only gives data relating to combined vertebral and
non-vertebral fractures. Fracture incidence in the untreated
group was said to be 10%, and 0% in the HRT group

HRT: 1/25
Control: 2/25°
RR 0.50 (95% CI 0.05 to 5.17)

HRT: 7/64
Placebo: 6/64°
RR I.17 (95% CI 0.41 to 3.28)

HRT: I/18
Control: /18
RR 1.00 (95% CI 0.07 to 14.79)

Brief reference is made to treatment being associated with
‘a notable reduction’ in fractured neck of femur, but no
figures are given
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Comparison: 03 Severe osteoporosis — non-vertebral fracture
Outcome: 01 Non-vertebral fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Lindsay, 1990%° 1/25 2/25 B | 57.1 0.50 (0.05 to 5.17)
Wimalawansa, 1998'% 1/18 1/18 42.9 1.00 (0.07 to 14.79)
Total (95% Cl) 2/43 3/43 100.0 0.67 (0.12 t0 3.93)
Test for heterogeneity x2 = 0.15,df = |,p = 0.7
Test for overall effect z = -0.44, p = 0.7
0l 02 '| 510
Favours treatment  Favours control
FIGURE 25 HRT: non-vertebral fracture in severe postmenopausal osteoporosis
Comparison: 04 Severe osteoporosis, osteoporosis or osteopaenia — non-vertebral fracture
Outcome: 01 Non-vertebral fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Lindsay, 1990 1/25 2/25 = | 12.5 0.50 (0.05 t0 5.17)
Recker, 1999”2 7/64 6/64 63.9 1.17 (0.41 to 3.28)
Wimalawansa, 1998'% 1/18 1/18 9.4 1.00 (0.07 to 14.79)
Alexandersen, 1999 1126 3/24 B 14.2 0.31 (0.03 to 2.76)
Total (95% Cl) 10/133 12/131 ———— 100.0 0.86 (0.37 to 1.96)
Test for heterogeneity x2 = |.41,df = 3,p = 0.7
Test for overall effect z = -0.37,p = 0.7
01 02 | 510
Favours treatment  Favours control

FIGURE 26 HRT: non-vertebral fracture in severe postmenopausal osteoporosis, osteoporosis or osteopenia

fracture associated with HRT of 0.67 (95% CI 0.12
to 3.93) in women with severe osteoporosis

(Figure 25) and of 0.86 (95% CI 0.37 to 1.96) in
women with severe osteoporosis, osteoporosis or
osteopenia, compared with controls (Figure 26).
Thus, HRT has not been demonstrated to reduce
the risk of non-vertebral fracture in women with
low BMD.

Quantity and quality of research available: HRT
in postmenopausal women not selected for low
BMD

Nineteen RCTs19-55:57-59,64,69,71,75,84,85,88-91,162,177-180
were identified that studied the use of HRT in
women with normal or undifferentiated BMD, and
that reported fracture outcomes.

A twentieth study'?” compared 2.5 g per day
percutaneous 178-Ey, plus 200 mg per day oral
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micronised progesterone for 12 days a month,
with placebo, etidronate and HRT plus etidronate
in early postmenopausal women with normal
BMD. This did not report fracture data, and
although a meta-analysis'*’ that included this
study indicated that such data were collected, they
could not be obtained for use in this review.

Tiwo additional RCTs*"%2 were identified that
reported data relating to quality of life in healthy
postmenopausal women who did not have
menopausal symptoms that required therapy. One
of these studies” compared oestrogen with both
raloxifene and placebo; the other?’ compared
continuous combined HRT with raloxifene (for
details, see Appendix 10, Tables 185 and 186).
Both studies measured quality of life using the
Women’s Health Questionnaire. The Heart and

Estrogen/Progestin Replacement Study (HERS) 67
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also reported quality of life outcomes as measured
by the Duke Activity Status Index, the RAND
energy/fatigue scale and Mental Health Inventory,
and the Burnam depression screening scale.'®!

Four of the fracture studies compared HRT with
other interventions. The EPIC study’! compared
HRT with various doses of alendronate. Another
study compared HRT with calcium, vitamin Dy
and calcium, and HRT plus vitamin D3,162 a third
with calcitriol and with HRT plus calcitriol,® and a
fourth with exercise and with HRT plus exercise.®
A fifth study®® compared unopposed oestrogen
with oestrogen plus medroxyprogesterone. Fifteen
studies compared HRT with
placebo?9:55:57-59.6469.71.75.85.8889.9L177.178.180 51

another two with no treatment.?*!7?
Three studies®* %% were carried out in
postmenopausal women with health problems:
one in women with mild primary
hyperparathyroidism,* another in women with
Alzheimer’s disease,? and the third in women
recruited from patients at a hospital for chronic
diseases, who were less physically active than the
general population.”

The majority of studies used oestrogen in current
licensed doses. However, one of the older studies™
used an oestrogen dose considerably higher than
is currently considered appropriate. This was
deliberately chosen to make the results as clear as
possible; it was not known at that time that many
of the complications of oestrogen therapy were
dose related.” Another early study*’ used a
synthetic oestrogen (mestranol) not currently
recommended for use in the prevention of
postmenopausal osteoporosis.

Several studies that reported fracture data had
primary end-points related to CHD rather than to
osteoporosis. 51178180 The use of data from such
studies, and indeed of any studies that recruit
women without known osteoporosis, in meta-
analyses of treatments for osteoporosis has been
criticised on the grounds that some interventions
appear to reduce the risk of vertebral fracture only
in women with osteoporosis.'® However, this is an
argument only for analysing the data relating to
women without known osteoporosis or osteopenia
separately from the data relating to osteoporotic
women, as is done here. It is important to
examine the effects of the various interventions for
osteoporosis on postmenopausal women who are
unselected for low BMD or osteoporotic fracture,
especially when, as is the case with HR', those
interventions may be recommended to

postmenopausal women on the basis of a package
of alleged benefits, including the prevention of
0steoporosis.

As reported, the quality of the studies of HRT for
the prevention of osteoporosis was varied (see
Appendix 10, Table 187). Many failed to
demonstrate the use of a method of randomisation
that would prevent the introduction of bias, and
some did not state that the outcome assessors were
blinded to treatment allocation. However, the
largest studies' "% were of high quality.

Assessment of effectiveness of HRT in
postmenopausal women not selected for low
BMD

Comparisons with active treatment

Fracture data from the studies that compare HRT
with another active intervention are summarised
in Table 52. In relation to the EPIC study,
oestrogen is compared only with the 5-mg dose of
alendronate that is licensed for the prevention of
postmenopausal osteoporosis. As may be seen, the
confidence intervals cross unity in all cases except
for one: HRT appears to reduce the risk of non-
vertebral fracture relative to calcium (RR 0.40,
95% CI 0.16 to 0.99).

Comparisons with placebo or no treatment
Vertebral fracture

Only seven studies that compared HRT with
placebo or no treatment provided vertebral
fracture data: the results of these studies are
summarised in 7able 53. Only the largest of these
studies'®” produced a statistically significant result,
indicating that HRT reduces the risk of vertebral
fracture relative to placebo in postmenopausal
women not selected for low BMD (RR 0.65, 95%
CI 0.44 to 0.97).

Data from those studies that reported
radiographic vertebral fractures and those which
only reported clinical fractures have been meta-
analysed separately. Only two studies®®!7"
provided data on radiographic fracture in a form
that could be used to calculate a relative risk;
although the mean age of participants in one
study® was over 20 years older than in the
other,'”? they produced similar point estimates,
both indicating a higher risk of fracture in the
HRT group (7able 52), but in both cases the
confidence intervals cross unity, and continue to
do so even when the data are pooled (RR of
radiographic fracture in women receiving opposed
or unopposed oestrogens compared with controls
2.05; 95% CI 0.71 to 5.97) (Figure 27).
Meta-analysis of the results of those studies that
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TABLE 52 HRT in postmenopausal women not selected for low BMD: comparisons with active treatment

No. of subjects suffering

fracture
Study Comparator Type of fracture HRT Comparator  RR of fracture
(95% CI): HRT vs
comparator
EPIC study” Alendronate 5 mg” Clinical vertebral o/110 3/333 0.43 (0.02 to 8.26)
All non-vertebral 6/110 23/333 0.79 (0.33 to 1.89)
Hip o/110 0/333 Not calculable
Wrist 0/110 2/333 0.60 (0.03 to 12.44)
Other non-vertebral  5/110 22/333 0.69 (0.27 to 1.77)
Komulainen, 1998'¢2  Calcium Non-vertebral 6/116 15/116 0.40 (0.16 to 0.99)
Hip o/116 2/116 0.20 (0.01 to 4.12)
Komulainen, 1998'%2  Calcium + vitamin D;  Non-vertebral 6/116 I/116 0.55 (0.21 to 1.43)
Hip o/116 1/116 0.33 (0.0 to 8.10)
Komulainen, 1998'¢2  HRT + vitamin D; Non-vertebral 6/116 7/116 0.86 (0.30 to 2.47)
Hip o/116 o/11é Not calculable
Gallagher, 2001¢ Calcitriol Vertebral 2/100 4/101 0.51 (0.09 to 2.70)
Non-vertebral 12/101 5/101 2.40 (0.88 to 6.56)
Gallagher, 2001°¢ HRT + calcitriol Vertebral 2/100 2/98 0.98 (0.14 to 6.82)
Non-vertebral 12/101 8/102 I.51 (0.65 to 3.55)
Cheng, 20009 Exercise Vertebral and 0 0 Not calculable
non-vertebral
Cheng, 20009 HRT + exercise Vertebral and 0 0 Not calculable

non-vertebral

9 Data from Hosking D] (personal communication).

b For comparability with HRT, the 4-year results are reported here.

¢ Data from Gallagher JC (personal communication).
9 Data from Cheng S (personal communication).

report only clinical fractures’"17%180 suggests a

reduction in relative risk in women receiving
oestrogen of 0.66 (95% CI 0.47 to 0.93)
(Figure 28).

Meta-analysis of the results for all studies that
provide usable data relating to vertebral fracture,
whether clinical or radiographic, did not seem
appropriate, given the disparity in the results of
the separate analyses.

Non-vertebral fracture
Eighteen studies presented data relating to non-
vertebral fractures (Table 54).

It did not seem appropriate to pool the data from
all of the studies that provided usable data. One
study®” was undertaken in a population (elderly
women with Alzheimer’s disease) so different from
the others that its inclusion did not seem
appropriate for that reason. A second study*’ used
a synthetic oestrogen no longer recommended for
the prevention of postmenopausal osteoporosis. A

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

third” used a dose of oestrogen four times
higher than is now considered appropriate for
HRT; in addition, it is not clear whether it
reported only non-vertebral fractures or all
clinical fractures. These three studies were
therefore excluded from the meta-analysis. Pooling
of all the remaining data indicated a relative risk
of non-vertebral fracture of 0.86 (95% CI 0.72 to
1.02) in women taking HRT relative to controls;
as can be seen, the confidence intervals cross
unity (Figure 29).

Hip fracture
Five studies provided data relating to hip fracture
(Table 55).

The pooled data relating to hip fracture (RR 0.74,
95% CI 0.53 to 1.03) failed to achieve statistical
significance (Figure 30).

Wrist fracture
Four studies provided data relating to wrist
fracture (Table 56).
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TABLE 53 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: vertebral fracture

data

Study

Cauley, 2001'78

Cheng, 2000%°

EPIC study’'

Gallagher, 20018

Mosekilde, 2000'7°

Orr-Walker, 2000°

WHI, trial'8

HRT dose

CEE 0.625 mg per day plus
MPA 2.5 mg per day

Combined estradionoretisteron
acetate

Open-label oestrogen—progestin
(in USA, 0.625 mg per day

CEE + 5 mg per day MPA; in
Europe, 2 mg per day

|7 B-estradiol for 22 days,

| mg per day NETA on

days 13-22 and | mg per day
estradiol on days 23-28)

HRT (CEE 0.625 mg per day plus,
in non-hysterectomised women,
MPA 2.5 mg per day)

Oral sequential HRT (estradiol

| mg per day days 1-6, 2 mg
per day days 7-28, plus
norethisteron | mg per day

on days 19-28) or, for
hysterectomised women,
estradiol 2 mg per day
continuously (alternative
formulations available for women
suffering side-effects)

Continuous combined HRT
(CEE 0.625 mg per day plus, for
unhysterectomised women, MPA)

CEE (0.625 mg per day) plus
MPA (2.5 mg per day)

9 Cheng S (personal communication).
b Hosking DJ (personal communication).

The pooled data relating to wrist fracture (RR
0.95, 95% CI 0.58 to 1.53) again failed to achieve
statistical significance (Figure 31).

Other non-vertebral fractures

The pooled data relating to hip fracture non-hip,
non-wrist non-vertebral fractures (RR 0.67, 95%
CI 0.32 to 1.43) also failed to achieve statistical
significance (Figure 32). However, although the
Women’s Health Initiative WHI trial'® did not
demonstrate that HRT offered protection against
hip fracture, it indicated that it offered protection
against non-hip, non-vertebral fractures (RR
versus placebo 0.79, 95% CI 0.71 to 0.87).

Fracture
definition

Clinical only

Not stated

Clinical only

20%

20%

20%

Clinical only

No. of women in each group suffering
vertebral fracture

Clinical fracture only:

HRT: 13/1380

Placebo: 19/1383

RR 0.69 (95% CI 0.34 to 1.38)

No woman in any group suffered vertebral
fracture’

Clinical vertebral fractures at 4 years (the
point at which the HRT arm discontinued
treatment):

HRT: 0/110

Placebo: 3/502°

RR 0.35 (95% CI1 0.02 to 6.14)

HRT: 2/100
Placebo: 1/112
RR 2.24 (95% Cl 0.21 to 24.33)

HRT: 8/502
Control: 4/504
RR 2.01 (95% Cl 0.61 to 6.63)

There were no vertebral fractures in either
group

HRT: 41/8506
Placebo: 60/8102
RR 0.65 (95% CI 0.44 to 0.97)

Quality of life

Only three studies reported quality of life data.
HERS found that HRT was associated with
improved mental health and a reduction in
depressive symptoms relative to placebo only in
those women who reported hot flushes at study
entry. Women without flushing at study entry who
were assigned to HRT had greater declines in
physical function and energy scores than those
receiving placebo. Thus, HRT appeared to
improve quality of life only for women with

menopausal symptoms.
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Comparison: 12 Non-osteoporotic women - radiographic vertebral fracture

0.1 02

Outcome: 01 Non-osteoporotic women - radiographic vertebral fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Gallagher, 2001 2/100 17112 B 20.0 224 (0.21 to 24.33)
Mosekilde, 2000 8/502 4/504 0 80.0 2.01 (0.61 to 6.63)
Total (95% CI) 10/602 5/616 —r—— 100.0 2.05(0.71 t0 5.97)
Test for heterogeneity x2 = 0.01,df = |, p = 0.94
Test for overall effectz = 1.32,p = 0.19

I 5 10

Favours treatment  Favours control

FIGURE 27 HRT: radiographic vertebral fracture in postmenopausal women not selected for low BMD

Comparison: |1 Non-osteoporotic women - clinical vertebral fracture
Outcome: 01 Non-osteoporotic women - clinical vertebral fracture
HRT Placebo RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)

Cauley, 2001'7® 13/1380 19/1383 —a—— 238 0.69 (0.34 to 1.38)

EPIC study”' o/110 3/502 - 1.3 0.65 (0.03 to 12.44)

WHI trial'® 41/8506 60/8102 —- 748 065 (0.44100.97)
Total (95% Cl) 54/9996 82/9987 - 100.0 0.66 (0.47 t0 0.93)
Test for heterogeneity XZ =0.02,df =2,p=0.99
Test for overall effect z = -2.39, p = 0.02

ol 02 | 510
Favours treatment  Favours control

FIGURE 28 HRT: clinical vertebral fracture in postmenopausal women not selected for low BMD

TABLE 54 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: non-vertebral

fracture data

Study Dose
Aitken, 1973% Mestranol 40 g per day
Bjarnason, 2000'77 |7 B-Estradiol (I or 2 mg per day)

sequentially combined with gestodene
(25 or 50 g on days |17-28 of a 28-day
cycle) in the following combinations:
1/25, 2/25, 2/50 17 3-Estradiol

(I mg per day) continuously combined
with gestodene (25 g per day)

Cauley, 2001'78 CEE 0.625 mg per day plus MPA
2.5 mg per day

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

No. of women in each group suffering non-
vertebral fracture

HRT: 0/68
Placebo: 2/66
RR vs placebo 0.19 (95% CI 0.01 to 3.97)

HRT: 4/112
Control: 1/41°
RR 1.46 (95% Cl 0.17 to 12.72)

HRT: 130/1380
Placebo: 138/1383¢
RR 0.94 (95% CI1 0.75 to 1.19)

continued
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TABLE 54 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: non-vertebral
fracture data (cont’d)

Study Dose No. of women in each group suffering non-
vertebral fracture

Cheng, 2000%° Combined estradionoretisteron acetate ~ According to Torgerson,'”® 1/40 women in the HRT
group and 1/40 in the control group suffered non-
vertebral fracture. However, according to Cheng
(personal communication) no women suffered fracture

Delmas, 2000 | 7B-Estradiol (I mg per day) plus HRT: 1/90
NETA (0.25 or 0.5 mg per day) Control: 2/45°
RR 0.25 (95% CI 0.02 to 2.68)
Eiken, 1997°7 Continuous HRT (2 mg per day Continuous HRT: 1/50
estradiol + | mg per day NETA); Sequential HRT: 0/50

sequential HRT (2 mg per day estradiol =~ Placebo/untreated: 6/51

for 12 days, followed by 2 mg per day RR, pooled HRT group vs placebo, 0.09 (95% CI 0.01 to
estradiol plus | mg per day NETA for 0.69)

10 days, followed by | mg per day

estradiol for 6 days)

EPIC study’' Open-label oestrogen—progestin (in USA, Data at 4 years:
0.625 mg per day CEE + 5 mg per day HRT: é/110
MPA; in Europe, 2 mg per day Placebo: 33/502°

| 7 3-estradiol for 22 days, | mg per day RR 0.83 (95% CI 0.36 to 1.93)
NETA on days 13-22 and | mg per day
estradiol on days 23-28)

Gallagher, 200158 HRT (CEE 0.625 mg per day plus, in HRT: 12/101
non-hysterectomised women, Placebo: 12/112¢
MPA 2.5 mg per day) RRI.11 (95% CI 0.52 to 2.36)
Genant, 1997°° CEE 0.3, 0.625 or 1.25 mg per day Pooled oestrogen groups: 3/303

Control: 2/102°
RR 0.50 (95% ClI 0.09 to 2.98)

Herrington, 200088 Unopposed CEE (0.625 mg per day); HRT: 7/100

CEE (0.625 mg per day) plus MPA Placebo: 16/105¢

(2.5 mg per day) RR 0.46 (95% CI 0.20 to 1.07)
Lees, 2001%* Cyclical estradiol-178 (I or 2 mg) Oestrogen | mg: 5/231

(days 1-28) and dydrogesterone Oestrogen 2 mg: 5/231

(5, 10 or 20 mg) (days 15-28) in the Placebo: 3/118
following combinations: 1/5, 1/10, 2/10, RR, pooled oestrogen group vs placebo, 0.85

2/20 (95% Cl 0.24 to 3.04)
Mosekilde, 2000'7° Oral sequential HRT (estradiol HRT: 29/502

| mg per days |-6, 2 mg per day Control: 41/504°

days 7-28, plus norethisteron RR0.71 (95% C1 0.45 to 1.12)

| mg per day on days 19-28) or,

for hysterectomised women,
estradiol 2 mg per day continuously
(alternative formulations available for
women suffering side-effects)

Mulnard, 2000%° CEE (0.625 and 1.25 mg per day) Pooled HRT groups: 1/81
Placebo: 0/39°
RR 1.46 (95% CI 0.06 to 35.13)

Nachtigall, 1979%° Conjugated oestrogen (2.5 mg per day) HRT: 0/84

plus cyclic MPA (10 mg per day for Control: 6/84

7 days per month) RR 0.08 (95% CI 0.00 to 1.34)
Orr-Walker, 2000%° Continuous combined HRT HRT: 2/21

(CEE 0.625 mg per day plus, for Placebo: 1/21

unhysterectomised women, MPA) RR 5.00 (95% CI 0.25 to 98.28)

continued
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TABLE 54 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: non-vertebral

fracture data (cont’d)

Study

PEPI trial®'

Weiss, 199975

WHI trial'®

Dose

CEE (0.625 mg per day)

CEE (0.625 mg per day) plus MPA

(10 mg per day for 12 days per month)
CEE (0.625 mg per day) plus MPA

(2.5 mg per day)

CEE (0.625 mg per day) plus
micronised progesterone

(200 mg per day for |12 days per month)

Transdermal estradiol (0.025, 0.05, 0.06
and 0.10 mg per day)

CEE (0.625 mg per day) plus MPA
(2.5 mg per day)

@ Data from Torgerson and Bell-Syer (2001).!76
b Hosking DJ (personal communication).

¢ Gallagher JC (personal communication).

9 Saylor G (personal communication).

¢ Vestegaard P (personal communication).

No. of women in each group suffering non-
vertebral fracture

HRT: 21/701
Placebo: 6/174°
RR 0.87 (95% CI 0.36 to 2.12)

There were no spontaneous fractures. Traumatic
fractures were as follows:

0.025 mg: 1/32

0.05 mg: 0/31

0.06 mg: 1/32

0.10 mg: 1/35

Placebo: 1/46

RR, pooled treatment groups vs placebo, 1.06 (95% CI
0.11 to 9.95)

Does not report total numbers of women suffering
non-vertebral fractures

Favours treatment

Comparison: 13 Non-osteoporotic women - non-vertebral fracture
Outcome: 01 Non-vertebral fracture
HRT Control RR Weight RR

Study n/N n/N (95% CI Random) % (95% CI Random)
Bjarnason, 200 47112 1/41 | . 0.7 1.46 (0.17 to 12.27)
Cauley, 2001'7® 130/1380 138/1282 60.8 0.94(0.75 to 1.19)
Delmas, 2000% 1/90 2/45 = 0.6 0.25 (0.02 to 2.68)
Eiken, 199757 [/100 33/502 ¢—— 0.7 0.08 (0.01 to 0.69)
EPIC study”' 6/110 12/112 —_—— 44 0.83 (0.36 to 1.93)
Gallagher, 2001 12/101 6/51 — 5.6 I.11(0.52 to 2.36)
Genant, 1997% 3/303 2/102 e 1.0 0.50 (0.09 to 2.98)
Herrington, 2000%8 7/100 16/105 — 44 0.46 (0.20 to 1.07)
Lees, 2001 10/462 3118 e — 1.9 0.85(0.24 t0 3.04)
Mosekilde, 20007 29/502 41/504 —a— 14.9 0.71 (0.45 to 1.12)
Orr-Walker, 2000%° 2/21 0/21 0.4 5.00 (0.25 to 98.28)
PEPI trial®! 21/701 6/174 —— 4.0 0.87 (0.36 to 2.12)
Weiss, 19997 3/130 1/46 0.6 1.06 (0.11 to 9.95)

Total (95% ClI) 229/4112 261/3204 <> 100.0 0.86 (0.72 to 1.02)

Test for heterogeneity x2 = 11.60, df = 12, p = 0.48

Test for overall effect z = -1.72, p = 0.09

o1 02 | 510

Favours control

FIGURE 29 HRT: non-vertebral fracture in postmenopausal women not selected for low BMD
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TABLE 55 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: hip fracture data

Study Dose No. of women in each group suffering hip fracture

Cauley, 2001'7® CEE 0.625 mg per day plus

MPA 2.5 mg per day

HRT: 14/1380

Placebo: 13/1383¢

RR 1.08 (95% CI1 0.51 to 2.29)
EPIC study’' Data at 4 years:

HRT: 0/110

Placebo: 1/502°

RR 1.51 (95% CI 0.06 to 36.84)

Open-label oestrogen—progestin

(in USA, 0.625 mg per day CEE +
5 mg per day MPA; in Europe, 2 mg
per day |7B-estradiol for 22 days,

| mg per day NETA on days 13-22
and | mg per day estradiol on

days 23-28)

Herrington, 200088 Unopposed CEE (0.625 mg per day); HRT: 1/100
CEE (0.625 mg per day) plus MPA Placebo: 1/105¢

(2.5 mg per day) RR 1.05 (95% CI 0.07 to 16.56)

Lees, 2001%* Cyclical 17B-estradiol (I or 2 mg) Oestrogen | mg: 0/231
(days 1-28) and dydrogesterone Oestrogen 2 mg: 0/231
(5, 10 or 20 mg) (days 15-28) in Placebo: 1/118
the following combinations: RR, pooled oestrogen group vs placebo, 0.09
1/5, 1710, 2/10, 2/20 (95% CI 0.00 to 2.09)
WHI trial' CEE (0.625 mg per day) plus HRT: 44/8506

MPA (2.5 mg per day) Placebo: 62/8102

RR 0.68 (95% Cl 0.46 to 0.99)

? Data from Torgerson and Bell-Syer (2001).'7¢
b Hosking DJ (personal communication).
¢ Saylor G (personal communication).

Comparison: 15 Non-osteoporotic women - hip fracture
Outcome: 01 Hip fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Cauley, 2001'7® 14/1380 13/1383 —L— 20.0 1.08 (0.51 to 2.29)
EPIC study”' o/110 1/502 = Il 1.51 (0.06 to 36.84)
Herrington, 2000% 1/100 1/105 1.5 .05 (0.07 to 16.56)
Lees, 2001 0/462 /18 4 Il 0.09 (0.00 to 2.09)
WHI trial'® 44/8506 62/8102 | 763 068(0.46t00.99)
Total (95% Cl) 59/10588 78/10210 o 100.0 0.74 (0.53 to 1.03)
Test for heterogeneity x2 = 3.19, df = 4,p = 0.53
Test for overall effect z = -1.78, p = 0.08
01 02 | 510
Favours treatment  Favours control

74 FIGURE 30 HRT: hip fracture in postmenopausal women not selected for low BMD
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TABLE 56 HRT in postmenopausal women not selected for low BMD: comparisons with placebo or no treatment: wrist fracture data

Study Dose No. of women in each group suffering wrist fracture

Cauley, 2001'7® CEE 0.625 mg per day plus

MPA 2.5 mg per day

HRT: 29/1380

Placebo: 29/1383¢

RR 1.00, 95% CI 0.60 to 1.67
EPIC study’' Open-label oestrogen—progestin
(in USA, 0.625 mg per day CEE +
5 mg per day MPA; in Europe,

2 mg per day |7B-estradiol for
22 days, | mg per day NETA on
days 13-22 and | mg per day
estradiol on days 23-28)

Data at 4 years:

HRT: 0/110

Placebo: 5/502°

RR 0.41, 95% CI 0.02 to 7.40

Herrington, 200088 Unopposed CEE (0.625 mg per day); HRT: 1/100

CEE (0.625 mg per day) plus MPA Placebo: 3/105¢

(2.5 mg per day) RR 0.35, 95% CI 0.04 to 3.31
Lees, 2001%* Cyclical estradiol-178 (1 or 2 mg) Oestrogen | mg: 2/231

(days 1-28) and dydrogesterone Oestrogen 2 mg: 1/231

(5, 10 or 20 mg) (days 15-28) in the Placebo: 0/118

following combinations: RR, pooled oestrogen group vs placebo, 1.80
1/5, 1/10, 2/10, 2/20 (95% CI 0.09 to 34.59)

? Data from Torgerson and Bell-Syer (2001).'7¢
b Hosking DJ (personal communication).
¢ Saylor G (personal communication).

Comparison: 16 Non-osteoporotic women - wrist fracture

Outcome: 0l Wrist fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
Cauley, 200178 29/1380 29/1383 —i— 89.9 1.00 (0.60 to 1.67)
EPIC study”' 0/110 5/502 = 2.8 0.41 (0.02 to 7.40)
Herrington, 2000% [/100 3/105 = 46 0.35(0.04 to 3.31)
Lees, 2001 3/462 0/118 = 2.7 1.80 (0.09 to 34.59)
Total (95% Cl) 33/2052 37/2108 — 100.0 0.95 (0.58 to 1.53)
Test for heterogeneity x2 = 1.31,df = 3,p = 0.73
Test for overall effect z = -0.23, p = 0.8
0.1 02 | 510
Favours treatment  Favours control

FIGURE 31 HRT: wrist fracture in postmenopausal women not selected for low BMD
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Comparison: 17 Non-osteoporotic women - other non-vertebral fracture

Test for heterogeneity x2 = 1.31,df = 1,p = 0.25
Test for overall effectz = -1.03,p = 0.3

Outcome: 01 Other non-vertebral fracture
HRT Control RR Weight RR
Study n/N n/N (95% CI Random) % (95% CI Random)
EPIC study”' 6/110 29/502 —i— 56.2 0.94 (0.40 t0 2.22)
Herrington, 2000% 5/100 12/105 —— 438 0.44 (0.16 to 1.20)
Total (95% Cl) 117210 41/607 ——— 100.0 0.67 (0.32 to 1.43)

0.1

Favours treatment

| 5 10
Favours control

FIGURE 32 HRT: non-hip, non-wrist fracture in postmenopausal women not selected for low BMD

One quality of life study®® found that oestrogen was
associated with significant improvements from
baseline in the mean scores for sleep problems and
vasomotor symptoms, but significant deterioration
in the menstrual symptom scores (p < 0.05 in each
case). The other quality of life study*’ found that
women taking HRT reported significant
improvements in memory/concentration, vasomotor
symptoms and sexual behaviour compared with
those taking raloxifene, but significant worsening in
mood and menstrual symptoms. Significantly more
women taking HRT said that their treatment
worried them (20% versus 10%, p < 0.01), perhaps
reflecting the increased occurrence of adverse
events (specifically breast pain and vaginal
bleeding) in the HRT group. Women taking HRT
reported significantly lower treatment satisfaction
than those taking raloxifene (p = 0.004).

HRT in postmenopausal osteoporosis and
osteopenia, and in postmenopausal women not
selected for low BMD: summary

As may be seen from Table 57, the evidence base
relating to the use of HRT for the prevention and
treatment of postmenopausal osteoporosis is
deficient in many areas; where it is not deficient, it
generally fails to demonstrate any clear benefit.
For comparability with other interventions,

Table 57 reports the relative risk of morphometric
vertebral fracture in women not selected for low
BMD; this figure suggests that HRT offers no
protection against such fractures. However, meta-
analysis of the data from those studies that only
report clinical vertebral fractures’!-85178.180
indicates that HRT has a protective effect in
relation to such fractures in postmenopausal
women not selected for low BMD (RR in women
receiving HRT of 0.65, 95% CI 0.46 to 0.92). This

discrepancy is curious and not easily explained: as
noted earlier, the Fracture Intervention Trial
indicated that, in the same population, alendronate
caused very similar reductions in the risk of
radiographic and clinical fractures. In the absence
of evidence that HRT has a different effect on
radiographic and clinical fractures, the evidence
relating to clinical fractures should probably be
preferred, as it is based on larger studies.

The largest study of HRT'® found that it was
associated with a statistically significant reduction
in both hip and non-hip non-vertebral fractures in
women not selected for low BMD (RR in women
receiving HRT of 0.68, 95% CI 0.46 to 1.03, and
RR 0.79, 95% CI 0.71 to 0.87, respectively); the
total number of women suffering any non-
vertebral fracture was not stated.

Thus, it seems possible that HRT may offer
protection against both vertebral and non-
vertebral fracture in postmenopausal women not
selected for low BMD. However, it should be noted
that the WHI trial on which this evidence of
benefit largely depends was stopped early because,
in women taking oestrogen plus progesterone, the
evidence for harm from the increased risk of
breast cancer, CHD, stroke and pulmonary
embolism outweighed the evidence of benefit from
the reduction in fracture risk and possible benefit
from the reduction in the risk of colon cancer. The
balance of risks in hysterectomised women
receiving unopposed oestrogen was not clear, and
thus that component of the trial is still ongoing.'®

HRT: associated effects
HRT impacts on health in a number of ways, both
detrimental and beneficial. The pooled results of
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TABLE 57 Relative risk of fracture: HRT versus placebo or no treatment

Group Vertebral All non-vertebral
fracture fracture

Women with severe 0.58 0.67

osteoporosis (0.26 to 1.30)°  (0.12 to 3.93)°

Women with severe 0.71 0.86

osteoporosis,
osteoporosis or
osteopenia

Women with
osteoporosis or
osteopenia

Women with
osteopenia

Women not selected
for low BMD

(0.24 to 2.12)

No data

No data

2.05
(0.71 to 5.97)

(0.37 to 1.96)¢

1.17
(0.41 to 3.28)°

No data

0.86
(0.72 to 1.02)¢

Hip fracture

Wrist fracture

Other non-
vertebral fracture

No data No data No data
No data No data No data
No data No data No data
No data No data No data
0.87 0.95 0.67 .
(0.63 to 1.20)"  (0.58 to 1.53)" (0.32 to 1.43)'

Data are shown as RR (95% ClI).
“ Based on data from Lufkin et al. (1992).'7

b Based on data from Lindsay and Tohme (1990)%° and Wimalawansa (1998).'%
¢ Based on data from Alexandersen et al. (1999)*° and Lufkin et al. (1992).'”3
9 Based on data from Alexandersen et al. (1999),>° Lindsay and Tohme (1990),%° Recker et al. (1999)”2 and Wimalawansa

(1998).'%
¢ Based on data from Recker et al. (1999).7?

f Based on data from Gallagher et al. (2001)°® and Mosekilde et al. (2000).'”°

€ Based on data from Bjarnason et al. (2000),'”” Cauley et al. (2001),'”® Delmas et al. (2000),% EPIC study (1999),”" Eitken
et al. (1997),%7 Gallagher et al. (2001),°® Genant et al. (1997),%° Herrington et al. (2000),% Lees and Stevenson (2001),%*
Mosekilde et al. (2000),'7° Orr-Walker et al. (2000),%° PEPI trial (1996)°' and Weiss et al. (1999).”

h Based on data from Cauley et al. (2001),'”® EPIC study (1999),”' Herrington et al. (2000),% Lees and Stevenson (2001)¢*

and WHI trial (2002).'8°

" Based on data from the EPIC study (1999)”' and Herrington et al. (2000).88

four major RCTs indicate that, relative to placebo,
HRT increases the risk of breast cancer (RR 1.27,
95% CI 1.02 to 1.56), stroke (RR 1.27, 95% CI
1.06 to 1.51) and pulmonary embolism (RR 2.16,
95% CI 1.47 to 3.18).%% It also appears to increase
the risk of gallbladder disease.'®® In addition, in
unhysterectomised women, oestrogen unopposed
by progestogen increases the risk of endometrial
cancer.'8+18°

In terms of benefits, pooled RCT data indicate
that HRT offers protection against colorectal
cancer (RR 0.64, 95% CI 0.45 to 0.92).2% It also
reduces the frequency and severity of hot flushes
and night sweats. 8¢ Thus, of the studies reviewed
here, the PEPI study found that, at 1 and 3 years,
women in each active treatment group had
significantly lower vasomotor symptom levels than
those in the placebo group.'®” A large cross-
sectional study'®® also found that, after adjusting
for relevant variables, current unopposed
oestrogen use was associated with a decreased risk
in elderly women of reporting six or more
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depressive symptoms [odds ratio 0.6, 95% CI 0.4
to 0.9]; however, this effect disappeared with the
addition of a progestin (odds ratio 0.8, 95% CI 0.5
to 1.4).

Despite the evidence from the WHI study that
HRT has a detrimental effect in relation to CHD,
meta-analysis of the results of four major RCTs,
including the WHI study, has not demonstrated
that it has a significant effect on either CHD (RR
1.11, 95% CI 0.96 to 1.30) or endometrial cancer
(RR 0.76, 95% CI 0.45 to 1.31).2Y Existing trials
are too small to provide information relating to
other important, but rarer, conditions such as
ovarian cancer.? HRT may possibly offer
protection against Alzheimer’s disease;'®*1%" but it
does not appear to slow its progress or improve
cognitive or functional outcomes in women with
the disease.®

HRT is also associated with side-effects that reduce
the quality of life, such as vaginal bleeding, breast
tenderness, headaches, weight gain, mood change
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and nausea. These were reported by women taking
oestrogen in a number of the studies reviewed in
this report, and in some studies were specified as
reasons for withdrawal (see Appendix 10,

Table 168 for details). Some of these side-effects,
such as vaginal bleeding, may be attributed to the
progestogen rather than the oestrogen component
of HRT. Thus, a large study reported that breast
discomfort was significantly more common in
women receiving combination treatment than in
those receiving either placebo or unopposed
oestrogens. %7

HRT: continuance and compliance

Continuance is particularly problematic with HRT
because of the impact of side-effects on quality of
life. In the studies reviewed in this section, the
percentage of subjects receiving HRT who
completed the protocol ranged from 100% at

1 year® to 72% at 3.5 years’? and 83% at

4 yearle5 in women with low BMD, and from 70%
at 2 years® to 24% at 3 years'”” in women not
selected for low BMD. In relation to compliance,
in one RCT*" a lower proportion (86%) of women
taking HRT than of women taking raloxifene
(95%) reported taking their double-blinded
medication regularly (p < 0.01), although pill
counts did not indicate a significant difference
between the groups in this respect. Overall, the
available evidence suggests that relatively few
women are likely to comply with HRT for the long
periods recommended for the prevention of
0steoporosis.

Initial compliance with HRT is likely to be higher
in women with menopausal symptoms than in
those without, and compliance cannot therefore be
extrapolated from women prescribed HRT for the
relief of menopausal symptoms to asymptomatic
women prescribed it for osteoporosis
prevention.'”! Three UK studies have specifically
looked at continuance in patients prescribed HRT
for osteoporosis; one found that 61% remained on
treatment at 6 months,'%? while the others found
that only 49%'% and 36% remained on treatment
at 1 year.'”* In one of these studies,'? 55% of
those women who were not on HRT at 6 months
had never started treatment (33% of these because
they viewed it as controversial and 41% because
they were concerned about side-effects or breast
cancer), while the most common reason given for
stopping treatment was withdrawal bleeding, cited
by 36% of those who had started therapy.

A retrospective search of a US pharmacy
prescription database!*” found that, among
members of a large health maintenance

organisation (the Kaiser Foundation Health Plan),
only 28% of women who had been prescribed
oestrogens, for whatever reason, remained on
treatment at 24 months. A Spanish RCT'
randomised to either continuous oestrogen or
transdermal oestradiol women who had requested
HRT following surgical menopause caused by
hysterectomy and bilateral oophorectomy for
benign disease. Although a high rate of
continuance might have been expected in this
group, as they would not have the vaginal
bleeding and other side-effects associated with
progestogen use, at 5 years only 47% of the oral
oestrogen group and 20% of the transdermal
oestradiol group remained on treatment. Fear of
cancer was a major reason for withdrawal,
affecting 18-22% in each group, and 22% of the
transdermal oestradiol group withdrew because of
erythema in the patch application area.

Side-effects may be diminished, and compliance
improved, by changing from one oral oestrogen or
progestin to another, from oral to transdermal
oestrogen, or from sequential to continuous
combined HRT:'*” One RCT that compared
sequential with continuous combined HRT'%
found that compliance was higher in the group
receiving the continuous preparation (compliance
after 1 year 93% versus 66%, and after 2 years
73% versus 49%). Seventeen per cent of the
sequential HRT group withdrew because of the
return of monthly bleeding and a further 7%
because of irregular bleeding, whereas only 3% of
women receiving continuous HRT withdrew
because of irregular bleeding.

Exercise

Quantity and quality of research available:
exercise in postmenopausal osteoporosis and
osteopenia

One RCT was identified that studied the effect of
exercise in women who had suffered upper limb
fracture in the past 2 years, and that reported
fracture outcomes.'” This study compared brisk
walking with upper limb exercises. Vertebral
fracture was a secondary outcome measure. This
study also measured general health-related quality
of life, using the NHP, and physical activity, using
the London Health and Fitness Questionnaire (for
details, see Appendix 10, Tables 189 and 190).

In addition, two RCTs!%*1%9 reported quality of life
outcomes in osteoporotic or osteopenic women
undertaking exercise programmes. One of these!*
studied the effect of hour-long thrice-weekly
exercise classes on postmenopausal women with
low BMD: the classes included aerobic exercise,

8
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exercises designed to promote flexibility, and
localised anisometric exercises that concentrated
on the muscles. Although this study did not report
fracture outcomes, it measured participants’
psychological well-being using Dupuy’s General
Well-Being Schedule. The other study'? studied
elderly women with severe osteoporosis, and used
a home exercise programme that incorporated a
tailored range of motion, strengthening and
aerobic conditioning; this was to be performed for
at least an hour thrice-weekly. It measured quality
of life using a disease-specific osteoporosis quality
of life questionnaire that assessed symptoms,
emotional and physical function, activities of daily
living, and leisure and social aspects. This study
was available in abstract form only (for details, see
Appendix 10, Tables 189 and 190).

The quality of these studies was varied (see
Appendix 10, Table 191). As one study was
published in abstract form only,'® its reporting

quality was poor.

Assessment of effectiveness of exercise in
postmenopausal osteoporosis and osteopenia
Vertebral fracture

The brisk walking study reported vertebral
fractures only in terms of the group mean total
number of fractures per year; thus, the relative
risk of fracture could not be calculated. However,
there was said to be no significant difference
between the treatment groups in terms of
vertebral fracture.

Non-vertebral fracture

Clinical fracture rates were said to be similar in
the two groups, despite the fact that the brisk
walking group experienced significantly more falls
than the control group (an excess of 15.2 falls per
100 person-years over the course of the study).

Quality of life

In the brisk walking study, the NHP scores showed
only small changes over the study period, with no
significant differences between the two groups.
However, the brisk walking group showed a
significant improvement in physical stamina
compared with the control group (p = 0.04).1%7

In the study of exercise classes, after controlling
for baseline differences between the groups, the
exercise programme was found to have a positive
effect on well-being (p = 0.012). In addition, at
12 months, the back pain reported by the
treatment group was lower than that reported by
the controls (2.65 versus 3.93, p = 0.008).!9
Interim results from the home exercise study
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showed a trend towards improvement in overall
disease-specific quality of life in the exercise group
(p = 0.12). This improvement was due primarily
to improved symptoms (p < 0.05) and physical
functioning (p < 0.01).1%

Quantity and quality of research available:
exercise in postmenopausal women not selected
for low BMD

Three RCTs were identified that studied the
effects of exercise in postmenopausal women not
selected for low BMD, and that reported fracture
outcomes.?**22 One of these®” studied the effects
of an exercise class involving 45 minutes of weight-
bearing exercise to music three times a week for
three 10-week terms a year on women aged

60-73 years. Both the exercise and control group
received 1000 mg supplementary calcium daily.
The second study?”® used a non-progressive
exercise programme (warm-ups, stretching,
balancing, arm and leg exercises with elastic bands
to improve multimuscular movement patterns)
which was to be carried out at home at least three
times a week for at least 20 minutes in women
aged 45-75 years. Subjects were followed for
between 1 and 5 years. Fractures were not
reported at the end of the original study, but a
follow-up study carried out 10 years after the start
of the original study reported both vertebral and
non-vertebral fractures in the 137 of the original
222 participants who were available for follow-up
and had not switched from the control to the
exercise group.?%!

The third study202 investigated whether, 8 years
after the end of a 2-year RCT of home-based
intensive progressive back exercise, any effect
could be seen in terms of muscle strength, BMD
and incidence of vertebral fractures in healthy
postmenopausal white women who did not have
radiographic evidence of vertebral wedging or
compression at baseline. At the end of the 2-year
trial, the exercise group discontinued the
prescribed exercises; all subjects were free to
participate in any self-selected physical activities,
and were not monitored. Fifty of the original 65
women (77%) returned for evaluation 10 years
from baseline, 27 out of 34 (79%) from the
exercise group and 23 out of 31 (74%) from the
control group. Three had moved away, three had
physical impairments, eight could not return for
personal reasons and one had died. Although a
few subjects had received HRT during the
intervening period, none had taken it for more
than 4 months. (For further details of these
studies, see Appendix 10, Tables 192 and 193).

79



80

Effectiveness

TABLE 58 Exercise in postmenopausal women not selected for low BMD: comparisons with no treatment: vertebral fracture data

Study Exercise regimen

McMurdo, 19972% 45 minutes of weight-bearing
exercise three times a week

for 30 weeks a year

Home exercise for at least
20 minutes at least three times
a week

Preisinger, 20012°'

Sinaki, 20022%2 Intensive progressive back

exercise

Fracture definition

NA

20%

20%

No. of women in each group
suffering vertebral fracture

Exercise: 5/73
Control: 8/64
RR 0.55 (95% C1 0.19 to 1.59)

Exercise: 3/27
Control: 7/23
RR 0.37 (95% CI1 0.11 to 1.25)

TABLE 59 Exercise in postmenopausal women not selected for low BMD: comparisons with no treatment: non-vertebral fracture data

Study Exercise regimen

McMurdo, 19972%°

Preisinger, 2001%!
least three times a week

Sinaki, 20022°2

9 McMurdo MET (personal communication)

None of these studies reported quality of life
outcomes, nor were any other relevant studies
identified that reported such outcomes.

As reported, the quality of these studies was
variable (see Appendix 10, Table 194).

Assessment of effectiveness of exercise in
postmenopausal women not selected for low
BMD

Vertebral fracture

None of the studies reviewed in this section
demonstrated that exercise had a statistically
significant protective effect in relation to vertebral
fracture (Table 58). Because all three studies used
different forms of exercise regimen, it was not
appropriate to pool the results.

Non-vertebral fracture

None of the studies reviewed in this section
demonstrated that exercise had a statistically
significant protective effect in relation to non-
vertebral fracture (1able 59). Again, it was not
appropriate to pool the results.

45 minutes of weight-bearing exercise
three times a week for 30 weeks a year

Home exercise for at least 20 minutes at

Intensive progressive back exercise

No. of women in each group suffering
vertebral fracture

Exercise: 0/58
Control: 2/60°
RR 0.21 (95% CI 0.01 to 4.22)

Exercise: 22/73
Control: 13/64
RR 1.48 (95% CI 0.82 to 2.70)

None reported

Exercise: impact on health

Brisk walking has been shown to be beneficial in
reducing high-density lipoproteins in previously
sedentary women** and the risk of CHD in
postmenopausal women aged between 50 and

79 years.205 However, the trial reviewed above
found that brisk walking was also associated with a
significantly increased risk of falling.'%”

Exercise: continuance and compliance

The acceptability of exercise as an intervention
varied between the studies. In the study of brisk
walking,'*” only 165 of the 508 women who were
contacted (33%) agreed to take part in the study.
Of the 165, 68 (41%) dropped out, almost all in
the first year. Dropouts were evenly distributed
between the brisk walking group and the control
group that undertook upper limb exercises.
Reasons for withdrawal after randomisation were
given as unwillingness to continue (24%), illness
(6%), death (1%), exercise-related trauma (1%) and
other unspecified difficulties (9%). Those women
who dropped out tended to be less physically fit
than the others, and thus those subjects may have
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TABLE 60 Comparison of interventions with placebo or no treatment: relative risk of morphometric vertebral fracture

Intervention

Women with severe Women with

osteoporosis

severe osteoporosis

Women with

osteoporosis or

Women with normal
or unspecified BMD

or osteoporosis osteopenia

Alendronate 0.53 0.53 0.60 0.34

(0.41 to 0.68) (0.42 to 0.67) (0.46 to 0.80) (0.04 to 3.25)
Etidronate 0.43 No data No data No data

(0.20 to 0.91)
Risedronate 0.63 No data 0.53 No data

(0.51 to 0.78) (0.24 to 1.17)
Raloxifene 0.69 0.65 0.53 No data

(0.56 to 0.86) (0.53 to 0.79) (0.32 to 0.88)
Teriparatide 0.35 No data No data No data

(0.22 to 0.55)
Calcium 0.55 No data No data 1.26

(0.33 to 0.93)° (0.65 to 2.46)
Calcium + vitamin D No data No data No data 2.95

0.21 to 71.21)

Calcitriol 1.02 No data No data 4.44

(0.44 to 2.32) (0.50 to 39.03)
HRT 0.58 No data No data 2.05

(0.26 to 1.30) (0.71 to 5.97)

Data are shown as RR (95% ClI).

9 May not apply to women with adequate dietary calcium intakes.

been lost who would have benefited most from the
intervention. Self-reported compliance with the
walking reported by those who completed the
study was good, but could not be validated. As the
study took place in a relatively poor inner-city

population, it may not be typical of other areas.!"’

In one of the studies that used exercise classes, '8

nine women in each group (13% of study entrants
overall) were lost to follow-up; in general, these
women were in worse physical and psychological
health than study completers. A further 17 women
dropped out of the exercise group during the
course of the exercise programme, largely during
the first 3 months; thus, overall, 44 of an initial 70
women in the exercise group (63%) completed the
programme. The average assiduity of these 44
women was 73%. In the other study that used
exercise classes,?”’ 14 out of 58 (24%) dropped out
from the exercise group and 12 out of 60 (20%)
from the control group. In this study, the average
compliance with calcium, based on tablet counts,
was 97% in each group.

One of the studies of home exercise???® defined
compliance with regular exercise as exercising at
least three times a week for 20 minutes for the
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study period of between 1 and 5 years (mean

3.0 = 1.3 years); mean compliance was found to
be 48%. At long-term follow-up (mean 7.6 = 1.1
years), 33% of the exercise group were compliant
with the regular exercise.?’! Another study of
home exercise has only published interim reports,
and has not presented evidence relating to
continuance or compliance.'® The study of home
back exercises reported that there had been no
dropouts from either group during the 2 years of
the study.?”? For a summary of adverse effects, see
Appendix 10, Table 195.

Conclusions

Impact of interventions on vertebral
fracture

Data relating to the efficacy of the interventions
reviewed in this report in preventing vertebral
fracture are summarised in Table 60. As may be
seen, calcium has been shown to reduce the risk of
vertebral fracture in women with severe
osteoporosis and low self-chosen dietary calcium
intakes, and alendronate, etidronate, risedronate,
raloxifene and teriparatide have all been shown to
do so in women with severe osteoporosis with
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TABLE 61 Comparison of interventions with placebo or no treatment: relative risk of non-vertebral fracture

Intervention
osteoporosis

Women with severe  Women with
severe osteoporosis

Women with normal
or unspecified BMD

Women with
osteoporosis or

or osteoporosis osteopenia
Alendronate 0.81 0.8l 0.74 0.88
(0.65 to 1.01) (0.66 to 0.98) (0.52 to 1.06) (0.47 to 1.64)
Etidronate 1.04 No data No data No data
(0.64 to 1.69)
Risedronate 0.67 0.8 0.55 0.14
(0.50 to 0.90) (0.7 to 1.0)° (0.22 to 1.34) (0.01 to 2.60)
(author’s calculation)
Raloxifene No data 0.92 No data No data
(0.79 to 1.07)
Teriparatide 0.65 No data No data No data
(0.43 to 0.98)
Calcium No data No data No data No data
Calcium + vitamin D No data No data No data 0.79
(0.69 to 0.92)
Calcitriol 2.50 No data No data 0.46
(0.51 to 12.19) (0.17 to 1.27)
HRT 0.67 No data .17 0.86
(0.12 to 3.93) (0.41 to 3.28) (0.72 to 1.02)

Data are shown as RR (95% CI).
9 Includes pooled 2.5- and 5-mg data from one study.

adequate calcium intakes (see Table 50).
Alendronate and raloxifene have also been
demonstrated to reduce the risk of vertebral
fracture in women with adequate calcium or
vitamin D intakes who have osteoporosis with or
without fracture. Although subgroup analysis
suggests that alendronate does not reduce the risk
of vertebral fracture in women with osteopenia, it
has been claimed by the manufacturers, on the
basis of subgroup analysis of data from the MORE
study, that raloxifene does reduce the risk of
fracture in such women.

Only raloxifene appears to reduce the risk of
vertebral fracture in postmenopausal women
unselected for low BMD but, as full data have not
been made public, there is some uncertainty
regarding this result. There is also evidence to
suggest that HRT reduces the risk of clinical
vertebral fractures in such women.

Impact of interventions on non-
vertebral fracture

Data relating to the efficacy of the interventions
reviewed in this report in preventing non-vertebral
fracture are summarised in Table 61. Calcium plus
vitamin D has been shown to protect against non-

vertebral fracture in elderly women with low
dietary calcium intakes, some of whom were also
deficient in vitamin D; although these women
were not selected for low BMD, their age was such
as to suggest that the majority could be expected
to have been suffering from osteoporosis or
osteopenia. Only risedronate and teriparatide
have been demonstrated to reduce the risk of non-
vertebral fracture in women with severe
osteoporosis with adequate calcium intakes;
alendronate has been shown to do so in women
with osteoporosis with or without fracture and with
adequate calcium or vitamin D intakes.

As hip fracture is arguably the most important
non-vertebral fracture in terms of its health
impact, data relating to the efficacy of the
interventions reviewed in this report in preventing
hip fracture are summarised in 7able 62. Calcium
plus vitamin D has been shown to protect against
hip fracture in elderly women with low dietary
calcium intakes, some of whom were also deficient
in vitamin D; although these women were not
selected for low BMD, their age was such as to
suggest that the majority could be expected to
have been suffering from osteoporosis or
osteopenia. Only risedronate has been
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TABLE 62 Comparison of interventions with placebo or no treatment: relative risk of hip fracture

Intervention
osteoporosis

Women with severe  Women with
severe osteoporosis

Women with normal
or unspecified BMD

Women with
osteoporosis or

or osteoporosis osteopenia
Alendronate 0.49 0.46 0.68 Insufficient data
(0.24 to 1.01) (0.23 t0 0.91) (0.30 to 1.54)
Etidronate 0.50 No data No data No data
(0.05 to 5.34)
Risedronate 0.60 0.66 No data No data
(0.42 to 0.88) (0.48 to 0.89)
Raloxifene No data 1.12 No data No data
(0.65 to 1.95)
Teriparatide 0.50 No data No data No data
(0.09 to 2.73)
Calcium No data No data No data No data
Calcium + vitamin D No data No data No data 0.72
(0.59 to 0.88)°
Calcitriol No data No data No data No data
HRT No data No data No data 0.67
(0.32 to 1.43)

Data are shown as RR (95% ClI).

9 May not apply to women with adequate dietary calcium and vitamin D5 intakes.

demonstrated to reduce the risk of hip fracture in
women with severe osteoporosis with adequate
calcium intakes; alendronate and risedronate have
been shown to do so in women with osteoporosis
with or without fracture and with adequate calcium
or vitamin D intakes.

Summary

Calcium, with or without vitamin D, has been
shown to reduce the risk of both vertebral and
non-vertebral fracture, including hip fracture,
relative to placebo or no treatment, in women with
low dietary intakes of those nutrients who either
have severe osteoporosis or, because of their age,
are at high risk of fracture. There is no evidence
that supplementary calcium, with or without
vitamin D, has an antifracture effect in women not
selected for low dietary calcium intakes, and direct
comparison suggests that calcitriol is more
effective than calcium alone in preventing
vertebral and non-vertebral fracture in such
women.

Only alendronate, risedronate and teriparatide
have been shown to reduce the risk of both
vertebral and non-vertebral fracture, relative to
placebo or no treatment, in women with severe
osteoporosis or osteoporosis and with adequate
calcium intakes; alendronate and risedronate have

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

also been shown to reduce the risk of hip fracture
in such women. However, none of these drugs has
been demonstrated, in direct comparisons, to be
significantly more effective than either each other
or the other active interventions reviewed in this
report. Moreover, it is undesirable to suggest, on
the basis of indirect comparisons, that one
intervention is more effective than another.
Although in this report every effort has been made
to ensure that only data from studies with
comparable populations have been pooled, it is
not possible to guarantee the comparability of the
populations receiving the different interventions,
and therefore the results of indirect comparisons
are inevitably less secure than those of direct
comparisons. However, with that caveat, the
pooled data suggest that alendronate, risedronate
and teriparatide are all associated with similar
reductions in risk of vertebral and non-vertebral
fracture, as the confidence intervals around the
relative risks all overlap (see Tables 60 and 61).
Thus, there is no evidence that any one of these
three interventions is more effective than any
other in reducing the risk of vertebral and non-
vertebral fracture in women with severe
osteoporosis or osteoporosis and with adequate
calcium intakes. However, while it has been shown
that alendronate and risedronate also reduce the
risk of hip fracture in such women (see Table 61),
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the studies of teriparatide were not sufficiently
large to demonstrate an effect on hip fracture.

Raloxifene has been shown to reduce the risk of
vertebral fracture in women with severe
osteoporosis, osteoporosis or osteopenia, but there
is no evidence that it reduces the risk of non-
vertebral fracture.

Although there is also evidence from a large, high-
quality study to suggest that HRT reduces the risk
of both clinical vertebral fracture and non-hip,
non-vertebral fractures in women not selected for
low BMD, this study was stopped early in women
receiving oestrogen plus progesterone because the
increased risks of breast cancer, CHD, stroke and
pulmonary embolism outweighed the benefits
associated with the reduction in the risk of
fracture, and the possible reduction in the risk of
colon cancer. It does not, therefore, seem
appropriate to offer long-term HRT with the
primary aim of osteoporosis prevention to women
who are not at high risk of fracture; in women at
high risk, the balance of risks and benefits should
be carefully assessed for each individual woman.

In interventions intended for long-term
prevention rather than for the immediate
amelioration of a health problem, the impact of
those interventions on quality of life takes on a
particular importance. In this context, it is
important to differentiate between the quality of
life impact caused by the antifracture efficacy

of an intervention and any general quality of
life impact that it may have independently

of that antifracture efficacy. No studies were
identified that measured quality of life in
postmenopausal women taking four of the five
interventions shown to reduce the risk of

osteoporotic fracture (calcium, vitamin D,
risedronate and teriparatide); one study indicated
that alendronate was associated with
improvements in general health-related quality of
life as measured by the NHP. Some of the
improvement seen in this study (e.g. in pain and
physical ability) may be due to alendronate’s
impact on vertebral fracture.

Calcium and vitamin D are both available as oral
preparations that are easy to take; calcium may be
associated with mild gastrointestinal side-effects
and a slightly increased risk of symptomatic renal
stones. By contrast, the dosing regimen required
to maximise the uptake of alendronate and
risedronate, and to reduce the risk of upper
gastrointestinal side-effects, is demanding of the
patient, although lifestyle disruptions can be
minimised by the use of the newer once-weekly
formulations that appear to be therapeutically
equivalent to the daily dose. Teriparatide has to be
injected: although this may seem less convenient
than an oral preparation, it does not have the
lifestyle impact of the dosing regimen required for
the bisphosphonates.

Alendronate and risedronate have both been
associated with upper gastrointestinal side-effects,
but there is evidence to suggest that these may not
be significantly more common in women taking
alendronate than in other women of similar age
and health status. The side-effects of teriparatide
include mild discomfort at the injection site, and
possibly also nausea and headache.

Treatment with teriparatide is limited to 18
months, compared with the apparently open-
ended treatment with the bisphosphonates and
with calcium and vitamin D.
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Chapter 4

Economic analysis

he appraisal team reviewed the existing

evidence, taken to be the submission
documents, #9424 yy5ing the quality assessment
checklist presented by Drummond and
Jefferson.?’® These documents are contained in
Appendix 11.

The model constructed by the appraisal team is
presented, with results and discussion.

Methods for economic analyses

The appraisal team constructed a model to
estimate the cost-effectiveness of osteoporosis
interventions. The key inputs to this model are the
efficacy data for each intervention in terms of the
ability to reduce the incidence of hip, vertebral,
wrist and proximal humerus fractures. The model
calculates the number of fractures that occur and
provides as output data the costs associated with
osteoporotic fractures, and the quality-adjusted
life-years (QALYs) accrued by a cohort of

100 osteoporotic women, with each fracture being
detrimental to health. When the costs of the
intervention are included, the marginal cost
compared with no treatment (assumed to be a
sufficient intake of calcium and vitamin D) can

be calculated. When this figure is divided by the
gain in QALY a cost per QALY ratio can be
calculated.

In addition to osteoporotic fractures, the
conditions of breast cancer and CHD were
modelled, as some interventions have been shown
to affect the risk of these conditions.

This section is divided into the following
subsections:

e the structure of the model, which will discuss
the formulation of the appraisal model and the
modelling assumptions made

e the population of the model

e the health state values assumed for each event
contained within the model

o the costs associated with each event contained
within the model

e the cost-effectiveness ratios calculated for each
intervention.
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Structure of the model

The model used to calculate cost-effectiveness
ratios is an updated version of Sheffield Health
Economic Model for Osteoporosis (SHEMO) that
was reported in Kanis and colleagues.?’” This
model deviates from approaches used previously,
which were based on cohort analyses using the
standard techniques of decision analysis and
Markov models. 208209

The basic design of SHEMO is similar, in many
ways, to the conventional Markov models used in
the area of osteoporosis, where patients pass
through states using a set of transition
probabilities, and each state has its associated
costs, mortality rates and health state utility values.
However, it differs in a crucial respect to the
conventional cohort Markov design since
individual patients pass through the model one at
a time. The model simulates for each patient
whether or not an event occurred in the
forthcoming year and then a mean estimate is
taken of costs and QALYs for each cohort.

The full patient history is recorded and factors
such as prior fractures and current residential
status can be used therefore to determine the
likelihood of events in the next period. Following
the simulated event, the quality of life of the
patient and costs incurred in that period are
calculated. These values have taken into account
any residual costs or quality of life impacts from
previous fractures, breast cancer or CHD. The
model simulates at 1-year intervals until either the
patient dies or a user-defined time horizon, which
was set to 10 years for the majority of the
economic analyses, has been reached. This process
is repeated until a selected number of patients
have been simulated. The rationale for using the
individual patient approach is that it provides
more accuracy and flexibility than a cohort
approach, which is bounded by a limited number
of transition states. Examples are given in
Appendix 12.

Modelling assumptions

For the purpose of this report, the transition states
between which patients can move were limited to
fracture states (hip, wrist, vertebral, proximal
humerus and death due to hip fracture), CHD

85



86

Economic analysis

states (non-fatal event and fatal events), breast
cancer states (non-fatal breast cancer and fatal
breast cancer) and death from other causes. A
separate variable was used to indicate the
residential status of the patient, either community
or nursing home. A ‘no event’ state, which
signifies that the patient did not have an event
that would be associated with a change of state,
was also included. The transition probability for
the no event state was calculated as 1 minus the
summation of the transition probabilities for the
remaining states.

Diseases where possible links with osteoporosis
treatments may exist, such as Alzheimer’s disease,
venous thrombolic events and cancer, were
excluded from this study.

The characteristics of the population to be
analysed are flexible. The age, T-score and prior
history of the population are all user defined. For
this report the focus was on those with severe
osteoporosis (osteoporosis and with a documented
fracture) and those with osteoporosis alone.

For the purpose of this report, selected patient
groups were chosen for analysis, for example 60-
year-olds suffering established osteoporosis and a
T-score of —2.5 SD, although a user can enter
whatever patient groups are desired.

The basic probabilities for moving from transition
state to transition state have been taken from
epidemiological data, where possible from the UK,
and transformed where appropriate.

Having established the transition probabilities,
the model simulates the experiences of each
patient in the cohort under no treatment. Outputs
are the number of life-years gained (discounted at
1.5% per annum), the number of QALYs gained
(also discounted at 1.5% per annum) and the
discounted costs incurred (discounted at 6% per
annum).

As a patient moves into a transition state, there is
an initial one-off cost incurred and an ongoing
cost incurred that is assumed to last until the end
of the simulation. By using such a methodology,
states with high ongoing costs can be
distinguished from those where the costs incurred
are all in the initial year. In circumstances where a
patient has already suffered the state before, it has
been assumed that only the one-off costs will be
incurred, with the ongoing costs from that state
remaining constant. For example, if the
consequences of a vertebral fracture comprised an

initial cost of £600 and a recurrent cost of £300
per year, a further vertebral fracture in the same
individual would cost a further £600; however, the
recurrent costs would not increase from £300 per
year. This may underestimate the costs involved,
but few data could be found on the additional
ongoing costs of second events.

When a patient moves into a transition state this
affects the patient’s quality of life. It has been
assumed that there will be a QALY multiplier
effect within the first year and a QALY multiplier
that will last for the remaining years of the
simulation. By using this methodology, states from
which the patient will recover but not to the level
prior to the event can be modelled. It is assumed
that when a patient suffers a transition state for a
second or more time, only the initial year
reduction in quality of life will be taken into
consideration. It is noted that in some cases this
will underestimate the loss in QALYs, for example
second hip or wrist fractures on a different side to
the first, or a second vertebral fracture. However,
owing to a lack of data the approach of assuming
no extra residual QALY loss from a second
incident was taken.

Having established a baseline ‘no treatment’ cost
for the cohort, the incremental effects from
pharmaceutical treatments have been calculated.
The efficacy of each treatment is modelled by the
use of relative risks in entering a transition state.
It is expected that a cohort using a treatment with
a relative risk of 0.5 for hip fracture would, in the
next period, have half the number of hip fractures
as the same cohort receiving no treatment

(RR = 1), assuming an equal death rate. For each
intervention the relative risks were drawn from the
meta-analysis undertaken.

The effect of treatment on fracture probability was
assumed to be instantaneous and to persist
unchanged throughout the treatment period.

A b-year treatment period was assumed, which
corresponds to the duration of exposure in RCTs5,
particularly those undertaken in the past 10 years.
In addition to the treatment relative risk, the
model incorporates fall times, which have been
defined as the time from when the treatment is
stopped to the time that the relative risk returns to
1 compared with no treatment. It is assumed that
the relative risk returns to 1 in a linear manner
during the fall time. The incorporation of fall
times is important in accurately modelling those
treatments that are thought to have long residual
effects. The fall time was assumed to be zero for
effects on breast cancer and CHD.
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Each treatment option was been assigned costs
additional to drug acquisition, namely GP visits,
assumed to be two per annum, and BMD scans,
assumed to occur in year 2 and year 5 of
treatment. Lack of compliance is modelled
assuming that the patient incurs 3 months of drug
costs but receives no health benefits.

It was assumed that for a year in which death
occurred, the QALYs gained are half those for the
prior year, that costs are incurred equal to half of
the ongoing annual costs, and that only one half
of the drug acquisition cost is paid. The exception
to this rule is when the patient is simulated to
have died from breast cancer. Owing to the
expected 2-year period before death, costs and
QALYs are accrued for a further 2 years at the
levels from the onset of the breast cancer episode.

The results from the individual patient model
were converted into a meta-model using Gaussian
process techniques.?!’ The formulation of this
model is discussed in Appendix 12.

Population of the model

Population start age

For the purposes of this report, women were
analysed separately at the ages of 50, 60, 70 or
80 years.

Fracture status of the population upon entry to
the model

This report focuses on two broad patient groups,
those with osteoporosis and those with severe
osteoporosis. By definition, the former group enters
the model with no prior fracture; however, those in
the latter group have suffered a previous fracture.

An estimate of the distribution of previous
fractures for a group suffering from severe
osteoporosis was made using the incidence of
fracture depicted in Figure 2. For each year above
age of 50 years the expected cumulative number
of fractures per site was calculated. These data
were then proportioned to provide the
percentages shown in 7able 63. For example, 8% of
osteoporotic fractures up to the age of 50 years
were hip fractures. This figure rose with age and
hip fractures accounted for 21% of all osteoporotic
fractures at the age of 80 years. Thus, in each
cohort of 100 individual patients at 70 years of
age, 11% are assumed to have had hip fractures,
19% vertebral fractures, 56% wrist fractures and
14% proximal humerus fractures.

This approach is likely to cause some bias, owing
to patients with more than one prior osteoporotic
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TABLE 63 The assumed distribution of prior fractures by age

Age (years)

Fracture site 50 60 70 80

Hip 8% 8% 1% 21%
Vertebra 31% 22% 19% 22%
Wrist 50% 57% 56% 43%
Proximal humerus 11% 13% 14% 14%

fracture. For example, in an extreme case, where
all 80-year-olds had one prior hip, vertebral, wrist
and proximal humerus fractures, the starting
distribution would be set with 25% for each
fracture, despite 100% of people having sustained
a hip fracture. The alternative strategy would be to
compute probabilities of first and subsequent
fractures, data that are not available for the UK.

Initial BMD score of the population

It was assumed that the 7-score of patients
entering the model would be at the threshold of
osteoporosis (-2.5 SD). Sensitivity analyses were
conducted to estimate the change in cost-
effectiveness ratios given a higher 7T-score.

Discount rates

The discount rate for costs was set to 6% per
annum, in accordance with published guidelines.
The default discount rate for QALYs was set to
1.5% per annum.?!!

Time horizon of the model

The time horizon of the model was constrained to
a 10-year period, owing to the uncertainty around
future medical costs and technologies that may
become available, and the gap in the evidence
base concerning the effect of fractures on quality
of life after a period of 10 years. The presented
results, however, do take into account the expected
number of future QALYs lost owing to mortality
within the time horizon. This methodology is
explained in Appendix 13.

Calculating the basic transition probabilities for
each state within the model

This section describes the default risks for women
with a T-score of —2.5 and without prior fracture.
The following section details how individual events
would alter the basic transition probabilities.

Osteoporotic

This state is reserved purely for those who have
not suffered one of the remaining defined states.
Hence, the probability of moving into this state
from any other is zero.
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For patients in this state, the probability is zero,
with ‘no event’ signifying that the patient remains
osteoporotic. All patients with osteoporosis will
start the model in this state. Patients with severe
osteoporosis will never be in this state and will be
distributed across the fracture sites at the start of
the model in accordance with Table 63.

Fracture risks

The estimated risks for women with a T-score of
-2.5 SD and no prior fracture are shown in
Table 5.

Death due to hip fracture

The percentages of deaths 1 year after a hip
fracture that were assumed to be directly
attributable to the fracture are given in Table 7.

First entry to nursing home after hip fracture
The percentage of women who are assumed to
move from community living to a nursing home
following a hip fracture is given in Table §.

Sustained a non-fatal CHD event
The assumed risks of suffering a non-fatal CHD
event are contained in Table 9.

Death due to CHD
The assumed risks of suffering a fatal CHD event
are contained in Table 9.

Risk of contracting breast cancer

The assumed risks of contracting breast cancer are
given in Table 10. These data have been adjusted
for the association between low BMD and
decreased risk of breast cancer.®?

Death due to breast cancer

The risk of dying from breast cancer is considered
on page 10. These data have been adjusted for the
association between low BMD and decreased risk
of breast cancer.*?

Death due to other causes

These were computed from interim life tables and
adjusted for deaths due to CHD and breast cancer.
Note that excess mortality is assumed for low

BMD, as reported by Browner and colleagues.
The data are presented in Table 11.

35

Events that impact on the transition probabilities
of other events

The model has the facility to allow prior patient
states to influence the transition matrix. This is
needed since the risk of a secondary fracture, at
any site, is higher than the risk before an initial
fracture.

All fracture states

A prior fracture substantially increases the risk of
subsequent fractures. The meta-analysis of
Klotzbuecher and colleagues15 was used, with
some additional assumptions. The increased risks
due to prior fractures are given in Table 2.

Review of health state values associated
with osteoporosis

A review was undertaken to identify the best
available utility estimates. The health state utility
values (HSUVs) include osteoporosis, severe
osteoporosis, hip fracture, vertebral fracture, wrist
fracture, proximal humerus fracture, breast cancer
and CHD. Previous economic evaluations of the
prevention and treatment of osteoporosis have
relied on the use of assumptions or judgements
obtained from expert panels, such as the recent
review undertaken by the National Osteoporosis
Foundation (NOF),?!? rather than use empirical
evidence to value these health states. This has
been recognised as one of the main weaknesses of
work in this area.?!3214 Recently, several studies
have elicited health state valuations for many of
these states using recognised preference-based
measures of health-related quality of life, such as
the EuroQol 5 Dimensions (EQ-5D) or (HUI-III),
or direct preference elicitation techniques such as
time trade-oft (TTO) or standard gamble. The
purpose of this section is to update an existing
systematic review?"’ to identify the best available
HSUYV associated with the consequences of
established osteoporosis and its treatment.

Identifying the studies

The review drew on papers identified from a series
of systematic searches undertaken for an HTA
review of treatment for osteoporosis.207 These
include searches of papers reporting economic
evaluation of the prevention and treatment of
osteoporosis, and those reporting on quality of life
associated with the main fracture states, breast
cancer and CHD. Studies were identified through
searches of electronic databases, handsearching,
citation searching, reference list checking and
those known to researchers involved in the HTA
review (see Appendix 8). For comparison,
normative HSUV data have been presented by age
group for the UK.21

Results

The HSUVs for fractures were found to differ
considerably from the assumptions used in
previously published economic evaluations in this
area (Table 1). The value used in the NOF
report?!? for vertebral fractures of 0.97, for
example, compares with values ranging from 0.31
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TABLE 64 HSUVs used in the model?

Health state Value

Established osteoporotic

Hip fracture First year: 0.83

(95% Cl1 0.72 to 0.96)

Source

Use values associated with the type of fracture (see below)

Murray et al., 20022'¢

Second and subsequent years: 0.925

(95% Cl1 0.81 to 1.05)
Nursing home 0.4

Vertebral fracture First year: 0.83

NOF, 19982'2
Oleksik et al., 2000%'7

Second and subsequent years: 0.93

Wrist fracture in first year First year: 0.981

(95% CI 0.978 to 0.986)

Second and subsequent years: |

Proximal humerus First year: 0.794

Dolan et al., 19992'8

Kanis et al., 2004%'

Second and subsequent years: 0.973

Breast cancer 0.62
(Assumed range 0.33 to 0.84)
CHD 0.85

Hutton et al., 19962"°

Assumption

9 These values are the multipliers for the proportionate effect of a fracture on HSUVs in the first and, when possible, for

subsequent years.

to 0.91. These empirical estimates were obtained
using a recognised preference elicitation
procedure, but there is a considerable range of
values for each of the health states. This range
reflects a number of differences in the derivation
of the estimates including: the source of values,
what is being valued, how long after the fracture
the assessment was undertaken, the valuation
technique and the anchor states used in the
valuation task. The selection of estimates for the
model involves both technical and value
judgements, which are discussed in Appendix 14.

Selection of values for the model

The justification for the final selection of states
used in the model is given in Appendix 14 and
shown in Table 64 with 95% confidence intervals.
The values are ‘multipliers’ for the proportionate
effect that the fracture (or CHD and breast cancer)
has on an HSUV. The multiplier should be
applied to the age/gender HSUVs of patients
without a fracture being used in the model.

Cost data

This report uses the costs reported in Kanis and
colleagues,?’” having inflated, where applicable to
2001/02 prices.??” The costs of fatality were
inadvertently omitted from the parameters that
were varied, thus these have remained constant at
the 1999/2000 value. This error is not expected to
have significant impact on the cost-effectiveness

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

ratios, but will slightly favour no treatment over
interventions with beneficial effects on hip and
breast cancer.

The costs presented were estimated following a
systematic literature review. These were divided
where possible, into first year costs and costs that
are assumed to be paid for the remainder of a
patient’s lifetime. The costs were also weighted by
patient age, based on data regarding the length of
stay in hospital and patient age. The full
methodology is presented in detail by Kanis and
colleagues,?’” with the updated costs given in Tuble
65. These costs were used as the input to the cost-
effectiveness model.

The cost of a GP visit was estimated at £17.50 and
the cost of a BMD scan at £34.

Calculation of the cost-effectiveness of
each intervention

Having formulated a statistical relationship via
Gaussian process modelling techniques, an
extensive analysis of the uncertainty relating to the
efficacy of each intervention could be undertaken.
For each treatment, 1000 values for efficacy of
each type of fracture (and breast cancer for
raloxifene) were selected by Monte Carlo methods,
assuming log-normal distributions and assuming
independence in the relationship between the
selected relative risks. From these samples the
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TABLE 66 Cost for each intervention per annum

Intervention Assumed dosage

Cost per annum (£)

Alendronate 10 mg per day 301
Risedronate 5 mg per day 284
Etidronate 400 mg per day for 14 days in a 90-day cycle 163
Raloxifene 60 mg per day 257
Teriparatide 20 pg per day 3546
Oestrogen 625 g per day 58

Gaussian model generated 1000 cost and QALY
estimates. These formed the basis for the
estimated mean cost per QALY compared with no
treatment and the 90% confidence intervals.

The mean cost per QALY is calculated as the
mean cost difference divided by the mean QALY
difference for the 1000 points sampled from the
intervention efficacy and the estimated value at no
treatment. Confidence intervals were calculated by
ranking the 1000 cost per QALYs from most
favourable to the intervention to least favourable,
and cropping the data symmetrically to form the
required interval.

These confidence intervals reflect genuine
uncertainty around the estimate rather than
random noise. As the results were generated from
a statistical relationship, any differences in the
mean cost per QALY and the confidence intervals
between treatments are due solely to the relative
risks around efficacy.

The advantage of the Gaussian process technique
is that given the same starting assumptions, the
results for a new drug with defined relative risks
can be instantly calculated with the benefits
associated with an individual patient methodology
retained.

The cost-effectiveness analysis stopped after a time
horizon of 10 years. In order that the loss of life
due to fractures or breast cancer was taken into
consideration the expected QALY of an average
person from the end of the model until death was
calculated. This was then multiplied by the
number of hip mortalities that were expected to be
saved by the intervention, or expected to be caused
when the hip fracture relative risk was greater than
one. This same methodology was also applied to
the expected mortalities from breast cancer. (see
Appendix 13 for the full methodology). A similar
methodology for assessing the effect of associating
mortality with vertebral fractures is also contained
in Appendix 13.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Scenario analyses

The default analysis for each treatment was the
efficacies taken from the meta-analysis of RCTs.
Where there were wide confidence intervals that
span unity, a secondary analysis was performed
assuming that the intervention has no effect on
that condition. Where there was a paucity of RCT
data and observational data existed, these were
also examined.

Costs of the interventions

The cost for each intervention is given in Table 66.
The interventions of calcitriol and calcium were
not evaluated owing to the lack of evidence
showing a significant effect on fracture rates.

Results

The results section has been divided into two
categories: analyses assessing patients who have
suffered a previous fracture, and those patients
who have not. These categories have been further
subdivided. One set of analyses concentrated on
women at the threshold of osteoporosis (a 7T-score
of —2.5 SD). Estimating the cost-effectiveness at
this threshold put a maximum limit on the cost
per QALY value for women with osteoporosis. A
second analysis was conducted assuming that the
fracture risks are double those seen in women at
the threshold of osteoporosis, which may be due to
lower T-score values (-3.22 SD) or to non-skeletal
factors, such as smoking or a history of maternal
hip fracture. The cost-effectiveness ratio, in terms
of cost per QALY, will be significantly better in this
group for each intervention.

Calculation of cost per QALY values was
undertaken at the ages of 50, 60, 70 and 80 years.
However, it must be stressed that the results at the
extremes of these age ranges may be questionable
since within RCT5s of osteoporosis interventions
these patients represent a small minority. Indeed,
an RCT*?! that assessed the efficacy of risedronate
in women aged over 80 years, but not selected
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TABLE 67 Costs incurred and QALYs accrued from no
treatment in women with previous fractures and T-scores of —2.5
QALYs accrued

Age (years) Cost incurred (£)

50 103,572 711.97
60 149,267 683.12
70 186,818 550.43
80 488,050 391.42

owing to prior vertebral fracture or BMD status,
showed a non-significant benefit in preventing
fractures. The applicability of results at 80 years of
age may be questionable, in that an increasing
incidence of falls may reduce the efficacy of any
intervention.

The cost-effectiveness values of each intervention
were calculated against an option of no treatment,
with the assumption that all women had sufficient
intakes of calcium and vitamin D. This value
allowed an evaluation of whether the intervention
is worth purchasing compared to the no treatment
option, given various cost per QALY thresholds.

For those interventions that may be deemed cost-
effective, further analyses were conducted to rank
the order of cost-effectiveness at the specified cost
per QALY threshold by calculating the
incremental cost-effectiveness ratio (ICER)
between pairs of drugs.

Ilustrative analyses were performed assuming a
cost per QALY threshold of £30,000; the results
presented may change were different threshold
values used.

Estimated cost-effectiveness ratios for
each intervention in women with severe
osteoporosis and with a T-score of -2.5
No treatment (intake of calcium and vitamin D
assumed adequate)

A measure of the cost-effectiveness of an
intervention is to compare it with a no treatment
option, which for osteoporosis is assumed to be
calcium and vitamin D supplements. To calculate
this cost-effectiveness ratio the estimated costs and
QALYs associated with a no treatment option must
be calculated. These are presented in Table 67.

As expected, the costs incurred increase with age
owing to the increase in fracture incidence.
Conversely, the QALYs accrued decline as a
consequence of the increased fractures, increased
mortality rates and the lower utility assumed per
annum as a woman ages.?!5 All the results
presented are summated for a cohort of 100
women.

For each intervention the costs incurred and the
QALYs accrued are estimated, based on Monte
Carlo sampling for the efficacy distribution. The
marginal costs incurred and QALYs accrued are
then calculated by subtracting those associated
with no treatment. Dividing the marginal cost by
the marginal QALY gives the expected cost per
QALY ratio. A 95% confidence interval was
estimated from the Monte Carlo analyses. The
primary efficacy data were taken from RCTs;
however, where there is ambiguity over from which
population the efficacy data should be taken, or
where the confidence interval for the relative risk
is very wide and spans unity, the results from a
number of different scenarios are given.

The treatment duration for all interventions bar
teriparatide was assumed to be 5 years, with an
associated fall time of 5 years. For teriparatide, the
treatment duration was assumed to be 18 months,
followed by 42 months of full efficacy and a fall
time of 1 year.

Where an intervention is estimated to be cost-saving
and produces an increase in QALYs, the intervention
is said to be dominating compared with no treatment.
Where the costs accrued are greater; but there has
been a reduction in QALYs, the intervention is said to
be dominated compared with no treatment.

Alendronate

The efficacy data for alendronate were seen to be
comparable in women with severe osteoporosis
alone and in women with severe osteoporosis and
osteoporosis combined. The efficacy data from the
combined group of severe osteoporosis and
osteoporosis were used (1able 68) since the point
values are similar and the confidence intervals are
narrower owing to the larger number of patients
analysed.

The reduced cost per QALY at 70 and 80 years is
to be expected for interventions that reduce hip
and vertebral fractures, which have the greatest
incidents at these ages. The cost per QALY at 60
years is greater than that at 50 years of age, owing
to the lower number of vertebral fractures
expected at this age (Table 69).

A cost-effectiveness acceptability curve (CEAC) for
one intervention is a graphical method of
displaying the probability that the cost per QALY
of an intervention is equal to, or below, a given
threshold level, compared with no treatment. This
approach allows for some quantification of the
uncertainty surrounding the mean cost per QALY
value for an intervention. For example, in Figure
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TABLE 68 Assumed efficacy of alendronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis)

Vertebral Hip Wrist Proximal humerus

RR (95% ClI) 0.53 (0.42 to 0.67) 0.46 (0.23 t0 0.91) 0.48 (0.31 to 0.75) Assumed no effect

TABLE 69 Cost-effectiveness of alendronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen
in patients with severe osteoporosis or osteoporosis)

Age (years) Cost incurred (£)° QALYs accrued Marginal costs (£)® Marginal QALYs® Cost per QALY (£)

(95% CI)
50 252,496 716.40 148,924 443 33,621
(23,871 to 77,272)
60 288,019 686.61 138,752 3.49 39,733
(28,022 to 72,990)
70 281,796 556.04 94,979 5.6l 16,934
(9,742 to 44,277)
80 492,576 397.91 4,527 6.49 697

(Dominating to 30,663)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.
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FIGURE 33 CEACs for alendronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis)

33, it is estimated that at 70 years of age the Risedronate

probability that the cost per QALY would be below  The efficacy data for risedronate seen in women

£20,000 is approximately 70%. The value at which with severe osteoporosis were used for this analysis

a line intersects the y axis is the proportion that a (Table 70).

treatment is dominant. In Figure 33, at the age of

80 years the treatment is dominant approximately The cost per QALY ratio decreases as the age

50% of the time. increases owing to the greater incidence of
fractures (Table 71). The cost per QALY values

It is seen that at 80 years of age the cost per range from £46,596 at 60 years to £5002 at

QALY value is very rarely above £20,000. 80 years of age.
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TABLE 70 Assumed efficacy of risedronate in women with previous fractures and T-scores of —2.5 (using the relative risks seen in

patients with severe osteoporosis or osteoporosis)

Vertebral Hip
RR (95% ClI) 0.63 0.60
(0.51 t0 0.78)

(0.42 to 0.88)

Wrist Proximal humerus
0.68 0.46
(0.43 to 1.08) (0.23 to 0.94)

TABLE 71 Cost-effectiveness of risedronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in

patients with severe osteoporosis or osteoporosis)

Age (years) Costincurred QALYs accrued

£)°
50 248,703 715.40
60 284,666 686.02
70 290,414 555.14
80 514,540 396.70

Marginal costs
(£)° (95% CI)

Marginal QALYs® Cost per QALY (£)

145,131 3.43 42,268

(30,154 to 78,619)

135,399 291 46,596

(33,166 to 84,694)

103,596 4.71 22,001

(13,991 to 43,226)

26,490 5.28 5,022

(Dominating to 27,253)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.
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FIGURE 34 CEACs for risedronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in patients

with severe osteoporosis)

Figure 34 shows that the cost per QALY ratio at

80 years of age is very rarely greater than £20,000.

Etidronate

Efficacy data on preventing vertebral fractures for
etidronate were similar for women with severe
osteoporosis and women with severe osteoporosis,
osteoporosis or osteopenia. The data from the
combined group were used (Table 72) owing to the
reduced confidence intervals. Because of the

extremely wide confidence intervals for efficacy
around hip fractures (0.05 to 5.34) and other non-
vertebral fractures (0.12 to 3.82), it was assumed
that the drug has no effect on these sites.

Etidronate was more cost-effective at 70 years than
at 80 years of age, owing to the greater incidence
of vertebral fractures at 70 years, which is the only
fracture site that etidronate has been assumed to
aftect (Table 73). At 70 years the average cost per
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TABLE 72 Assumed efficacy of etidronate in women with previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis or osteoporosis assuming no effect on non-vertebral fractures)

Vertebral Hip Wrist Proximal humerus
RR (95% CI) 0.40 Assumed no effect Assumed no effect Assumed no effect
(0.20 to 0.83)

TABLE 73 Cost-effectiveness of etidronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)

Age (years) Costincurred QALYs accrued Marginal costs Marginal Cost per QALY (£)
£)° ) QALYs? (95% CI)

50 209,100 713.30 105,528 1.34 78,960
(62,236 to 123,556)

60 252,998 684.24 103,730 1.16 89,079
(70,276 to 139,219)

70 276,196 553.44 89,378 3.0l 29,742
(22,952 to 47,849)

80 563,001 392.97 74,951 1.54 48,521

(36,882 to 79,718)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.
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FIGURE 35 CEACs for etidronate in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in patients
with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)

QALY of etidronate was below £30,000, at 80 years ratios fell to £43,903, £51,182, £18,554 and
the cost per QALY was greater than £40,000, and £13,226 at the ages of 50, 60, 70 and 80 years,
the value was greater than £70,000 at both 50 and respectively. The efficacy figures were the upper

60 years of age. bound of the reported 95% confidence intervals.
These were taken as non-varying parameters and

Additional analyses were undertaken for as such a confidence interval around the cost-

etidronate, using observational data from van Staa effectiveness of etidronate was not calculated for

and colleagues.?”? In line with the etidronate this scenario.

submission,*® the analyses used a 15% reduction

in hip fractures and an 8% reduction in wrist The CEACs are quite tight (Figure 35). However,

fracture. In these analyses the cost per QALY excluding the results from 70 years of age,

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.
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TABLE 74 Assumed efficacy of raloxifene in women with previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis or osteoporosis, and assuming no effect on non-vertebral fractures)

Vertebral Hip
RR (95% ClI) 0.65 Assumed
(0.53 t0 0.79) no effect

Wrist Proximal humerus Breast cancer
Assumed Assumed 0.38
no effect no effect (0.24 to 0.58)

TABLE 75 Cost-effectiveness of raloxifene in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)

Age (years) Costincurred QALYs accrued Marginal costs Marginal Cost per QALY (£)
£)° (£)° QALYs® (95% CI)

50 247,798 716.74 144,226 4.78 31,189
(24,974 to 42,183)

60 266,744 688.79 117,477 5.68 20,696
(16,154 to 31,933)

70 314,697 554.70 127,880 4.26 29,993
(24,487 to 40,860)

80 573,901 395.47 85,851 4.05 21,183

(16,247 to 32,452)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.

etidronate never has a cost per QALY below
£40,000. When the observational data were
included the cost per QALY was below £20,000 at
both 70 and 80 years of age.

Raloxifene
[Commercial-in-confidence information removed. |

The efticacy data for raloxifene were taken from
patients with severe osteoporosis and osteoporosis,
owing to the similarity of results compared with
severe osteoporosis alone, and the reduced
confidence intervals (Table 74). Because of the
wide confidence intervals that straddled unity it
was assumed that the intervention had no effect
on non-vertebral fractures. Raloxifene has been
proven to have a significant effect in reducing
breast cancer events, data for which were taken
from Cauley and colleagues,'*® assuming the
reduction seen in all breast cancer events. It was
also seen that raloxifene has a significant effect on
the incidence of cardiovascular events in patients
at high risk; however, this effect was not significant
for the entire population.

Assuming that raloxifene impacts only on
vertebral fracture and breast cancer, the cost per
QALY is below £30,000 at 60 years of age and

above (Table 75). At 50 years of age it is above but
close to £30,000.

A key factor in the cost-effectiveness value for
raloxifene is the impact on breast cancer. This
evaluation has assumed a relationship between low
BMD and reduced incidence of breast cancer, as
reported in large epidemiological studies,®*%
which result in the incidence being reduced by
47% the incidence at 50 years, declining to a 10%
reduction at 80 years of age. The raloxifene
submission® assumes no link, which will greatly
reduce the cost per QALY of the intervention in
the younger age groups.

Raloxifene has a cost per QALY value that is rarely
greater than £40,000 (Figure 36)

Caveat on raloxifene results

Great caution must be taken when interpreting the
results for raloxifene, as the main constituent of the
health gain was through reduction in breast cancer
incidents rather than fracture reductions.
Additional analyses were undertaken to evaluate
separately the beneficial effects of the reduction of
vertebral fractures and the reduction in the number
of breast cancer cases. The effect of breast cancer
reduction was far greater than the effect of vertebral
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FIGURE 36 CEACs for raloxifene in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in patients
with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)
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FIGURE 37 Comparative effects of reduced vertebral fracture and reduced breast cancer incidence due to raloxifene treatment

fracture reduction at the ages of 50, 60 and 80
years. At 70 years of age, where the incidence of
vertebral fractures was greatest, the health gains
from vertebral fracture reduction and breast cancer
reduction were more similar (Figure 37).

The model was developed as an osteoporosis
model and the breast cancer reduction was initially
designed as an extra feature of this model. As
such, average figures were used for the costs of
breast cancer (set to approximately £8500), the
mortality associated with breast cancer
(approximately 32% with an associated cost of
£12,000) and the reduction in QALYs due to a
non-fatal event (assumed to be a multiplier of
0.62). If it is the case that the reduction in breast
cancer events comprised those that were less likely
to be fatal or costly, or both, then the results for
raloxifene would dramatically change. Similarly, if

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

the duration for the breast cancer to manifest itself
was a long period, then assuming that the impacts
were instantaneous, as the appraisal model does,
would greatly overestimate the cost-effectiveness of
the intervention.

To ascertain the true cost-effectiveness of
raloxifene a model accurately simulating the
experiences of breast cancer patients, including
the different stages of severity, is required.

Assuming no effect on breast cancer or non-
vertebral fractures greatly affected the cost per
QALY ratio, rising to over £100,000 at 50, 60 and
80 years, and above £70,000 at 70 years of age.

Teriparatide
Efficacy data from RCTs for teriparatide were
found only for patients with severe osteoporosis
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TABLE 76 Assumed efficacy of teriparatide in women with previous fractures and T-scores of —2.5 (using the relative risks seen in

patients with severe osteoporosis)

Vertebral Wrist Proximal humerus
RR (95% ClI) 0.35 0.54 0.80
(0.22 to 0.55) (0.09 to 2.73) (0.22 to 1.35) (0.22 to 2.98)

TABLE 77 Cost-effectiveness of teriparatide in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen

in patients with severe osteoporosis)

Age (years) Cost incurred QALYs accrued

£y
50 661,316 714.41
60 702,620 685.18
70 717,187 554.37
80 974,697 395.37

Marginal costs

Marginal QALYs®  Cost per QALY (£)

(£)° (95% CI)
557,744 2.45 227,976
(110,368 to Dominated)
553,353 2.06 268,104
(129313 to Dominated)
530,370 3.94 134,728
(69,716 to Dominated)
486,629 3.95 123,205

(45,654 to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.

(1able 76). The data for hip, wrist and proximal
humerus had very wide confidence intervals and a
second analysis was undertaken assuming that the
intervention had no effect at these sites.

[Commercial-in-confidence information removed. |

The modelling assumptions were very favourable
towards teriparatide as the model assumed 3.5
years of full sustained effect after cessation of
treatment followed by a period of 1 year linear
decline to a no treatment level. This assumption
resulted in the estimated cost per QALY being
lower than expected.

The average cost per QALY ratio for teriparitide
does not fall below £100,000 at any age (Table 77).

Since the efficacy data on hip fracture had a wide
confidence that spans unity, the CEACs are wide
(Figure 38), with the drug being dominated
approximately 10% of the time. This value cannot
be seen on the graph as the x axis has been
cropped at £250,000.

In the second analysis, which assumes that
teriparatide has no effect on hip, wrist and
proximal humerus fractures (1able 78), the average
cost per QALY ratio for teriparatide does not fall

below £200,000 at any age (Zable 79). The cost-
effectiveness ratio is better at 70 than at 80 years
of age owing to the higher incidence of vertebral
fractures at this age.

Figure 39 shows that the cost per QALY ratio does
not fall below £150,000 at any age.

Oestrogen (HRT)

Efficacy data for oestrogen were taken from
patients with severe osteoporosis (Table 80). No
data were available individually for hip, wrist and
proximal humerus fractures. The confidence
interval around non-vertebral fractures was high
and it was assumed that the intervention would
only affect vertebral fractures. Efficacy data from
RCTs for other patient groups were so wide that it
was assumed there was no effect at any fracture
site, which would result in the intervention never
being cost-effective. The increased risk of breast
cancer was taken from Beral and colleagues.?”

As oestrogen has been licensed for many years a
secondary analysis was undertaken allowing
observational data on fractures to be used. These
data were taken from Cauley and colleagues,?**
assuming multivariate adjusted values for women
with a history of osteoporosis. It was assumed that
oestrogen had no effect on CHD owing to the
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FIGURE 38 CEACs for teriparatide in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis)

TABLE 78 Assumed efficacy of teriparatide in women with previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis and assuming no effect on hip, wrist or proximal humerus fractures)

Vertebral Hip Wrist Proximal humerus
RR (95% ClI) 0.35 Assumed no effect Assumed no effect Assumed no effect
(0.22 to0 0.55)

TABLE 79 Cost-effectiveness of teriparatide in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen
in patients with severe osteoporosis, and no effect of hip, wrist or proximal humerus fracture)

Age (years) Cost incurred QALYs accrued Marginal costs  Marginal QALYs®  Cost per QALY (£)

(£)° (£ (95% ClI)

50 669,651 712.97 566,079 1.00 564,864
(465,181 to 800,512)

60 714,601 684.02 565,334 0.90 625,603
(515,257 to 886,445)

70 742,189 552.95 555,371 2.5 221,130
(181,709 to 314,315)

80 1,036,163 392.80 548,113 1.38 396,184

(325,143 to 564,116)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.

non-significant effect reported by Beral and Owing to the wide confidence interval around

colleagues.? The point estimate was, however, vertebral fractures which spans unity and the

greater than unity; if this value were true the cost adverse effect on breast cancer, oestrogen is

per QALY of oestrogen would rise markedly. dominated more than 65% of the time at 50, 60
and 80 years, and 35% of the time at 70 years of

Oestrogen has a relatively small acquisition price. age (Figure 40).

Assuming data on efficacy from RCTs only, it is

dominated at all ages except for 70 years, where it In the secondary analysis, which incorporates

has a cost-effectiveness ratio above £60,000 observational data (Table 82), the average cost-

(Table 81). This is due to the higher risk of effectiveness ratio is dramatically difterent across

vertebral fractures at 70 years. ages (1able 83). The adverse effects on breast
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FIGURE 39 CEACs for teriparatide in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis, and no dffect on hip, wrist and proximal humerus fractures)

TABLE 80 Assumed efficacy of oestrogen in women with previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis)

Vertebral Hip Wrist Proximal humerus Breast cancer
RR (95% ClI) 0.58 Assumed Assumed Assumed 1.27
(0.26 to 1.30) no effect no effect no effect (1.02 to 1.56)

TABLE 81 Cost-effectiveness of oestrogen in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis)

Age (years) Cost incurred QALYs accrued Marginal costs  Marginal QALYs®  Cost per QALY (£)

(£)° (£)° (95% CI)
50 165,726 710.99 62,155 -0.98 Dominated
(69,857 to Dominated)
60 221,180 681.58 71,913 -1.54 Dominated
(98,744 to Dominated)
70 238,285 551.17 51,468 0.74 69,585
(15,177 to Dominated)
80 542,228 390.96 54,178 -0.46 Dominated

(33,874 to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.

cancer are more pronounced at 50 and 60 years of By incorporating observational data the CEACs

age, owing to the relatively low incidence of hip become much flatter owing to the wide confidence
fracture. At 50 years the ratio is over £600,000 interval surrounding the efficacy of hip fracture
and at 60 years of age it is dominated by no (Figure 41). Oestrogen is dominated by no
treatment. At 70 and 80 years of age the ratio is treatment on approximately 20% of occasions, at
£24,585 and £13,258, respectively, owing to the 70 and 80 years of age.

effect on hip fracture reduction. The confidence

intervals around these results are very large, and Summary of treatment results assuming a woman
at 70 and 80 years of age they span from at the threshold of osteoporosis and with a prior
dominating to dominated. fracture

100 Results given are for a cohort of 100 women.
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FIGURE 40 CEACs for oestrogen in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in patients
with severe osteoporosis)

TABLE 82 Assumed efficacy of oestrogen in women with previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis and observational data)

Vertebral Hip Wrist Proximal humerus Breast cancer
RR (95% ClI) 0.58 0.86 0.32 0.63 1.27
(0.26 to 1.30) (0.42 to 1.75) (0.13 t0 0.78) (0.45 to 0.89) (1.02 to 1.56)

TABLE 83 Cost-effectiveness of oestrogen in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis and using observational data)

Age (years) Cost incurred QALYs accrued Marginal costs Marginal QALYs®  Cost per QALY (£)

(£)° (£)° (95% CI)
50 159,623 712.06 56,051 0.09 616,891
(1'1,169 to Dominated)
60 211,140 682.56 61,873 -0.56 Dominated
(13,237 to Dominated)
70 225,156 551.99 38,339 1.56 24,584
(Dominating to Dominated)
80 509,406 393.03 21,356 1.6l 13,258

(Dominating to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment in women with sufficient calcium and vitamin D intakes.

50 years of age 70 years of age

The most cost-effective drug for women aged 50 At 70 years of age the most cost-effective drug is

years at the threshold of osteoporosis is raloxifene alendronate, with an average cost per QALY ratio

(Table 84). The average cost per QALY ratio is under £20,000 (Table 86). Risedronate has an

£31,189. average cost per QALY of £22,000. Etidronate has
an average cost per QALY below £20,000 if

60 years of age observational data are incorporated.

At 60 years of age the most cost-effective drug is

raloxifene (7able 85). The cost per QALY ratio is 80 years of age

approximately £20,696. At 80 years of age, both alendronate and
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FIGURE 41 CEACs for oestrogen in women with previous fractures and T-scores of —2.5 (assuming the relative risks seen in patients
with severe osteoporosis and using observational data)

TABLE 84 Cost-effectiveness for each treatment at 50 years of age

Intervention

Alendronate
Risedronate
Etidronate
Etidronate®
Raloxifene*
Teriparatide
Teriparatide®
Oestrogen
Oestrogen?

Marginal cost (£)° Marginal QALY“ Average cost per 95% CI°
QALY®
148,924 4.43 33,621 23,871 to 77,272
145,131 3.43 42,268 30,154 to 78,619
105,528 1.34 78,960 62,236 to 123,556
100,443 2.29 43,903 Not calculated
144,226 4.78 31,189 24,974 to 42,183
557,744 2.45 227,976 110,368 to Dominated
566,079 1.00 564,864 465,181to 800,512
62,155 -0.98 Dominated 69,857 to Dominated
56,051 0.09 616,891 11,169 to Dominated

* See caveat on all raloxifene results.

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.

¢ Assuming skeletal effect on vertebral fractures only.

¢ Incorporating observational data on hip, wrist and proximal humerus fractures.

TABLE 85 Cost-effectiveness for each treatment at 60 years of age

Intervention

Alendronate
Risedronate
Etidronate
Etidronate®
Raloxifene*
Teriparatide
Teriparatide®
Oestrogen
Oestrogen?

Marginal cost (£)° Marginal QALY“ Average Cost per 95% CI¢
QALY“

138,752 3.49 39,733 28,022 to 72,990
135,399 291 46,596 33,166 to 84,694
103,730 .16 89,079 70,276 to 139,219
96,718 1.89 51,182 Not calculated
117,477 5.68 20,696 16,154 to 31,933

553,353 2.06 268,104 129,313 to Dominated

565,334 0.90 625,603 515,257 to 886,445
71913 —1.54 Dominated 98,744 to Dominated
61,873 -0.56 Dominated 13,237 to Dominated

* See caveat on all raloxifene results.

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.

¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.
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TABLE 86 Cost-effectiveness for each treatment at 70 years of age

Intervention Marginal cost (£)°

Alendronate 94,979 5.61
Risedronate 103,596 4.71
Etidronate 89,378 3.01
Etidronate® 74,150 4.00
Raloxifene* 127,880 4.26
Teriparatide 530,370 3.94
Teriparatide® 555,371 2.51
Oestrogen 51,468 0.74
Oestrogen? 38,339 1.56

* See caveat on all raloxifene results.

Marginal QALY"

Average cost per 95% CI°

QALY?
16,934 9,742 to 44,277
22,001 13,991 to 43,226
29,742 22,952 to 47,849
18,554 Not calculated
29,993 24,487 to 40,860

134,728 69,716 to Dominated

221,130 181,709 to 314,315
69,585 15,177 to Dominated
24,584 Dominating to Dominated

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.

b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

TABLE 87 Cost-effectiveness for each treatment at 80 years of age

Intervention Marginal cost (£)°

Alendronate 4,527 6.49
Risedronate 26,490 5.28
Etidronate 74,951 1.54
Etidronate® 39,628 3.00
Raloxifene* 85,851 4.05
Teriparatide 486,629 3.95
Teriparatide® 548,113 1.38
Oestrogen 54,178 —-0.46
Oestrogen? 21,356 1.6l

* See caveat on all raloxifene results.

Marginal QALY“

Average cost 95% CI°
per QALY“
697 Dominating to 30,663
5,022 Dominating to 27,253
48,521 36,882 t0 79,718
13,226 Not calculated
21,183 16,247 to 32,452
123,205 45,654 to Dominated
396,184 325,143 to 564,116
Dominated 33,874 to Dominated
13,258 Dominating to Dominated

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.

b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

risedronate have cost per QALYs under £6,000
(Table 87). If observational data are included for
etidronate it also has a cost per QALY below
£15,000. If observational data on fracture are
included for oestrogen the average cost per QALY
is also below £15,000, but there is a very wide
confidence interval around this figure. Raloxifene
has a cost per QALY slightly above £20,000.

However, caution must be applied when
interpreting these results, since the efficacy
assumptions are from a weak evidence base, as
women at this age only represent a small minority
of patients in RCTs.

Incremental analyses
The intervention with the lowest cost per QALY

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

ratio is not always the intervention that is optimal
for society to use. As a hypothetical example, it is
assumed that society is willing to pay £30,000 per
QALY, and that the options are no treatment,
intervention A and intervention B. Intervention A
has a marginal cost of £500 and marginal QALY of
0.1 compared with no treatment. These values are
£50,000 and 2 for intervention B. Thus, the cost per
QALY ratio, compared with no treatment, is £5000
and £25,000, respectively. Comparing interventions
A and B, the incremental cost of intervention B

is £45,000 and incremental QALY is 1.9. The
ICER of intervention B compared with A is
45,000/1.9 = £23,684, which is below the threshold
that society is willing to pay, and thus intervention
B is the optimal treatment despite having a higher
cost per QALY ratio than intervention A.
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TABLE 88 Optimal order of interventions at each age band for women at the threshold of osteoporosis and with a prior fracture,

assuming a maximum cost per QALY threshold of £30,000

Age (years)

50 60

Raloxifene*
No treatment

No treatment

* See caveat on all raloxifene results.

70 80
Alendronate Alendronate
Etidronate’ Risedronate
Risedronate Etidronate”
Oestrogen® Raloxifene*
Etidronate Oestrogen®
Raloxifene* No treatment

No treatment

9 Assuming observational data on hip, wrist and proximal humerus fracture.
b Assuming observational data on hip, wrist and proximal humerus fracture, and breast cancer.

Optimal interventions are therefore calculated by
ranking the interventions in order of ascending
health gain and initially comparing the two least
effective treatments. If the incremental cost per
QALY between the more effective treatment and
the lesser is below the cost per QALY threshold,
the more effective treatment is selected as optimal.

Similar comparisons are then iteratively conducted

between the current optimal treatment and the
next most effective treatment, until the most
eftective intervention is reached, and the optimal
treatment is calculated.

The optimal order of interventions at each age
band was calculated assuming a cost per QALY
threshold of £30,000. These are presented in
Table 88. These results were calculated assuming
that the treatments are mutually exclusive (e.g. a
woman would not take both raloxifene and
risedronate). In cost-effectiveness terms the
intervention ranked highest should be identified
as the first line treatment. If, however, a woman
cannot tolerate this intervention, the next
intervention should be adopted, until the no
treatment option is reached.

CEAC:s for all interventions

A CEAC plotted with more than one intervention
differs substantially from the CEAC of one
intervention against no treatment. A defining
characteristic is that the summation of the
probabilities of each treatment being optimal is
equal to 100%, and that a line for no treatment is
explicitly drawn as opposed to being implied in
the single intervention diagram.

CEAC:s are calculated by calculating the net

benetfit of each treatment at different thresholds of

cost per QALY (A). The net benefit for an

intervention is calculated as the marginal increase
in QALYs compared with no treatment multiplied
by A, with the marginal increase in costs compared
with no treatment being subtracted. The net
benefit of no treatment (as the option against
which all interventions are compared) is set by
definition to zero.

The option that gave the greatest net benefit for
each of the 1000 Monte Carlo samples was
recorded and summated to estimate the
proportion of times that each intervention would
be the optimal selection. The 1000 samples were
randomly shuftled for each intervention to avoid
the situation where selections from the lower tail
of the efficacy distributions for one treatment
would be associated with similar selections for the
remaining interventions.

The default scenarios were used to calculate the
CEAGCs presented in Figures 42—45. For clarity
reasons, any intervention that did not have a
probability of being optimal greater than 2.5% was
omitted from the figures.

It can be seen from the multiple intervention
CEACs and assuming a cost per QALY threshold
of £30,000 that the intervention with the most
probability of being optimal is raloxifene at

50 years, no treatment at 60 years, and
alendronate at 70 and 80 years of age. These
analyses are presented for completeness of
health economic analyses; however, it should be
noted that although alendronate appears

to be favoured over risedronate no head-to-head
trials have been conducted, and that the

trials on which efficacy data are based differ in
some respects, including the type of patients
involved.
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FIGURE 43 CEAC for all interventions at 60 years of age, for women at the threshold of osteoporosis with a previous fragility fracture
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FIGURE 44 CEACS for all interventions at 70 years of age, for women at the threshold of osteoporosis with a previous fragility fracture
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FIGURE 45 CEAC for all interventions at 80 years of age, for women at the threshold of osteoporosis with a previous fragility fracture

Sensitivity analyses
Sensitivity analyses were conducted around the
following parameters, one at a time:

¢ incorporating the effects of morphometric
fractures

e assuming that the effect on vertebral fracture
was much greater in the first year, by assuming
a multiplier of 0.63 rather than 0.83

e analysing the assumption of a 1-year fall time,
rather than 5 years.

None of these factors was seen to change the

cost per QALY ratios to any great extent. The

full analyses are given in Appendix 15. The
impact of these changes was to adjust the cost per
QALY of all the interventions; as such, the ranking
of the interventions was expected to remain
constant.

Further sensitivity analyses were undertaken to
estimate the cost-effectiveness ratio at the age of
65 years, as there was a wide difference between
the cost-effectiveness ratios at 60 years and at

70 years, which straddled the ranges of cost-
effectiveness that have been hypothesised as being
cost-effective within the UK.?**

These results were imputed from the Gaussian
process models formulated at 60 years since the
individual patient model was not run at 65 years
of age. The Gaussian model at 60 years of age was
run having altered the fracture, breast cancer and
CHD rates to approximate those at 65 years
rather than 60 years of age. Factors such as all-
cause mortality rates and proportion of fatalities
following hip fracture would be underestimated in
the 60-year-old model; however, as these affect the
cost-effectiveness of an intervention in different

directions, it is expected that any bias via this
approach would be small. The results are given in
Table 89.

As expected, the cost-effectiveness results for each
drug at the age of 65 years fell between those of
60 years and 70 years of age. The one exception
was for raloxifene, which is explained by the lower
assumed breast cancer rate at 65 years compared
with 60 and 70 years of age.

Evaluating the effect of double fracture risk

The default analyses were conducted assuming
that a woman has a T-score at the threshold of
osteoporosis. By definition, the average
osteoporotic woman will have a T-score lower than
—2.5 SD, and other factors such as low body mass
index, corticosteroid use, current smoking or a
history of maternal hip fracture will increase the
risk of fracture beyond that explained by 7-score
alone.

To assess the impact that these factors would have,
additional analyses were conducted assuming that
the risk of fracture at each site was doubled. With
no other non-skeletal factors the doubling of risk
at the hip would be associated with a T-score of
-3.22, compared with a T-score of -2.5.

The values associated with the no treatment
option changed owing to the assumed increase in
fracture risk. These are presented in Table 90.

50 years of age

The most cost-effective drug for women aged

50 years at the threshold of osteoporosis is
alendronate, where the average cost per QALY
ratio is £14,484 (Table 91). Risedronate also has an
average cost per QALY below £20,000.
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TABLE 89 Interpolated cost-effectiveness for each treatment at 65 years of age

Intervention Marginal cost (£)? Marginal QALY" Average cost per QALY"
Alendronate 132,601 4.04 32,811
Risedronate 130,056 3.40 38,303
Etidronate 102,923 1.60 64,273
Etidronate® 94,487 2.31 40,877
Raloxifene* 138,120 4.15 33,260
Teriparatide 514,666 2.55 202,201
Teriparatide® 529,123 1.29 409,097
Oestrogen 67,781 0.10 675,105
Oestrogend 57,065 1.26 45,422

* See caveat on all raloxifene results.

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.

¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

TABLE 90 Costs incurred and QALYs accrued from no treatment in women with previous fractures and T-scores of —2.5, assuming
double fracture risk

Age (years) Cost incurred (£) QALYs accrued
50 134,830 706.18
60 193,083 678.10
70 276,662 542.45
80 704,417 38I.15

TABLE 91 Cost-effectiveness for each treatment at 50 years of age when the fracture risk is doubled

Intervention Marginal cost (£)° Marginal QALY" Average cost per 90% CI°
QALY
Alendronate 128,315 8.86 14,484 9,528 to 36,901
Risedronate 128,238 6.87 18,674 12,509 to 37,200
Etidronate 102,474 2.67 38,337 29,980 to 60,622
Etidronate® 92,303 4.58 20,173 Not calculated
Raloxifene* 142,385 5.56 25,594 21,218 to 34,912
Teriparatide 546,999 4.89 111,792 52,690 to Dominated
Teriparatide® 563,668 2.00 281,231 231,390 to 399,047
Oestrogen 60,249 -0.15 Dominated 24,733 to Dominated
Oestrogen? 48,043 1.99 24,106 2,094 to Dominated

* See caveat on all raloxifene results.

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.

¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

60 years of age 70 years of age

The most cost-eftective drug at 60 years of age is At 70 years of age the most cost-effective drug is
alendronate, with an average cost per QALY value alendronate, with an average cost per QALY below
of £15,902 (Table 92). The cost per QALY ratios £3000 (Table 93). Risedronate and etidronate

for risedronate and raloxifene are also below (assuming observational data) have an average
£20,000. cost per QALY below £10,000. Etidronate,
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TABLE 92 Cost-effectiveness for each treatment at 60 years of age when the fracture risk is doubled

Intervention

Alendronate
Risedronate
Etidronate
Etidronate®
Raloxifene*
Teriparatide
Teriparatide®
Oestrogen
Oestrogen?

Marginal cost (£)°

111,064
111,748
101,024
86,998
115,789
539,241
563,203
70,225
50,144

* See caveat on all raloxifene results.
9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

Marginal QALY" Average cost 90% CI°
per QALY“

6.98 15,902 9,677 to 42,059
5.81 19,228 12,314 to 38,778
2.33 43,377 33,987 to 68,416
3.78 23,091 Not calculated
6.36 18,302 14,380 to 26,890
4.13 130,633 60,434 to Dominated
1.81 311,622 256,455 to 442,031

-0.81 Dominated 34,018 to Dominated
.14 43,833 742 to Dominated

TABLE 93 Cost-effectiveness for each treatment at 70 years of age when the fracture risk is doubled

Intervention

Alendronate
Risedronate
Etidronate
Etidronate®
Raloxifene*
Teriparatide
Teriparatide®
Oestrogen
Oestrogen?

Marginal cost (£)°

33,336
91,899
79,432
48,975
121,853
497,252
547,249
79,549
53,294

* See caveat on all raloxifene results.
9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.
b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

Marginal QALY" Average cost per 90% CI°
QALY?

11.22 2,972 Dominating to 18,612
9.42 9,758 4,560 to 23,547
6.0l 13,216 9,826 to 22,264
7.99 6,127 Not calculated
6.03 20,206 15,831 to 28,558
7.87 63,158 29,436 to Dominated
5.02 108,948 89,240 to 155,541
2.61 30,453 10,244 to Dominated
4.25 12,534 Dominating to Dominated

excluding observational data, and oestrogen have
values below £15,000; however, the confidence
intervals for oestrogen are very wide. Raloxifene
has a value slightly above £20,000.

80 years of age
At 80 years of age both alendronate and

Risedronate dominate no treatment (Table 94).
Etidronate has an average cost per QALY below

£20,000, but dominates no treatment if

observational data are incorporated. Raloxifene
has a cost per QALY below £16,000. Oestrogen
dominates no treatment if observational data are
incorporated, but has an average cost per QALY
above £90,000 if these data are excluded. The
confidence intervals around the cost per QALY for
oestrogen are very wide.

The optimal order of interventions at each age
band was calculated assuming a cost per QALY
threshold of £30,000. The results are presented in
Table 95.

If it is assumed that teriparatide does not have an
effect on hip fracture, then it does not have an
average cost per QALY below £100,000 at any age.
It does not have a cost per QALY below £50,000 at
any age, even when the beneficial effects on non-
vertebral fractures are included.

Evaluating the effect of quadruple fracture risk
Additional analyses were conducted assuming that
the risk of fracture at each site was quadrupled.
With no other non-skeletal factors the doubling of
risk at the hip would be associated with a T-score
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TABLE 94 Cost-effectiveness for each treatment at 80 years of age when the fracture risk is doubled

Intervention Marginal cost (£)° Marginal QALY" Average cost per
QALY?
Alendronate —-130,551 12.98 Dominating
Risedronate -80,297 10.55 Dominating
Etidronate 61,658 3.09 19,985
Etidronate® -8,988 5.99 Dominating
Raloxifene* 77,652 4.96 15,652
Teriparatide 413,779 7.90 52,381
Teriparatide® 536,747 2.77 193,984
Oestrogen 45,903 0.50 92,130
Oestrogen? —-19,742 4.65 Dominating

* See caveat on all raloxifene results.

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.

b Incorporating observational data on hip and wrist fractur
¢ Assuming skeletal effect on vertebral fractures only.

es.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

90% CI°

Dominating to 8,107
Dominating to 4,91 |
14,141 to 35,467
Not calculated
11,606 to 23,268
11,673 to Dominated
158,477 to 277,918
8,324 to Dominated
Dominating to Dominated

TABLE 95 The optimal order of interventions at each age band for women at the threshold of osteoporosis and with a prior fracture

when the fracture risk is doubled

Age (years)

50 60
Alendronate Alendronate
Risedronate Raloxifene*
Etidronate® Risedronate
Raloxifene* Etidronate®
Oestrogen® No treatment

No treatment

* See caveat on all raloxifene results.

70

Alendronate
Etidronate’
Risedronate
Etidronate
Oestrogen®
Raloxifene*
No treatment

9 Assuming observational data on hip, wrist and proximal humerus fracture.

b Assuming observational data on hip, wrist and proximal humerus fracture, and breast cancer.

of -3.95 SD, compared with a T-score of —2.5 SD.
Since all interventions bar teriparitide had

scenarios where the criterion for cost-effectiveness

was met at double risk, only teriparitide was
analysed at quadruple risk.

The values associated with the no treatment
option changed owing to the assumed increase in
fracture risk. These are presented in Table 96.

50 years of age

At 50 years of age, teriparatide has an average
cost per QALY above £50,000 regardless of the
efficacy assumptions (1able 97).

60 years of age

At 60 years of age, teriparatide has an average
cost per QALY above £50,000 regardless of the
efficacy assumptions (1able 98).

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

70 years of age

80

Alendronate
Risedronate
Etidronate’
Oestrogen®
Raloxifene*
Etidronate
No treatment

At 70 years of age, teriparatide has an average
cost per QALY below £30,000. If it is assumed to
have no effect on non-vertebral fractures this
figure rises to above £50,000 (1able 99).

80 years of age

At 80 years of age, teriparatide has an average
cost per QALY below £20,000 when it is assumed
to affect all fracture rates (Table 100). The
confidence intervals around these cost per QALY
values are wide and include ‘dominated’. If it is
assumed only to affect vertebral fracture this
figure rises to above £90,000.

If it is assumed that teriparatide does not have an
effect on hip fracture then it does not have a cost
per QALY below £50,000 at any age. Even
assuming a beneficial effect on hip fractures the
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TABLE 96 Costs incurred and QALYs accrued from no treatment in women with previous fractures and T-scores of —2.5, assuming
quadruple fracture risk

Age (years) Cost incurred (£) QALYs accrued
50 197,345 694.60
60 280,713 668.07
70 456,063 526.48
80 1,137,151 360.60

TABLE 97 Cost-effectiveness for each treatment at 50 years of age when the fracture risk is quadrupled

Intervention Marginal cost (£)° Marginal QALY" Average cost per 90% CI°
QALY

Teriparatide 525,509 9.79 53,700 23,754 to Dominated

Teriparatide® 558,846 4.01 139,413 114,495 to 198,315

9 Compared with calcium and vitamin D.
b Assuming effect on vertebral fractures only.

TABLE 98 Cost-effectiveness for each treatment at 60 years of age when the fracture risk is quadrupled

Intervention Marginal cost (£)° Marginal QALY“ Average Cost per 90% CI°
QALY?

Teriparatide 511,019 8.26 61,898 26,065 to Dominated

Teriparatide® 558,942 3.6l 154,632 127,054 to 219,824

9 Compared with calcium and vitamin D.
b Assuming effect on vertebral fractures only.

TABLE 99 Cost-effectiveness for each treatment at 70 years of age when the fracture risk is quadrupled

Intervention Marginal cost (£)° Marginal QALY“ Average cost per 90% CI°
QALY“

Teriparatide 431,308 15.75 27,391 9,261 to Dominated

Teriparatide® 531,273 10.05 52,884 43,031 to 76,174

9 Compared with calcium and vitamin D.
b Assuming effect on vertebral fractures only.

TABLE 100 Cost-effectiveness for each treatment at 80 years of age when the fracture risk is quadrupled

Intervention Marginal cost (£)° Marginal QALY" Average cost per 90% CI°

QALY
Teriparatide 268,079 15.80 16,968 Dominating to Dominated
Teriparatide® 514,015 5.53 92,884 75,144 to 134,819

9 Compared with calcium and vitamin D.
b Assuming effect on vertebral fractures only.
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TABLE 101 Costs incurred and QALYs accrued from no treatment in women without a previous fracture and T-scores of —2.5

Age (years) Cost incurred (£) QALYs accrued
70 158,225 563.98
80 265,242 411.66

TABLE 102 Assumed efficacy of alendronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks

seen in patients with severe osteoporosis or osteoporosis)

Vertebral Hip Wrist Proximal humerus
RR (95% ClI) 0.53 0.46 0.48 Assumed no effect
(0.46 to0 0.67) (0.23 t0 0.91) (0.31 to 0.75)

TABLE 103 Cost-effectiveness of alendronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks

seen in patients with severe osteoporosis or osteoporosis)

Age (years) Costincurred QALYs accrued

Marginal costs

Marginal QALYs® Cost per QALY (£)

(£)° (£ (90% CI)
70 275,761 566.87 117,535 2.90 40,460
(27,995 to 76,967)
80 309,044 415.25 43,802 3.60 12,181
(888 to 66,984)

9 Including drug acquisition costs, GP consultations and BMD scans.

b Compared with no treatment.

cost per QALY is only lower than £30,000 at 70
and 80 years of age.

Estimations of the cost-effectiveness of
each intervention in women at the
threshold for osteoporosis without a
prior fracture

Since the presence of a prior fracture is associated
with an increase in fracture risk,'® each
intervention will have a markedly increased cost
per QALY ratio when used in patients who have
not suffered a fracture.

Since no intervention was seen to have cost-
effectiveness ratios below £30,000 at the ages of 50
and 60 years in patients with fractures, the analysis
of women without a previous fracture was confined
to the ages of 70 and 80 years. Each intervention
was assessed in turn. The costs incurred and the
QALYs accrued under a policy of no treatment are
given in Table 101.

Alendronate

In the absence of efficacy data in women with
osteoporosis only, efficacy data were taken from

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

women with severe osteoporosis, osteoporosis or
osteopenia (Table 102).

The cost per QALY ratios are higher in patients
without a prior fracture and are below £30,000 at
80 years, but not at 70 years of age (Tuble 103 and
Figure 46).

Risedronate

Risedronate was one of the few interventions
with data on efficacy in patients with osteoporosis
only. These data were on hip fracture only and
were seen to be comparable to those for women
with severe osteoporosis. These latter data were
used owing to the confidence intervals being
significantly reduced. The efficacy data for
vertebral fracture were taken from patients with
severe 0steoporosis, Osteoporosis or osteopenia
(Table 104).

The cost per QALY value falls below £30,000 at
80 years of age (1able 105).

Figure 47 shows that at 70 years of age the cost per

QALY of risedronate is very rarely below £40,000. 11



112

Economic analysis

I -
0.8 7
e 80
Z 06 - he
ﬁ —x—Age 70
[e) 4
£ 04 —+—Age 60
02 4 Age 50
05 N T T T 1
0 20,000 40,000 60,000 80,000 100,000
Cost per QALY (£)

FIGURE 46 CEACs for alendronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis)

TABLE 104 Assumed efficacy of risedronate in women without previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis, osteoporosis or osteopenia)

Vertebral Hip Wrist Proximal humerus
RR (95% ClI) 0.62 0.66 0.68 0.46
(0.50 to 0.76) (0.48 to 0.89) (0.43 to 1.08) (0.23 to 0.94)

TABLE 105 Cost-effectiveness of risedronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks
seen in patients with severe osteoporosis, osteoporosis or osteopenia)

Age (years) Costincurred  QALYs accrued

(£)°
70 283,495 565.23
80 328,394 415.32

Marginal costs  Marginal QALYs® Cost per QALY (£)
£)° (90% CI)
125,270 1.27 98,855
(56,051 to 314,357)
63,152 3.55 17,240
(7,230 to 40,528)

9 Including drug acquisition costs, GP consultations and BMD scans.

b Compared with no treatment.

Etidronate

In the absence of data from patients with
osteoporosis only, data were taken from patients
with severe osteoporosis, osteoporosis or
osteopenia (Table 106). Because of the extremely
wide confidence intervals around hip (0.05 to
5.34) and other non-vertebral fractures (0.12 to
3.82), it was assumed that the drug has no effect
on these sites.

Etidronate is more cost-effective at 70 years than
at 80 years of age owing to the greater incidence
of vertebral fractures at 70 years, which is the only
fracture site that etidronate has been assumed to

affect. At 70 years of age the average cost per
QALY of etidronate was above £40,000, whereas at
80 years the cost per QALY was greater than
£70,000 (Table 107).

An additional analysis was undertaken assuming
that etidronate reduces hip fractures by 15% and
wrist fractures by 8%, these values being the upper
bound on the 95% confidence interval reported by
van Staa and colleagues.?*? Using these efficacy
figures, the cost per QALY improved to £33,677
and £28,678 at 70 and 80 years of age,
respectively. These efficacy data were not varied
and thus no confidence interval for the cost-
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FIGURE 47 CEACs for risedronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis)

TABLE 106 Assumed efficacy of etidronate in women without previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis or osteoporosis, and assuming no effect on non-vertebral fractures)

Vertebral Hip Werist Proximal humerus
RR (95% CI) 0.40 Assumed no effect Assumed no effect Assumed no effect
(0.20 to 0.83)

TABLE 107 Cost-effectiveness of etidronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks
seen in patients with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)

Age (years) Costincurred QALYs accrued Marginal costs  Marginal QALYs® Cost per QALY (£)

(£)° (£)° (90% CI)
70 250,155 566.01 91,930 2.04 45,071
(34,884 to 72,214)
80 343,962 41275 78,720 1.09 72,007

(55,478 to 116,176)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment.

effectiveness of etidronate was calculated in this osteoporosis alone (Table 108). Because of the non-

scenario. significant effect on non-vertebral fractures it was
assumed that raloxifene only had an eftect on

At the age of 80 years, etidronate never has a cost vertebral fractures. Data on the reduction in breast

per QALY below £50,000 and at 70 years it is cancer were taken from Cauley and colleagues,

never below 30,000 (Figure 48). However, when assuming the risk of preventing all breast cancer

observational data are incorporated the cost per events.!?

QALY falls below £30,000 at 80 years of age.
The average cost per QALY is below £20,000 at 70

Raloxifene years and below £30,000 at 80 years of age (Table

[Commercial-in-confidence information removed.] 109). These values do not change greatly in the
absence of a prior fracture owing to the large

The efficacy data for the effect of Raloxifene on effect of breast cancer reduction. As with all

vertebral fractures were taken from patients with raloxifene results these data should be interpreted
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FIGURE 48 CEACs for etidronate in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis, and no effect on non-vertebral fractures)

TABLE 108 Assumed efficacy of raloxifene in women without previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis or osteoporosis)

Vertebral Hip Wrist Proximal humerus  Breast cancer
RR (95% ClI) 0.53 Assumed no effect ~ Assumed no effect Assumed no effect 0.38
(0.35t0 0.79) (0.24 t0 0.58)

TABLE 109 Cost-effectiveness of raloxifene in women without previous fractures and T-scores of —2.5 (assuming the relative risks
seen in patients with severe osteoporosis or osteoporosis)

Age (years) Costincurred QALYs accrued Marginal Costs  Marginal QALYs® Cost per QALY (£)

(£)° (£ (90% CI)
70 251,910 568.99 93,685 5.02 18,664
(13,830 to 29,010)
80 352,262 414.82 87,020 3.17 27,483

(21,076 to 41,821)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment.

with caution. Refer to the caveat on raloxifene The modelling assumptions were very favourable
results. towards teriparatide as the model assumed

3.5 years of full sustained effect after cessation of
Figure 49 shows that the cost per QALY ratio is very  treatment followed by a period of 1 year linear
seldom greater than £50,000. As with all raloxifene decline to a no treatment level. This assumption

results these data should be interpreted with will result in the estimated cost per QALY being
caution. Refer to the caveat on raloxifene results. lower than expected.

Teriparatide Owing to the acquisition price of the drug the
Efficacy data from RCTs for teriparatide were average cost-effectiveness ratio is not below
found only for patients with severe osteoporosis £200,000 cost per QALY at 70 or 80 years of age
(Table 110). The data for hip, wrist and proximal (Table 111).

humerus had very wide confidence intervals and a

second analysis was undertaken assuming that the Since the efficacy on hip fracture has a wide

intervention had no effect at these sites. confidence interval that spans unity, the CEACs
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FIGURE 49 CEACs for raloxifene in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis or osteoporosis and no effect on non-vertebral fractures)

TABLE 110 Assumed efficacy of teriparatide in women without previous fractures and T-scores of —2.5 (using the relative risks seen in

patients with severe osteoporosis)

Vertebral Hip
RR (95% ClI) 0.35 0.50
(0.22 to 0.55) (0.09 to 2.

Wrist Proximal humerus
0.54 0.80
73) (0.22 to 1.35) (0.22 to 2.98)

TABLE 111 Cost-effectiveness of teriparatide in women without previous fractures and T-scores of —2.5 (assuming the relative risks

seen in patients without severe osteoporosis)

Age (years) Costincurred QALYs accrued

Marginal costs

Marginal QALYs® Cost per QALY (£)

(£)° £)° (90% CI)
70 700,239 566.16 542,041 2.19 247,660
(118,502 to Dominated)
80 772,144 413.98 506,902 2.33 218,020

79,026 to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.

b Compared with no treatment.

are wide, with the drug being dominated
approximately 10% of the time (Figure 50).

In the second analysis, teriparatide was assumed
to have no effect on hip, wrist and proximal
humerus fractures (Tzble 112). Owing to the
acquisition price of the drug the average cost-
effectiveness ratio is not below £300,000 cost per
QALY at any age (Table 113).

The cost-effectiveness ratio is better at 70 than at
80 years of age owing to the higher incidence of
vertebral fractures at this age. However, at both
ages the cost per QALY is very high (>£300,000).
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By assuming no effect on non-vertebral fractures,
teriparatide is never dominated, but the ranges of
cost-effectiveness values are high (>£100,000)
(Figure 51).

Oestrogen (HRT)

Efficacy data for oestrogen were taken from
patients with severe osteoporosis, osteoporosis or
osteopenia (Table 114). No data were available
individually for hip, wrist and proximal humerus
fractures. The confidence interval around non-
vertebral fractures was high and it was assumed
that the intervention would only affect vertebral
fractures. Efficacy data from RCTs for other
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FIGURE 50 CEACs for teriparatide in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis)

TABLE 112 The assumed efficacy of teriparatide in women without previous fractures and T-scores of —2.5 (using the relative risks
seen in patients with severe osteoporosis and assuming no effect on hip, wrist or proximal humerus fractures)

Vertebral Hip Wrist Proximal humerus
RR (95% ClI) 0.35 Assumed no effect ~ Assumed no effect Assumed no effect
(0.22 to 0.55)

TABLE 113 Cost-effectiveness of teriparatide in women without previous fractures and T-scores of —2.5 (assuming the relative risks
seen in patients with severe osteoporosis or osteoporosis, and no effect of hip, wrist or proximal humerus fracture)

Age (years) Cost incurred  QALYs accrued Marginal Costs  Marginal QALYs? Cost per QALY (£)

(£)° (£)° (90% CI)
70 715,854 565.64 557,629 .68 332,440
(273,196 to 472,439)
80 816,570 412.62 551,329 0.96 573,427

(471,157 to 815,234)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment.
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80
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FIGURE 51 CEACs for teriparatide in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
116 patients with severe osteoporosis, and no effect of hip, wrist or proximal humerus fracture)
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TABLE 114 Assumed efficacy of oestrogen in women without previous fractures and T-scores of —2.5 (using the relative risks seen in

patients with severe osteoporosis)

Vertebral Hip Wrist Proximal humerus Breast cancer
RR (95% CI) 0.71 Assumed no effect ~ Assumed no effect Assumed no effect 1.27
(0.24 t0 2.12) (1.02 to 1.56)

TABLE 115 Cost-effectiveness of oestrogen in women without previous fractures and T-scores of —2.5 (assuming the relative risks

seen in patients with severe osteoporosis)

Age (years)  Cost incurred

QALYs accrued  Marginal costs

Marginal QALYs® Cost per QALY (£)

(£)° (£)° (90% CI)

70 229,495 562.87 71,270 -1.09 Dominated
(33,81 | to Dominated)

80 322,487 410.92 57,245 -0.74 Dominated

(54,772 to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.

b Compared with no treatment.
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FIGURE 52 CEACs for oestrogen in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in

patients with severe osteoporosis)

patient groups were so wide that it was assumed
there was no effect at any fracture site, which
would result in the intervention never being cost-
effective. The increased risk of breast cancer has
been taken from Beral and colleagues.?’

As oestrogen has been licensed for many years, a
secondary analysis was undertaken allowing
observational data to be used. These data were
taken from Cauley and colleagues, assuming the
multivariate adjusted values for women with a
history of osteoporosis.?*?

Assuming data on efficacy from RCTs only, the
average cost-effectiveness ratio is dominated by no
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treatment at all ages (Table 115). This is due to the
adverse breast cancer effect and the lower
incidence of fracture in patients without a prior
fracture.

Owing to the wide confidence interval around
vertebral fractures which spans unity, oestrogen is
dominated approximately 70% of the time
(Figure 52). This value is not seen on the graph as
the x axis has been cropped at £100,000.

In the secondary analysis, observational efficiency
data was incorporated (Table 116). At 70 years of
age the cost per QALY ratio is dominated; at 80
years, where the fracture rates are greater, the
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TABLE 116 Assumed efficacy of oestrogen in women without previous fractures and T-scores of —2.5 (using the relative risks seen in
patients with severe osteoporosis and observational data)

Vertebral Hip Wrist Proximal humerus Breast cancer
RR (95% ClI) 0.71 0.86 0.32 0.63 1.27
(0.24 t0 2.12) (0.42 to 1.75) (0.13 t0 0.78) (0.45 to 0.89) (1.02 to 1.56)

TABLE 117 Cost-effectiveness of oestrogen in women without previous fractures and T-scores of —2.5 (assuming the relative risks
seen in patients with severe osteoporosis and using observational data)

Age (years) Costincurred QALYs accrued Marginal costs Marginal QALYs® Cost per QALY (£)

£)° (£)° (90% CI)
70 222,317 562.55 64,091 —1.41 Dominated
(16,575 to Dominated)
80 294,296 412.44 29,055 0.78 37,307

(Dominating to Dominated)

9 Including drug acquisition costs, GP consultations and BMD scans.
b Compared with no treatment.

08
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FIGURE 53 CEACs for oestrogen in women without previous fractures and T-scores of —2.5 (assuming the relative risks seen in
patients with severe osteoporosis and using observational data)

adverse effects on breast cancer are less prominent Summary of treatment results assuming a woman

and the cost per QALY ratio is £37,307 (Table at the threshold of osteoporosis and without a
117). The confidence intervals around these prior fracture
results are very large, and at 80 years of age it Results given are for a cohort of 100 women.

spans from dominating to dominated.
70 years of age

By incorporating observational data the CEACs The most cost-effective drug at 70 years of age is
become much flatter owing to the wide confidence raloxifene, with an average cost per QALY ratio
interval surrounding the efficacy of hip fracture under £20,000; however, this result must be
(Figure 53). Oestrogen is dominated by no treated with caution owing to the majority of
treatment on approximately 70% of occasions health gains being accrued from breast cancer

at 70 years and on 30% of occasions at 80 years reduction. No other treatment has a cost per

of age. QALY below £30,000 (Table 118).
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TABLE 118 Cost-effectiveness for each treatment at 70 years of age, in women at the threshold of osteoporosis and with no prior

fracture

Intervention Marginal cost (£)°

Alendronate 117,535 2.90
Risedronate 125,270 1.27
Etidronate 91,930 2.04
Etidronate® 82,299 2.44
Raloxifene* 93,685 5.02
Teriparatide 542,041 2.19
Teriparatide® 557,629 .68
Oestrogen 71,270 —1.09
Oestrogen? 64,091 —1.41

* See caveat on all raloxifene results.

Marginal QALY"

40,460
98,855
45,071
33,677
18,664
247,660
332,440
Dominated
Dominated

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.

b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

Average cost per QALY"

90% CI°

27,995 to 76,967
56,051 to 314,357
34,884 to 72,214
Not calculated
13,830 to 29,010
118,502 to Dominated
273,196 to 472,439
33,81 | to Dominated
16,575 to Dominated

TABLE 119 Cost-effectiveness for each treatment at 80 years of age, in women at the threshold of osteoporosis and with no prior

fracture

Intervention Marginal cost (£)° Marginal QALY“

Alendronate 43,802 3.60
Risedronate 63,152 3.55
Etidronate 78,720 1.09
Etidronate® 53,958 1.88
Raloxifene* 87,020 3.17
Teriparatide 506,902 2.33
Teriparatide® 551,329 0.96
Oestrogen 57,245 -0.74
Oestrogen? 29,055 0.78

* See caveat on all raloxifene results.

Average cost per QALY"

12,181
17,240
72,007
28,678
27,483
218,020
573,427
Dominated
37,307

9 Compared with no treatment in women with sufficient calcium and vitamin D intakes.

b Incorporating observational data on hip and wrist fractures.
¢ Assuming skeletal effect on vertebral fractures only.

9 Incorporating observational data on hip, wrist and proximal humerus fractures.

80 years of age

At 80 years of age, alendronate is estimated to
have a cost per QALY below £15,000. This value is
below £20,000 for risedronate. Raloxifene has a
cost per QALY below £30,000, as does etidronate
if observational data are considered. All other
interventions have cost per QALY values in excess
of £30,000 (Table 119).

Incremental analyses

The optimal order of interventions at each age
band was calculated, assuming a cost per QALY
threshold of £30,000. The results are presented in
Table 120.
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TABLE 120 Optimal order of interventions at each age band for

90% CI°

888 to 66,984
7,230 to 40,528
55,478 to 116,176
Not calculated
21,076 to 41,821
79,026 to Dominated
471,157 to 815,234
54,772 to Dominated
Dominating to Dominated

women at the threshold of osteoporosis and without a prior
fracture, assuming a maximum cost per QALY threshold of

£30,000

Age (years)

70

Raloxifene*
No treatment

80

Alendronate
Risedronate
Raloxifene*
Etidronate®
No treatment

* See caveat on all raloxifene results.
@ Assuming observational data on hip and wrist fractures.
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FIGURE 55 CEAC for all interventions at 80 years of age, for women at the threshold of osteoporosis without a previous fragility
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CEAC:s for all interventions

The default scenarios were used to calculate the
CEAC s, apart from raloxifene, where it was
assumed that the intervention had no effect on
non-vertebral fractures. For reasons of clarity, any
intervention that did not have a probability of
being optimal greater than 2.5% was omitted from
the figures.

It can be seen from the multiple intervention
CEAC:s in Figures 54 and 55 that, assuming a cost
per QALY threshold of £30,000, the intervention
with the most probability of being optimal at 70
years of age is raloxifene. However, this conclusion
is tempered by the caveat on raloxifene results
discussed earlier. At 80 years of age alendronate is
the intervention most likely to be optimal.

It was assumed that the effects of including death
due to vertebral fractures and morphometric

fractures, and the reduction in fall time would be
less marked in a patient subset without a prior
fracture than in a subset of those with a previous
fracture. As such, these analyses were not
undertaken for the prevention group.

No analyses were undertaken assuming that the
fracture rates were double those for women at the
threshold of osteoporosis with no other risk
factors. The rationale for omitting these analyses
is that these results would be similar to those in
patients at the threshold where a fracture had
been sustained, since the majority of relative risks
for subsequent fractures given by Klotzbuecher
and colleagues'® are close to 2.

The output from this model was compared with
that of the submission models**~** and a discussion
of the differences in the results is given in
Appendix 16.
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TABLE 121 Expected number of women suffering from osteoporosis and severe osteoporosis

Age (years) No. of women suffering

severe osteoporosis

50-54 6,700
55-64 305,300
65-74 437,500
=75 652,100

No. of women suffering

No. of women who do

osteoporosis not have osteoporosis

16,400 1,332,300
137,100 2,036,600
106,800 1,223,900
198,700 1,530,400

TABLE 122 Estimated cost (£ million) over a |0-year period of treating all women with severe osteoporosis (costs include GP

consultations and BMD scans)

Age (years)

50-54 55-64 65-74 =75
Alendronate 15.2 173.3 449.0 902.9
Risedronate 14.5 165.6 428.7 861.6
Etidronate’ 9.7 110.8 284.5 568.9
Raloxifene 13.5 153.8 396.8 795.9

9 The acquisition costs for etidronate when observational data are assumed are slightly greater owing to a marginally

increased survival rate within the 5-year treatment period.

Calculating the expected cost to
the NHS of treating patients with
severe osteoporosis

Work was undertaken to analyse the impact on
NHS resources were each intervention prescribed
exclusively to all patients with osteoporosis. The
costs presented assume 100% compliance, with
each treatment being taken for 5 years, or until
patient death. The effect of compliance on these
figures can be estimated assuming that the total
expenditure is proportionate to the compliance
level.

These calculations were not undertaken for
teriparatide, given the very small subset of
patients at whom the intervention is targeted.

The assumed prevalence of osteoporosis was
shown in Figure I (see Chapter 2). The estimated
proportion of these patients who have suffered a
fracture is provided in Appendix 1. The number
of women in England and Wales aged between 50
and 110 years'' was multiplied by these figures to
estimate the absolute number of patients with
osteoporosis and established osteoporosis. The
results are summarised in Table 121.

The acquisition cost for each intervention of

treating all women with severe osteoporosis for a
5-year period is given in Table 122. These costs are
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discounted at 6% and include the cost of BMD
scans in years 2 and 5, and the costs of two GP
visits per annum.

The estimated net monetary expenditure for each
intervention when fractures and breast cancer
events avoided are included is given in Table 123.
It was assumed that the average savings within the
age band are equal to those of the middle age,
except in the age group 50-54 years, where
savings equivalent to 50-year-old women were
assigned.

The estimated net expenditure when it is assumed
that the fracture rates are doubled, owing to either
a T=score of —3.22 or non-skeletal reasons, is given
in Table 124.

The cost for each intervention of treating all
women with osteoporosis, but without a prior
fracture, for a 5-year period is given in Table 125.
These costs are discounted at 6% and include the
cost of BMD scans in years 2 and 5, and the costs
of two GP visits per annum.

The estimated net monetary expenditure for each
intervention when fractures and breast cancer
events avoided are included is given in Table 126.
It has been assumed that the average savings
within the age band are equal to those of the
middle age, except in the age group 50-54 years,

121



Economic analysis

TABLE 123 Estimated net cost (£ million) over a |0-year period for each intervention of treating all women with severe osteoporosis

Age (years)

50-54 55-64 65-74 =75
Alendronate 13.4 144.6 272.6 294
Risedronate 13.0 141.1 297.3 171.8
Etidronate 9.5 108.1 256.5 486.1
Etidronate® 9.0 122.4 367.0 556.8
Raloxifene* 12.9 100.8 212.8 257.0

* See caveat on all raloxifene results.
¢ Assuming observational data.

TABLE 124 Estimated net cost (£ million) over a |0-year period for each intervention of treating all women with severe osteoporosis
(assuming that the fracture risk is doubled in all patients)

Age (years)

50-54 55-64 65-74 =75
Alendronate 1.5 115.7 95.7 -846.7
Risedronate 1.5 116.4 263.7 -520.8
Etidronate 9.2 105.3 228.0 399.9
Etidronate 8.3 90.6 140.6 -58.3
Raloxifene* 12.8 120.6 349.7 503.6

* See caveat on all raloxifene results.
9 Assuming observational data.

TABLE 125 Estimated cost (£ million) over a 10-year period for TABLE 126 Estimated net cost (£ million) over a |0-year

each intervention of treating all women with osteoporosis and no period for each intervention of treating all women with
prior fracture osteoporosis and no prior fracture
Age (years) Age (years)
65-74 =75 65-74 =75
Alendronate 202.2 254.4 Alendronate 150.5 80.0
Risedronate 193.2 242.8 Risedronate 160.4 115.3
Etidronate’ 128.8 160.5 Etidronate 117.7 143.7
Raloxifene* 178.7 224.5 Etidronate® 119.9 158.8
Raloxifene* 105.4 98.5
* See caveat on all raloxifene results.
@ The acquisition costs for etidronate when observational * See caveat on all raloxifene results.
data are assumed are slightly greater owing to a 9 Assuming observational data.

marginally increased survival rate within the 5-year
treatment period.
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where savings equivalent to 50-year-old women
were assigned. Costs were discounted at 6% per
annum.

The estimated net expenditure when it is assumed
that the fracture rates are doubled, owing to either
a T-score of -3.22 or non-skeletal factors, is given
in Table 127. These values have been calculated
assuming that the costs recouped from fractures
avoided and breast cancer events avoided by
doubling the risk of a patient with osteoporosis
will equal the costs recouped from a person with
severe osteoporosis at the same age.
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TABLE 127 Estimated net cost (£ million) for each intervention
of treating all women with osteoporosis and no prior fracture
assuming that the fracture risk is doubled

Age (years)

65-74 =75
Alendronate 121.6 48.4
Etidronate 114.4 136.8
Etidronate® 94.9 156.7
Raloxifene* 163.7 72.3

* See caveat on all raloxifene results.
9 Assuming observational data.
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Chapter 5

Discussion

Nost—effectiveness analysis was undertaken on
interventions for osteoporosis, with systematic
reviews undertaken of costs, efficacy and utilities.
The model was populated with data drawn from
the UK where possible. The principal findings of
this report are that there are effective treatments
for women suffering osteoporosis and that these
can be given cost-effectively under some
circumstances. Conversely, there are effective
treatments that cannot be given cost-effectively
under some circumstances.

Owing to resource constraints analyses were only
undertaken at the threshold of osteoporosis and at
double this fracture risk. Where interventions were
cost-effective at double risk, but not at single risk,
it does not mean that a doubled risk is absolutely
necessary for cost-effectiveness. In circumstances
where the cost per QALY value at single risk is
marginally above an assumed cost-effectiveness
ratio, smaller increased risk may well produce
cost-effective scenarios.

The calculations of cost-effectiveness allowed a
provisional incremental order of interventions to
be established, with bisphosphonates being the
preferred choice in patients at high risk. In
patients at lower risk raloxifene becomes the agent
of choice; however, this is dependent on the effects
of breast cancer, which may have been modelled
inaccurately.

There was a need to assume the efficacy of
interventions in patient populations of a different
age to those enrolled in the RCT. Although it may
seem appropriate to assume that the relative risk of
fracture is constant across the age ranges, this has
yet to be proven in RCTs to be correct. Conversely,
a trial by McClung®?! showed that risedronate had
a non-significant efficacy in the elderly, which
contrasts with RCTs in patients of lower ages.
Caution therefore must be applied when analysing
the results produced for patients aged 80 years.

The results were calculated assuming that women
who receive no treatment have sufficient intakes of
calcium and vitamin D. If patients were deficient
in calcium and vitamin D then the initiation of an
intervention, with accompanying calcium and
vitamin D, would produce better results than those
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estimated, hence the results produced may be
conservative.

The results produced at the threshold of
osteoporosis were provided as an indication of
whether all patients with this disease should be
treated. As reported by Kanis and colleagues, "’
the RRs for patients across the entire osteoporosis
spectrum are likely to have double this risk. If a
decision is made to treat all patients with
osteoporosis then the analyses assuming double
risk may be the most appropriate results to
consider.

The cost-effectiveness results for each intervention
are summarised and presented graphically
(Figures 56—62). The following scenarios were
analysed at the ages of 50, 60, 70 and 80 years for
each intervention:

e women at the threshold of osteoporosis with a
prior fracture

e women at the threshold of osteoporosis with a
prior fracture, assuming that the fracture risk is
doubled at each site

e women at the threshold of osteoporosis without
a prior fracture; this analysis was only presented
at the ages of 70 and 80 years.

It was assumed that when the fracture risk is
doubled for women at the threshold of
osteoporosis and no prior fracture, the results will
be broadly similar to those for women at the
threshold of osteoporosis and with a prior
fracture.

To aid clarity in the figures presented, on any
occasion where the intervention dominates no
treatment in women with sufficient intake of
calcium and vitamin D, an illustrative value of
—£10,000 cost per QALY is shown.

The submission for etidronate® incorporates
observational data from van Staa and colleagues.
Including a 15% reduction in hip fractures and an
8% reduction in wrist fracture markedly improves
the cost-effectiveness ratio (Figures 58 and 59).

222

The results for raloxifene are dependent on the
assumption regarding the efficacy on hip, wrist

125



126

Discussion

50,000 7

40,000 A
<

2 30,000 A

O 20,000 1
9]
a

o 10,000 A
S

0 T T
—-10,000 -
50 60 70
Age (years)

O T-score —2.5 SD, no prior
fracture

B T-score —2.5 SD, prior fracture

O T-score —2.5 SD, prior fracture
(doubled risk of fracture)

80

FIGURE 56 Estimated cost-effectiveness of alendronate
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FIGURE 57 Estimated cost-effectiveness of risedronate

and proximal humerus fractures (Figure 60).
However, the key factor that influences the cost-
effectiveness of raloxifene is the effect on breast
cancer. Caution must be applied when interpreting
these results as the appraisal model was not
mtended to be a dedicated model of breast cancer,
and the simplifying assumptions made may
change the accuracy of the results.

A critical component of the cost-effectiveness of
teriparatide is the assumed efficiency regarding
hip fracture (Figures 61 and 62). A crucial
component, however, is the assumed efficacy
regarding hip fracture. Teriparatide has been
shown to have an average relative risk of 0.50
(90% CI 0.09 to 2.73). Analyses were undertaken
using this distribution, but were also undertaken

assuming that teriparatide has no effect on the
incidence of hip fracture. It is recommended that
a further trial of teriparatide be undertaken to
reduce the wide uncertainty around the reduction
in the incidence of hip fracture.

[Commercial-in-confidence information removed.

For each intervention, a scenario was found where
the cost per QALY ratio is below £50,000. For
some interventions the conditions required to
meet such a threshold are more stringent than for
other interventions.

For alendronate and risedronate the cost per
QALY at 70 years of age or older is less than
£25,000 for severe osteoporotics. For patients
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FIGURE 59 Estimated cost-effectiveness of etidronate when including observational data
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FIGURE 60 Estimated cost-effectiveness of raloxifene (assuming no effect on hip, wrist or proximal humerus fracture)

without a previous fracture these interventions The cost-effectiveness of etidronate is largely

become cost-effective at 80 years or older. Where dependent on whether observational data should

the risk is doubled, owing to a lower 7-score or be used to estimate efficacy. Using RCT data only,

other factors, these ratios improve, and the cost the cost per QALY for women with severe

per QALY values for severe osteoporotics are osteoporosis is below £30,000 only at 70 years of
approximately £20,000 at all ages. age. When observational data are incorporated the 127

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.



128

Discussion

290,000 -
O T-score 2.5 SD, no prior
240,000 7 fracture
)
> 190,000 B T-score —2.5 SD, prior fracture
<
? 140,000 - O T-score -2.5 SD, prior fracture
Q
g- 90,000 (doubled risk of fracture)
O O T-score 2.5 SD, prior fracture
40,000 (quadrupled risk of fracture)
~10,000 - ' ' ' '
50 60 70 80
Age (years)
FIGURE 61 Estimated cost-effectiveness of teriparatide, using RCT data
690,000 1
=) 590,000 7 O T-score —2.5 SD, no prior
E 490,000 T fracture
< i
(e} 390,000 B T-score —2.5 SD, prior fracture
% 290,000 7 O T-score —2.5 SD, prior fracture
3 190,000 1 (doubled risk of fracture)
© 90,000 A
’ O T-score —2.5 SD, prior fracture
-10,000 - ' ' ' (quadrupled risk of fracture)
50 60 70 80
Age (years)

FIGURE 62 Estimated cost-effectiveness of teriparatide (assuming no effect on hip, wrist or proximal humerus fracture)

ages at which cost-effectiveness is met are 70 and
80 years. An RCT to estimate the true efficacy of
etidronate would allow a more accurate assessment
of the cost per QALY value to be estimated.

The cost-effectiveness ratio derived for raloxifene
is impacted on greatly by the effect on breast
cancer. Without this effect the cost per QALY
ratios rose from £30,000 at 60 years of age to
greater than £100,000. This creates uncertainty as
the appraisal model has used simplifying

assumptions and may not be an accurate
representation of the implications of breast cancer.

For teriparatide the cost per QALY only falls below
£30,000 when it is assumed that the effect of
teriparatide on hip fracture is beneficial (RR 0.50,
95% CI 0.09 to 2.73) and that women aged 70 and
80 years are at high risk of future fractures. An
example of such a risk would be quadruple that of
a woman at the threshold of osteoporosis and with
a prior fracture.
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Chapter 6

Conclusions

lendronate and risedronate produced results

hat would generally be considered as cost-
effective at 70 and 80 years of age. Etidronate
would have similar values if observational data
were included in the efficacy analysis, but is only
likely to be considered cost-effective at 70 years of
age, when observational data are excluded. The
cost-effectiveness of raloxifene reached levels that
are generally considered by policy makers to
represent acceptable value for money, at 60 years
of age, but this result depends on the inclusion of
health benefits from the reduced incidence of
breast cancer. Teriparatide is unlikely to be
considered cost-effective at any age.

When a doubled risk is assumed, alendronate and
risedronate are likely to be considered cost-
effective at all ages. When observational data are
included, the same is true for etidronate. When
observational data are excluded, etidronate
appears less cost-effective, and is likely to be
considered acceptable value for money only at 70
and 80 years of age. The results for raloxifene
again suggest acceptable cost-effectiveness at all
ages, but with the result being greatly influenced
by the impact on breast cancer. Again, the cost-
effectiveness of teriparatide is estimated at levels
that are not generally considered to represent
acceptable value for money by policy makers.

Analyses were undertaken to establish the
conditions under which teriparatide might be
considered cost-effective. It was estimated that a
quadrupling of fracture risk in women aged 70

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

and 80 years would be needed for teriparatide to
reach generally accepted levels of cost-
effectiveness. However, owing to uncertainty in the
efficacy of teriparatide in treating hip fracture, this
result has wide confidence intervals consistent with
the extreme cases of teriparatide being either cost-
saving and beneficial or not beneficial and more
costly.

For patients without a fracture, the three
bisphosphonates (assuming observational data for
etidronate) have a cost per QALY ratio of less than
£30,000 only at 80 years of age, or at 70 years
when it is assumed that the risk of fracture is
doubled.

For patients at a high risk of fracture, doubled risk
with a prior fracture, or 70 or 80 years of age with
a prior fracture, alendronate and risedronate
produced the most cost-effective results. If the
observational data from etidronate were to be
included then this intervention would produce
similar results.

In patients with a lower risk of fracture, raloxifene
is the optimal treatment; however, this is due far
more to its effects on breast cancer than on
vertebral fracture reduction.

Owing to its higher acquisition cost, teriparitide is
cost-effective only in patients with a very high
fracture risk, and this intervention has a high
incremental cost per QALY compared with
alendronate or risedronate.
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Chapter 7

Need for further research

key research recommendation is that the

vidence base for the efficacy of interventions
in women aged 80 years and over be
strengthened. At present this age range has the
potential to provide substantial savings for the
NHS, assuming that the efficacies seen in patients
at younger ages are applicable. If, as seen in the
RCT reported by McClung,?*! interventions do
not significantly reduce the number of hip
fractures at 80 years of age and over, the
conclusions on the cost-effectiveness at this age
would be dramatically different.

The cost-effectiveness data provide a provisional
hierarchical order of cost-effectiveness, but this
may not be robust owing to the lack of head-to-
head trials between interventions. Without such
trials either the provisional order should be taken
or no distinction made between drugs with similar
characteristics, such as alendronate and
risedronate.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

To model accurately the cost-effectiveness of
raloxifene it is recommended that its efficacy on
breast cancer is assessed using a dedicated breast
cancer model. The model used in this report was
initially developed to assess the cost-effectiveness
of interventions that reduce osteoporotic fractures,
with a simplified model of breast cancer
additionally incorporated. In this respect alone,
raloxifene had high cost per QALY ratios, which
were estimated at significantly lower levels when
breast cancer was included. The robustness of
these results cannot be guaranteed.

The advancement of osteoporosis modelling
should be continued. It is clear that the risks
associated with being osteoporotic are not
constant, as the risks at the age of 70 years will be
much greater than at 50 years. The decision to
treat should not be based on T-score alone, but
should ideally be based on the absolute risk of
fracture for a patient in the forthcoming year.
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