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Fo reword

enopause typically occurs in women around age 50. Accompany-
ing this life event is a decline in estrogen levels and an increase in
the rate of decline in women’s bone density. This rapid bone loss
increases women'’s subsequent risk of developing osteoporosis, a
disease characterized by low bone density and increased bone fragility.
Among the most serious consequences of osteoporosis is fracture of the hip,
which may result in substantial morbidity, prolonged hospitalization, and
death. Estrogen can prevent bone loss after menopause by replacing the
body’s own estrogen. Given the serious consequences of osteoporosis,
some osteoporosis experts have recommended that women have their bone
mineral density measured at the time of menopause and those with the low-
est bone mineral density be offedredrmone replacement therapyom-
prising estrogen given alone or in combination with the hormone progestin.
This background papdEffectiveness and Costs of Osteoporosis Screen-
ing and Hormone Replacement Theragssesses the medical benefits and
costs of both screening and hormone replacement therapy. It is divided into
two volumes. The first volumeGost-Effectiveness Analysjmesents the
results of a model that estimates the cost per year of life gained from osteo-
porosis screening and hormone replacement therapy in postmenopausal
women. The second volumigyidence on Benefits, Risks, and Cqggie;
vides the basis for the assumptions about the costs and effects of screening
and hormonal replacement therapy used in the cost-effectiveness model.
This background paper is one of three documents resulting from OTA's
assessment of policy issues in the prevention and treatment of osteoporosis.
This assessment was requested by the Senate Special Committee on Aging,
Senator Charles Grassley and Senator John Glenn, and the House Select
Committee on Aging, Representative Olympia J. Snowe, Representative
Benjamin A. Gilman, and former Representatives Brian J. Donnelly,
Thomas J. Downey, and Patricia F. Saiki. Two background papers in this se-
ries have beenissued, both in July 1%4blic Information about Osteopo-
rosis: What's’ Available, What's NeededihdHip Fracture Outcomes in
People Age Fifty and Over
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ummary
of

Findings

his background paper assesses the costs and effectiveness

of screening women for bone density once, at the time of

menopause (age 50) or alternatively at age 65, and placing

those with low bone density on long-term hormonal re-
placement therapy (HRT).

Based on a review of the literature, OTA made assumptions
about the major adverse health events affected by HRT: hip frac-
ture, coronary heart disease, breast cancer, endometrial cancer
and gallbladder disease. The base-case assumptions represent
OTA's judgments about the most likely level of effects. OTA also
looked at the effect of best-case assumptions (those most favor-
able to osteoporosis screening and HRT) and worst-case assump-
tions (those least favorable to osteoporosis screening and HRT)
on the estimated cost effectiveness of screening and HRT.

OTA's estimates include the costs (or savings) of hospital care,
nursing home care, and other long-term care due to disease-
related disabilities as well as the costs of screening and HRT. OTA
did not include the cost of unpaid care provided by family and
friends.

Because evidence on the quality of life associated with HRT
and the diseases affected by it is scanty and even nonexistent for
some conditions, OTA estimated HRT'’s impacts only on the
length of life, not on its quality. Yet, HRT may have a major im-
pact on quality of life through its short-term side effects and relief
of menopausal symptoms and its long-term impact on fractures,
heart disease, breast cancer, and endometrial cancer. Many elder-
ly women with hip fractures, for example, never regain full func-
tion or independence. This summary identifies the conditions
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TABLE A: Principal Effects of Hormone Replacement Therapy

ERT PERT

Base case Direction of Base case Direction

assumptions effect’ assumptions  of effect®
Reduction in bone loss while on therapy 100% + 100% +
RR of heart disease while on therapy 0.5 + 0.8 +
RR of breast cancer after long-term therapy 1,35 1.35 -
RR of endometrial cancer after long-term therapy 7.0 1.0 0
RR of gallbladder disease while on therapy 25 2,5 -

‘Indicates whether the base case assumption does ( + ) or does not (-) Improve the cost-effectiveness ratios of the screening/ttreatment regimens
KEY: ERT = estrogen replacement therapy, PERT = progestin/estrogen replacement therapy, RR = relative risk

SOURCE Off ice of Technology Assessment, 1995

under which quality of life considerations could
alter judgments about the most appropriate
screening/HRT  strategy.

HRT regimens consist either of estrogen given
aone (ERT) or estrogen given in combination
with a progestin (PERT). Evidence is strong that
ERT retards the rate of bone loss and reduces the
risk of hip fracture, but it also increases the inci-
dence of endometrial cancer. Suggestive evidence
also exists for areduced risk of coronary heart dis-
ease and an elevated risk of breast cancer and gall-
bladder disease in women on ERT for extended
periods of time. PERT eliminates the excess risk
of endometrial cancer, but it may also reduce the
heart disease benefits associated with ERT. OTA’s
base case assumptions regarding the impact of ERT
and PERT on each disease are shown in table A.

OTA examined a number of screening/HRT
strategies, defined by the age at which bone min-
eral density (BMD) measurement occurs, the
BMD threshold for initiation of a course of long-
term HRT, and the duration of therapy. The
screening/HRT strategies examined are listed in
table B.

OTA'’s cost-effectiveness analysis can be used
to guide overall public health policy, including de-
cisions about educational programs or payment
for screening or HRT, but it is not intended to
guide individual decisions regarding BMD
screening or long-term HRT. Individual women’s

risks of the various conditions and diseases af-
fected by HRT vary, as do their assessments of the
guality-of-life implications of various outcomes.

The findings of OTA'’s cost-effectiveness anal-
ysis are summarized below:

- Given base case assumptions, screening
women for osteoporosis at menopause and
placing those with low bone density on long-
term ERT would deliver an additional year of
life for about $27,000, which is a reasonable
cost per added year of life compared with many
interventions currently paid for by public and
private third-party payers.

» Given base case assumptions, placing all
women on long-term ERT at menopause, with-
out screening for bone density, would deliver
an additional year of life for about the same
amount, roughly $23,000.

= Although the cost per added year of life is about
the same for these two preventive strategies,
their aggregate costs and benefits differ. The
aggregate cost of the latter approach is higher
than the former because more women are
treated, and the aggregate benefits are aso
higher because more lives are saved (about
11,000 years of life per 100,000 women entered
in the program vs. about 1,800 years of life per
100,000 women, respectively).



TABLE B: BMD Screening/HRT Strategies
Considered by OTA

Age at which BMD measurement occurs:
.50 years old

.65 years old

BMD threshold for initiating a course of therapy:
.BMD 1 standard deviation below the mean
«BMD below the mean of the population

« Offer HRT to all women (no BMD screening)
Duration of therapy:

« 10 years

« 20 years

« 30 years

«40 years

KEY: BMD = bone mineral density; HRT = hormone replacement
therapy,

SOURCE Off ice of Technology Assessment, 1995.

» Regardless of the screening/treatment strategy
chosen, the cost per added year of life declines
dramatically with the duration of ERT, so that
alifelong course of therapy deliversthe great-
est benefit per dollar spent. Shorter durations of
HRT—10 to 20 years-are less cost-effective
than are longer treatment durations, largely be-
cause substantial medical benefits accrue only
when women stay on the therapy into old age,
when hip fractures and heart disease would rise
dramatically. OTA’s model suggests that 10
years of HRT is extremely costly regardless of
whether or how HRT is targeted.

= OTA'’s estimated cost-effectiveness ratios are
most sensitive to assumptions about the effect
of ERT on heart disease. In the base case, OTA
assumed the existence of a substantial reduc-
tion in heart disease with ERT. This assumption
may be incorrect because the evidence of heart
disease benefits from ERT is based on observa-
tional studies, which may be biased. If ERT has
no heart disease benefit, the cost per added year
of life for all screening/ERT strategies would
be high. In this circumstance, putting all
women on a lifetime course of ERT would cost
roughly $450,000 per added year of life.

Summary of Findings 13

Screening women for osteoporosis at meno-
pause and placing those with low bone density
on long-term ERT would cost less—roughly
$155,000 per added year of life—but it is sub-
stantially more costly per added year of life
than are most preventive technologies current-
ly accepted for Medicare payment.

If ERT has no heart disease benefits, the quali-
ty-adjusted cost-effectiveness ratio of screen-
ing and long-term ERT for those with low bone
density would depend on the improvement in
quality of life from fewer fractures compared
with the decline in quality of life from in-
creased risks of breast and endometrial cancer.
The impact on quality of life from fracture inci-
dence reduction would occur relatively latein
life, because most fractures occur in the very
old, whereas the quality of life impacts of in-
creased cancer incidence would occur earlier in
life. Depending on the value people place on
these impacts, the quality-adjusted cost-effec-
tiveness ratio could be either higher or lower
than the unadjusted cost-effectiveness ratio
given above.

» Current practice is to prescribe PERT for long-

term therapy. Although PERT clearly elimi-
nates the excess risk of endometrial cancer, it
may also reduce the magnitude of heart disease
benefits obtained from ERT. Clinica trials
have demonstrated that the addition of proges-
tins reverses some or all of ERT's favorable ef-
fects on lipoproteins. Under OTA’s base case
assumption that PERT has a small but signifi-
cant effect on heart disease benefit of PERT,
placing all women on long-term PERT would
cost roughly $71,000 per added year of life.
Placing only those with low bone density on
long-term PERT would cost about the same
amount per added year of life.

» |f PERT has no heart disease benefit, the cost

per added year of lifeisvery high for all screen-
ing and treatment strategies. For example, the
cost of putting all women on PERT would be
about $262,000 per added year of life. Quality-



of-life adjustments could change this ratio, buts
the magnitude and direction of the change can-
not be predicted with currently available evi-
dence.

= OTA considered including the cost of vertebral

and other fractures associated with osteoporo-
sis in the analysis, and did not do so. Good esti-
mates of the health care costs associated with
these fractures are unavailable. As discussed in
the report, the costs of wrist and vertebral frac-

tures are very low in comparison with the costs

of other adverse health conditions considered
in this analysis. OTA therefore concluded that

adding these costs would make no difference to
the basic conclusions of the study. -

= OTAs estimates of cost effectiveness assume

complete compliance with HRT, which may be
unrealistic. Studies have shown that long-term
compliance with HRT is low, usually below 20
percent. The effect of incomplete compliance is
to reduce the cost effectiveness of all screening/
HRT regimens considered. For example, OTA
found that, if 50 percent of women were to ter-
minate ERT after only 10 years while the rest
of the population remained on therapy for life,
the cost per added year of life for this popula-
tion as a whole would be $73,000. Although
new HRT regimens under development may
have fewer undesirable side effects, their ulti-
mate impact on compliance is unknown.

= Beginning HRT at older ages (e.g., 65 years of

age) may be more cost-effective than beginning
it at the time of menopause, but such a conclu-
sion depends on extrapolating the range of car-
diac benefits seen in women who begin HRT at
menopause to women who begin therapy at
older ages.

4 | Effectiveness and Costs of Osteoporosis Screening and Hormone Replacement Therapy

Some osteoporosis experts propose that HRT
should be targeted to those postmenopausal
women at highest risk of fracture, as deter-
mined by BMD screening. There may be other
methods, however, of selecting women who
would gain the most from HRT. If HRT is effec-
tive for prevention of heart disease, for exam-
ple, then it may be less costly and more
effective to screen women for risk of heart dis-
ease and target HRT to those at highest risk.
Furthermore, targeting HRT to those postmen-
opausal women with low bone density may dis-
courage those women with low risk of fracture
and high risk of heart disease from taking HRT.

Bone density screening may increase uptake of
and continuous compliance with HRT. The ef-
fectiveness of osteoporosis screening as a tool
for improving compliance should be evaluated
against other methods for improving com-
pliance. In addition, the use of bone mass
measurements in inducing other changes in
lifestyle needs evaluation in comparison with
other methods of inducing multiple lifestyle
changes.

OTA analyzed the cost effectiveness of a hypo-
thetical drug to maintain bone density without
any of the adverse or beneficial side effects
associated with HRT. OTA assumed that such
a drug would cost about $250 per year (the
annual cost of PERT today). Screening women
for BMD and placing those with the lowest
BMD levels on a targeted osteoporosis drug
would cost approximately $155,000 per added
year of life. Adjusting this ratio for improve-
ments in the quality of life due to reduction in
the number of fractures would surely make
such a drug more cost-effective depending on
the value people place on these improvements.



Cost- Effectiveness
Analysis

steoporosis is a disease characterized by low bone densi-

ty and increased bone fragility, which reduce bone

strength. As a contributing factor in fractures of the hip

and other skeletal sites in older people, especially older
women, osteoporosis takes a high toll in lost years of independent
living and expenditures for health care. The major source of mor-
bidity and mortality from osteoporosis arises from hip fractures.
OTA estimates that total societal expenditures for hip fractures,
not all osteoporosis-related, were $5 billion in 1990 (132).

The search for ways to prevent osteoporosis and its conse-
quences has led some experts to espouse screening for women
around the age of menopatigabout 50 years of age) to identify
those with low bone density who are at greater risk of fracture in
subsequent years. Several technologies that measure bone densi-
ty have been proposed as good screening tools for predicting fu-
ture bone density and, hence, future risk of fractures. These
available technologies include single photon absorptiometry
(SPA), dual photon absorptiometry (DPA), dual energy x-ray ab-
sorptiometry (DEXA), and quantitative computed tomography
(QCT). Proponents claim that such screening would allow clini-
cians and counselors to target preventive interventions to those at
highest risk and thus offer improved health at a reasonable cost
(94).

1 Menopause occurs naturally around age 50. Menopause is also a secondary conse-
guence of surgical removal of the ovaries (bilateral oophorectomy) and of diseases caus- | 5
ing premature failure of the ovaries.
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The benefits of screening a population for hightive therapy are reduced to a single measure of ef-
risk of future disease or adverse events depend dectiveness—the extra years of life, sometimes
the availability of interventions that are effective adjusted for differences in their quality, that are
in preventing those events. In the case of fracturegained or lost as a result of the preventive strategy.
associated with osteoporosis, many approaches Tthe average cost of achieving a given increase in
prevention have been proposed, including patierthe length or quality of life is the cost-effective-
education, exercise, diet, dietary supplementsjess ratio.

and architect_ural modific;ations of Iiving_ quarters o7 developed a computer model of the costs,
for those at risk. The evidence supporting the efgig s and effectiveness of bone-density screening
fectiveness of these alternatives is mixed (15, 22and HRT in women eligible for HRT. The model
92). predicts the cost of bone-density screening and the

Pharmacologic approaches have also beeincidence and costs of the major adverse health
sought. Although research is currently underwayevents associated with osteoporosis and HRT.
on a number of compounds that might be effectivd’ hese major events include hip fracture, heart at-
in altering bone strength or the speed of bone logsick, breast cancer, endometrial cancer and gall-
as women age (53, 54, 77, 103, 111, 120), toddgladder disease.

only one medicine has been recognized by the Thjs hackground paper contains two volumes.
U.S. Food and Drug Administration (FDA) as ef-Thjs first volume describes the cost-effectiveness
fective for the prevention of osteoporosis: the '®model, including the assumptions regarding the
productive hormone estrogén. cost of screening and the effectiveness, risks, and

This background paper assesses the medical €fosts associateq w'ith various .HRT strategies. It
fectiveness, medical risks, and health care cosfyesents OTAs findings regarding the cost effec-
associated with screening women for bone densitiiveness of alternative strategies for screening and
once, at age 50, or alternatively at age 65, andRT, and it analyzes the sensitivity of the findings
placing those withow bone density on long-term to uncertainty about the assumptions. The final
hormone replacement therapy (HRT). section compares the results of OTAs cost-effec-
tiveness analysis with those of previous analyses
Hormone replacement therapy refers to estro- . LT

. . . and discusses the implications for health care
gen given alone or estrogen given sequentially or _:
; L : . . policy.
in combination with a progestin. In this report, _ -

HRT is a general term referring to either regimen, The evidence on the benefits, risks and costs of
where a distinction is not necessary. When we argRT is summarized in Volume I of this report.
referring specifically to estrogen given alone, WeThat volume also_glves the rat-lonale for the struc-
call it estrogen replacement therapy (ERT). Wheriure and assumptions underlying the OTA cost-ef-
a statement refers specifically to estrogen and prdectiveness model.

gestin, it is called progestin/estrogen replacement

therapy (PERT). MODELING THE COST EFFECTIVENESS

OTA estimated the cost effectiveness of severa‘pF OSTEOPOROSIS SCREENING/HRT

screening and treatment strategies by estimatir@TR'A\TEGIES

the net health care cost per year of life gained frof®TA developed a computer simulation model of
each strategy. In a cost-effectiveness analysis, theehypothetical sample of women eligible for bone-
multiple health effects of screening and prevendensity screening and HRT beginning at age 50

2Estrogen has been approved for marketing for the prevention and treatment of osteoporosis. Calcitonin has been approved for treatment of
established osteoporosis, but its approval is qualified (106).
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and ending either at death or at age 90, whichever For those women placed on HRT, the probabili-
comes first. For each woman in the sample, thées of subsequent health-related events (e.g., hip
model creates a fabricated health record that irfracture, heart attack, death, etc.) are adjusted to
cludes all relevant measures of each woman'seflect the benefits or risks of hormone therapy.
health status (e.g., whether she has a condition dihe computer then constructs each woman'’s
disease of interest) and health-related events (e.dnealth record year by year. In subsequent years,
whether she is diagnosed with or dies from aach woman is assigned to certain disease or death
condition or diseasé). states with given probabilities depending on her
gge, current BMD, and whether she is currently on
erned by the laws of probability, the computer as2' €V€r has bee_n placeo_l on HRT. As each woman's
gealth record is compiled, the computer keeps

signs health states and health-related even K of h health-related di h
randomly according to predetermined probabilitytrac of each hiealin-realec event, recorcing the

distributions* When a computer model deter- age at Whic_h the gvent occurred and the health
mines what happens to each member of a hypc?-OSts associated with it.

thetical sample by figurative spins of a roulette After the lifetime health record is constructed,
wheel, itis referred to as a Monte Carlo simulatiora woman’s total lifetime health care costs and
(73). number of years of life lived are computed. The
estimated costs and effects incurred over time are

cﬁiiscounted to their net present value in the year the

health record begins with a random assignment 5 I inth |
bone mineral density (BMD) at age 50 (or otheProgram beg"’.‘ Across allwomen in the samp &
he mean lifetime health care cost and years of life

starting age when appropriate). Preventive strate:-

gies correspond to specific BMD threshold val- ived are est_lmates of _the average experience
ues. ie. BMD values below which HRT is associated with the particular preventive strategy

initiated. Whether the woman is placed on HRT{(C' N0 prevention) in the population of women
depends on whether her BMD falls below the speffo™ Which the simulated sample was drawn.

cific threshold. Any woman whose measured The effectiveness of a specific screening/HRT
BMD is below the BMD threshold is placed on strategy (defined by a specific BMD threshold and
HRT. duration of HRT) is estimated by computing the

Because many health states or events are go

OTA's Monte Carlo simulation of a woman'’s

3 The computer simulation model is written in the Mumps computer language (Micronetics Standard Mumps (MSM) version 3.0 published
by the Micronetics Design Corp.). Although MSM Mumps is a complete implementation of the ANSI standard implementation of Mumps, the
OTA model makes use of MSM functions and utilities that may not be compatible with other implementations of Mumps. Copies of the program
and documentation are available from the National Technical Information Service, Springfield, Virginia (NTIS # PB95-209805).

4 Computers generate random numbers which can be used to determine whether some characteristic or event is assigned to a subject. When a
program calls for a random number between 0 and 1, the computer generates a number which is equally likely to be anywhere in the interval
between 0 and 1. This randomly generated number is then used to determine whether an event occurs. Suppose, for example, that 3 per 1,000
70-year-old women die from heart attacks. When a hypothetical woman in the simulation reaches the age of 70, the computer generates arandom
number with some value between 0 and 1. If the value of the random number is between 0 and 0.003, the health record is noted with the woman’s
death from heart attack, and the health record ends. If the random number generated by the computer is above 0.003, then no heart attack is
recorded for that year and the woman continues to be subjected to various risks until she either dies from an assigned health-related event or the
record closes at age 90.

5To compare outlays occurring in different time periods, they must each be discounted to their present value in the year of program initiation.
The discounting of health effects as well as costs is necessary to ensure that programs whose benefits lie well in the future will not be found more
cost-effective if postponed indefinitely (69). A discount rate of 5 percent per year was used to convert both years of life lived (effects) and costs in
future years to their present value in the year the program begins. Although other discount rates may be used, a discount rate of 5 percent has
become a commonly accepted value in health cost-effectiveness research. Use of a standard discount rate permits comparison of the results of
this analysis with the results from the cost-effectiveness analyses of other health interventions.
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difference in the net present value of years of lifcomplex set of diseases affected by bone-density
lived by the sample of women who undergo thescreening and HRT. OTA made base case assump-
strategy and the net present value of years of liféons, representing our best estimate of the true
lived in a hypothetical sample of women not sub-structural relationship or parameter value. A stan-
jected to screening and HRT. The net costs of théard technique for dealing with uncertainty about
screening/HRT strategy are estimated as the diparameters is to perforsensitivity analysisthat
ference in the net present value of lifetime healtlis, to assess how sensitive estimates of cost and ef-
care costs incurred by the sample of women urfectiveness are to changes in parameter values.
dergoing the strategy and the net present value @TA analyzed the sensitivity of the cost-effective-
lifetime health care costs incurred by a sample ofiess results to alternative values of specific pa-
women not subjected to the strategy. The cost efameters. In addition, we constructed best case
fectiveness of the strategy—the ratio of the differand worst case sets of assumptions to test how si-
ence in costs to the difference in years of lifemultaneously setting several uncertain parame-
lived—is expressed as the net cost per year of lifters to their upper or lower limits would affect the
gained from the preventive strategy. estimated cost effectiveness of the intervention.

The validity of this kind of model as a true pic-  Assessing the sensitivity of results to changes
ture of the expected effects and costs of varioul! structural assumptions was not possible be-
preventive strategies depends on the accuracy 6fuse it would require extensive reprogramming
the underlying assumptions about costs, risk off the computer model. In the next section, we
disease and death1 the effects of therapy, eté_ummarize all of the majOI’ structural and paramet-
These assumptions are of two kinds: structurdlic assumptions (including the range of values
and parametric. Structural assumptions goverfonsidered in sensitivity analyses) in the OTA
the shape of the relationship among the varioug1odel of osteoporosis screening.
measures of health status throughout a woman’s
life. For example, the model may assume that &1 Structure and Assumptions of OTA’s
woman’s risk of breast cancer is altered by HRT Osteoporosis Screening Model
only after she has been exposed to the therapy fagaple 1 lists the potential effects and costs brought
a certain length of time. That the risk of breast cangpout by any particular osteoporosis screening
cer is altered only after a certain length of therapyand HRT regimen. Screening and subsequent
is a structural assumption. Parametric assump4RT potentially affect both costs and health out-

tions, orparameters describe the magnitude of comes in both positive and negative ways.
the structural assumptions. Using the above ex-

ample, the model may assume that the length E\
therapy required before the risk of breast cancer |
elevated is 10 years. The assumption that 10 ye
is required is a parameter of the motiel.

The primary motive for bone-density screening
nd long-term HRT in those witbw bone densi-
is to reduce hip and other fractures that are
ore frequent in women with osteoporosis. By re-
tarding the rate of decline in bone density after
Uncertainty about both structural assumptionsnenopause, HRT helps protect women from frac-
and specific parameters abounds in a model of thteres.

6 The cost-effectiveness ratio is uninterpretable if it is negative. A negative cost-effectiveness ratio occurs either when the preventive strategy
actually reduces health care costs without reducing effectiveness (i.e., cost saving), or when the preventive strategy results in a net increase in
costs and reduction in health (i.ed@minatedstrategy).

7 The assumption about the magnitude of the alteration in breast cancer risk is also a parameter of the model.
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TABLE 1: Effects and Costs of Osteoporosis Screening

Included in
Effects and costs of osteoporosis screening OTA’s model?
Effects
Longer life
« Treatment with HRT may reduce the risk of death from hip fracture yes
. Treatment with HRT may reduce the risk of death from heart attack yes
Shorter life
. Treatment with HRT may increase the risk of death from breast cancer yes
« Treatment with HRT may increase the risk of death from endometrial cancer yes
Higher quality of life
. Treatment with HRT may reduce the pain and disability associated with hip fracture no
« Treatment with HRT may reduce risk of painful fractures of the spine and other sites no
« Treatment with HRT may reduce the pain and disability associated with coronary
heart disease no
« Treatments with HRT relieve menopausal symptoms no
Lower quality of life
= Treatment with HRT may increase the risk of pain and disability associated with
breast cancer no
= Treatment with HRT may increase the risk of pain and disability associated with
endometrial cancer no
= Treatment with HRT may increase the risk of pain and temporary disability associated
with gallbladder disease no
» HRT itself may Involve side effects, such as vaginal bleeding, that involve pain
and discomfort. no
costs
Higher costs
« Screening for osteoporosis yes
«HRT (Including followup physician visits and procedures) yes
« Treatment of induced breast cancer yes
« Treatment of induced endometrial cancer yes
. Treatment of induced gallbladder disease yes
Lower costs
. Prevention of hip fractures yes
« Prevention of other fractures no
« Prevention of coronary heart disease yes

SOURCE Off ice of Technology Assessment, 1995

HRT has other consequences, however, some  More uncertain are the impacts of HRT on breast
of which are good, others bad. The evidence is  cancer and heart disease, which may aso differ be-
strong that prolonged use of ERT increasesthein-  tween ERT and PERT. OTA assessed the available
cidence of endometrial cancer. PERT, on the other ~ evidence to arrive at a best estimate of these ef-
hand, appears to eliminate this increased risk. fects.
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Excluded Impacts In five of seven activities of daily living, heart dis-
OTAs model includes estimates of each potentiaéase accounted for a greater percentage of the total
category of cost and effect listed in table 1. Thesdisability discovered in elderly members of the
estimates include costs of hospitalization, nursing-ramingham cohort than did hip fracture (50).
home care, and other long-term care due to dis- Finally, HRT relieves symptoms of meno-

ease-related disabilities. They do not include thgayse, such as hot flashes, painful intercourse, and
costs of unpaid care provided by family or friends;yritability. But HRT also has side effects such as
The model also does not measure changes in thriodic bleeding, depression, bloating, weight
quality of life associated with HRT. Finally, it gain, and breast tenderness. Indeed, many women

does not include changes in the incidence of fracstop HRT when they find the side effects of the
tures other than those of the hip. The reasons fQﬁerapy intolerable (145).

these omissions from the model are considered The maior broblem with including aualit-of-
below. The implications for the findings of the life im actjs inpa cost-effectiveness z;?ngl sisyis that
study of omitting these costs and effects are dis[:_)eoplg’s oreference for time spentin eagh possible
cussed in the concluding section. state of health resulting from HRT must be
compared with preferences for the same amount
Impacts on quality of life oftime in a disease-free state. To compare changes
The consequences of bone-density screening amathe length of life with changes in its quality, one
HRT for women’s quality of life are not trivial. would have to know how many years of healthy
HRT affects the incidence of all kinds of fractures life consumers would be willing to give up to
and each kind of fracture involves some loss otvoid a certain period spent in a specific disease
function or enjoyment for a short or long duration.state? The value of a year of life lived with a spe-
Box A summarizes the evidence on the effects oific outcome (say, a hip fracture) would be ex-
three of the most common kinds of osteoporosispressed as a quality-adjusted-life-year (QALY), a
related fracture—nhip, spine, and wrist—on shortpercentage of a year of healthy life. Although
and long-run functional status. Hip fracture takesabundant information exists on the impact of hip
the greatest toll not only in terms of mortality fracture, heart disease, breast cancer, and other
(which is accounted for in OTA's model) but alsodiseases on functional ability and other aspects of
in terms of long-term effects on ability to function quality of life, the evidence is extremely sparse on
independently. how these impacts translate into QALYs.

Fractures are just one of the diseases or condi- In a study of QALYs in 67 patients who had sur-
tions affected by HRT. HRT also alters the inci-vived a heart attack at some point in the previous
dence (and possibly severity) of heart diseas&8 months, for example, the patients rated a year
breast cancer, endometrial cancer, and gallbladder life lived in their current state of health as equiv-
diseas® The impact of these diseases on funcalent on average to 0.88 years of life in excellent
tional status is also major. Data from the Framinghealth (129). This valuation did not vary with time
ham Heart Study suggest that in the aggregatsjnce the heart attack and was uncorrelated with
heart disease has a greater impact on functional lchanges in patients’ functional status over time.
mitations in the elderly than do hip fractures (50) Whether this value reflects those of people who

8n a cost-effectiveness analysis, the quality of life impacts of hip fracture would be discounted relative to cancers, given that hip fractures
occur late in life and cancers much earlier (23).

9 There are many theoretical and practical issues in measuring consumers’ preferences for various states of health or disease. Whose prefer-
ences should be measured and when and how such preferences should be elicited are basic unresolved issues at present (133).
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BOX A: Impact of Fractures on Functional Limitations

Osteoporosis has been linked to an increase in the frequency of all kinds of fractures (14, 121)
The three most common osteoporosis-related fractures—those of the wrist, spine, and hip—have
unique profiles of effects on the severity and duration of functional limitations, Wrist fractures cause tem-
porary partial disability and sometimes longer term loss of function Spinal fractures are frequent in
women with osteoporosis, but the majority do not cause symptoms severe enough to seek medical
care. Hip fractures not only involve a short-term risk of mortality, but they also have a major impact on
long-term function Each of the three major kinds of fractures is discussed below

Wrist Fractures: Wrist (Cones’) fractures occur frequently in postmenopausal women, Like other
fractures, the incidence of wrist fractures increases with age, For example, among white women in
Rochester, Minnesota, in the 1970s the annual incidence of wrist fracture increased from 3.6 per 1,000
in women ages 50-54 to 6.9 per 1,000 in women 85 years of age or older (1 00), At any age, women with
low bone mass have a higher Incidence of wrist fractures (14, 56, 121)

Although wrist fractures do not cause death, they are painful, usually require one or more reduc-
tions, and need 4 to 6 weeks in a plaster cast to heal (65). An estimated 20 to 31 percent of wrist frac-
tures are accompanied by short-term complications, including damage to the skin, fascia, tendons, and
nerves (71).

Wrist fractures may also result in long-term functional impairment for a small percentage of pa-
tients. Full recovery generally takes a full year after fracture (35) In a Finnish study, 6 percent of pa-
tients had pain in the wrist area and 22 percent noted pain at the joint between the radius and ulna
bones of the forearm at 6 months after the fracture (68). OTA found no empirical evidence on wrist func-
tion beyond the first year following fracture, but a small proportion of women can be expected to have
permanent decline in wrist function.

Vertebral Fractures: Fractures of the spine (vertebra) are the most common kind of osteoporosis-
related fracture Estimating the relationship of bone mass to vertebral fractures i1s much more complex
than with other fractures, in part because there is a lack of agreement among experts about the radio-
logic definition of vertebral fractures (14), On x-ray, vertebral fractures appear as vertebral deformities,
rather than as a distinct fracture, The best evidence suggests that the risk of vertebral fractures in-
creases two-fold with each standard deviation of bone mass below the mean BMD for a given age (14)

The prevalence of vertebral deformities in white women 50 years of age and older in Rochester,
Minnesota, is estimated at 25,3 percent (87), (Black women have a much lower incidence of osteopo-
rotic fractures, ) Most vertebral fractures, however, do not cause symptoms and are never brought to
clinical attention In another study of almost 3,000 non-black women ages 65 to 70 recruited from the
community, 606 percent had vertebral deformities, but only those with the most severe deformities
(10,2 percent of the total population) had significantly higher levels of back pain, disability, or loss of
height compared to women with no vertebral deformities (39), Because women with back pain might be
more likely to volunteer for a study of osteoporosis, the prevalence of back pain in this group of women
is likely to be higher than in the general population, Whereas 66 percent of women with no vertebral
deformities had back pain at least rarely during the past year, 78 percent of women with severe defor-
mities had back pain at least rarely; thus, about 12 percent more women with the most severe deformi-
ties were likely to experience back pain than those without any deformities. This suggests that under
1 3 percent of the total population of women 65 years of age and older suffers back pain as a conse-
quence of severe vertebral deformities, most of which are due to osteoporosis (38) The same study
found that women with the most severe vertebral deformities tended to have more problems with overall
health, and did not rule out the possibility that other health conditions affecting pain and disability may
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BOX A: Cent'd.

also be correlated with vertebral fractures. Consequently, these estimates represent the maximum inde-
pendent effect of vertebral fractures on pain and disability.

Of women with severe vertebral deformities, about 16.4 percent reported having much difficulty
with one or more activities of daily living because of back pain within the past year, compared with 82
percent of women with no spinal deformities (39) This suggests that under 0.83 percent of the total
population of elderly women had some decline in function as a result of severe vertebral deformities
Other studies have found Impacts on functional abilities of about the same order of magnitude (124).

Hip Fractures: The risk that a 50-year-old woman will fracture her hip sometime during the rest of
her life is about 16 percent (14). The risk of hip fracture is reversely related to bone mass at all ages
above 50. (See appendix D )

Most of the recovery of functional abilities following a hip fracture occurs within the first 6 months
after the fracture (62, 79). Three studies found that after 6 months, only about one-third of all elderly hip
fracture patients regain their pre-fracture level of functioning (33, 62, 90).

A prospective study of a cohort of over 2,800 community-living elderly women traced the loss of
function in 120 who sustained a hip fracture during the 6-year study period (81) Of the 120 women with
hip fracture, 98 survived at least 6 months. Of the survivors, the percentages who could perform various
functions, compared with those able to perform them at the beginning of the study, are shown below

At baseline 6-month post-fracture
Dress independently 86% 49%
Transfer independently 90 32
Walk across room independently 75 15
Climb a flight of stairs 63 8
Walk 1/2 mile 41 6

Other studies of changes in functional abilities in older people also clearly illustrate the severe
impact of a hip fracture, One study of change in functional abilities over a 6-year period among 356
older people in California found that a hip fracture led to significantly greater loss of functional abilities
than any of the other acute medical conditions measured, including heart attack, stroke, and cancer
(66). Another study of change in mobility over a 6-year period among 7,000 older people in three loca-
tions found that the risk for loss of mobility was two to five times greater for people who had a fracture
than for people who did not (51). Moreover, the relative risk of loss of mobility was greater following a
hip fracture than a heart attack, stroke, or cancer. In the aggregate, however, heart disease may have a
greater effect on functional ability than hip fracture because of its much higher Incidence in elderly
women (50)."

'Based on estimates of the age-specific heart attack death rate and estimates of the ratio of fatal to nonfatal heart attacks, OTA
estimates that the risk that a 50-year-old woman will have a heart attack sometime in her life is roughly 22 percent

have never had a heart attack is unknown, because
there are no other similar studies.

“Measuring time trade-offs in healthy people who lack direct experience with the disease under study requires that they be informed about
the health states they are being asked to value. How such information is framed and how diseases are labeled can affect the values people assign to

them (46).

Two studies of QALY s in breast cancer have
shown that the value of a year lived with breast
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cancer varies greatly depending on the stage of the OTA also did not measure the costs of informal
disease at diagnosis, the prognosis for dying ofunpaid) assistance provided by family and
breast cancer (versus other causes), and other ifniends to patients with the conditions and dis-
formation provided to respondents about the diseases affected by HRT, because very little in-
ease (8, 52). As is generally true in most QALYformation is available on the amount of such care
studies across diseases, women with breast cang@ovided to patients of various ages with hip frac-
gave a higher value to living a year of life with thetures, heart attacks, breast cancer, endometrial
disease than did women without breast cancer. loancer, or gallbladder disease. The net effect of ig-
an Australian study, women over 40 years of agaoring this dimension of cost on the cost effective-
rated a year with breast cancer with a favorabl@ess of various screening and HRT strategies is
prognosis as equivalent to 0.79 healthy years ainknown, because the savings in such care from
life and a year with breast cancer with a poor progreductions in fractures and heart attacks are bal-
nosis as equivalent to 0.3 healthy years of lifeanced to an unknown extent against extra costs
(52). from the increased incidence of breast cancer, en-

Despite the abundant evidence that functionafiometrial cancer, and gallbladder disease. How-
dependency increases after a hip fracture, there af¥€r, the value of these services may not be very
no empirical estimates of QALYs associated witWMmPortant compared with the other health care
hip fracture!! It would be dangerous to speculateCOSts of these diseasts.
on such values based on what we know about
functional status after a hip fracture, becaus®one Density, HRT, and Hip Fracture
people’s willingness to pay to avoid a specific dis-The screening simulation model predicts, on the

ease is not a straightforward function of such elebasis of each woman’s measured BMD at age 50
ments. (the typical age of onset of menopause) and her as-

signed HRT regimen, the probability of hip frac-
Other omissions ture in each subsequent year of life. Ideally, such

OTA did not estimate the savings in health carét Prediction would be based on the results of con-

costs associated with reductions in wrist, vertelrolled clinical trials comparing hip fractures in
bral, or other fractures resulting from long-termWomen randomly assigned to HRT with those as-

HRT because data on these costs are not availabfidned a placebo or alternative therapy. Unfortu-
Because these fractures rarely lead to hospitaliz28tely, such studies do not exist.

tion or nursing home placement, the cost of treat- Although several studies have consistently

ing them is likely to be very low compared with found a relationship between HRT and the inci-

the cost of hip fractures and other diseases affectetknce of hip fractures (see appendix B for a sum-
by HRT. Thus, the effect of this omission on costmary of all such studies), none of the existing

effectiveness ratios is likely to be very small.  studies of this relationship are randomized pro-

11 Several osteoporosis cost-effectiveness studies have used estimates based on the subjective judgment of an individual or a small group of
experts (23, 34, 127). Because such estimates have not been tested or validated, they serve only as exploratory studies.

12 For example, one study of hip fracture patients age 65 and over who were treated in seven Maryland hospitals found that, two months after
the fracture, 88 percent were receiving an average of 44 hours per week of informal care from family members and friends (67). However, before
the hip fracture, 82 percent of the patients had received an average of 41 hours of informal care, so the difference (which was not statistically
significant in the study) in the amount of family care given to hip fracture patients, particularly elderly patients, may not be great. A later report on
this cohort found that direct nonmedical and informal care costs were lower six months or more after fracture than they were during the six
months prior to the fracture (16). The investigators posited that this result may be due to chronic diseases in patients prior to hip fracture. Al-
though OTA did not include the value of lost earnings, this value is also small, given that virtually all osteoporosis-related hip fractures occur in
persons past the age of retirement.
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spective clinical trials. All existing studies are ob-erates at a rate similar to that seen immediately af-
servational studies, where treatment and contrder menopause in untreated women (25,1#6).
groups are not randomly assigiédrhe limita-

ventlo_n and a clinical outcome are well kr?Own'fracture in two steps. First, we estimated the im-
More importantly, none of the existing studies of

. - . 1pact of HRT on BMD at each age. Then we esti-
HRT and fracture examine a specific duration o

HRT: rather. th call h mated the impact of BMD at each age on the
’ _rat er, they typically report on the averag robability of a hip fracture at each age. Thus, all
experience of a sample of women whose HR

. . ) effects of HRT on hip fracture were assumed to
Ias_te_d forv_arylng Iengths of time. Thus, Whl_le th_ework through its effects on BMEE
existing evidence relating HRT to a reduction in
hip and other fractures is supportive of the exis- 1he general framework and specific parameters
tence of such effects, it provides little direct evi-Of @ method to predict BMDs and hip fractures in

dence on which to build a quantitative estimate ofvomen at each age between 50 and 90 were devel-
such effects. oped by Dennis Black under contract to OTA (14).

CIThe justification and details of the method are pro-

In contrast, numerous prospective controlled . . . . .
studies are available on the impact of HRT or\gr?;cljy |tr)1e|e:)p\)l\5)end|x D. The method is described

BMD. (See appendix C.) These studies show un-
equivocally that HRT reduces bone loss. For post-

menopausal women treated with estrogen, boneredicting BMDs

loss initially ceases almost completely, and som®ata are available from a number of sources on the
studies show that bone mass may increase slightflistribution (means, variances, and shape of the
and then show either maintenance or a gradudlistribution) of BMDs, measured at the proximal
long-term decline. Long-term estrogen users haveadius (wrist), with single photon absorptiometry
been shown to have significantly more bone min{SPA) at each age. (See appendix D.) Some data
eral than matched controls at all sites measureare also available on the correlation between a
(15). The reduction in the rate of bone loss continwwvoman’s measured BMD at age 50 and her BMD
ues as long as estrogens are taken (74, 75). Oncesubsequent years. On the basis of Black’s re-
estrogen therapy is discontinued, bone loss acceliew of available data and estimates, OTA as-

13 Observational studies include both case-control and cohort studies. In case-control studies, the frequency of a suspected causative factor,
such as estrogen use, is compared in a group of people who have a disease (cases) with those who do not (controls). If this factor is found with
greater (or less) frequency in those with the disease, a causal association may be suspected. In cohort studies, the investigator begins with a group
of subjects (theohor), some or all of whom are exposed to a suspected causative factor, and follows this cohort over time for development of a
disease. Comparison is made with a control group composed of unexposed members of the cohort (internal controls) or to subjects outside the
cohort who are similar to members of the cohort, but who have not been exposed to the suspect factor (external controls).

141n the absence of hormone therapy, bone loss accelerates in the five years or so immediately following menopause and then proceeds more
gradually in subsequent years (14, 20, 24, 56, 72, 74, 75, 82, 84, 85, 86, 88, 95, 115, 140).

15This assumption may either underestimate or overestimate the true number of hip fractures prevented by HRT. On the one hand, HRT may
reduce hip fracture risk through mechanisms in addition to increasing bone mass. For example, HRT may reduce hip fractures by improving
muscle strength and neuromuscular coordination, but this hypothesis is controversial (122). HRT may also prevent hip fractures by preventing
chronic conditions, such as heart disease, which make people prone to falling. On the other hand, the effect of bone mass on hip fracture risk may
be overstated because low bone mass may be correlated with other conditions predisposing people to hip fracture (30, 32, 42, 80, 107, 115).
Browner and colleagues analyzed deaths occurring after hip and pelvis fractures and found that most of the increase in mortality is due to under-
lying conditions that are unlikely to be much affected by reductions in the incidence of these fractures (17).



FIGURE 1: Mean Bone Mineral Density
(gm/cm’) by Age Predicted in OTA’s
Osteoporosis  Model
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sumed that at any age the BMD in a population of
women follows a normal (bell-shaped) distribu-
tion. Each woman’s BMD measured at the wrist
at age 50 is sampled from a normal distribution
with a meanBMDof0.814 gm/cm’and a standard
deviation of 0.1 gm/cm’. Although the mean
BMD declines with age as shown in figure 1, the
standard deviation is constant across ages. Subse-
quent BMDs are assigned on the basis of the start-
ing BMD, age-specific correlation coefficients
relating BMDs in each pair of years, and the mean
and standard deviation of BMD in the population
of women at each age. (See appendix D for de-
tails.)

Predicting the impact of HRT on BMD

HRT clearly retards bone loss and, according to
most trials, may actually stop bone loss for the
duration of therapy. Although the optimal dose of
estrogen is uncertain, studies have consistently
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shown that doses in the range of 0.625 mg per day
of conjugated estrogen or its equivalent are suffi-
cient to protect bone mass during the course of
therapy. (See appendix E for a discussion of the
evidence on alternative HRT regimens. )

OTA assumed as a base case that the mean
BMD in a sample of women on HRT would not
change for the duration of therapy, although indi-
vidual women’s measured BMD values will vary
randomly from year to year. “Thus, when a
woman is placed on HRT because of alow initial
BMD at age 50, her subsequent BMDs are as-
sumed to be sampled from a population distribu-
tion whose mean and standard deviation do not
change for the duration of therapy. (See appendix
D.) When HRT ends, BMD is assumed to decline
at the rate observed in women immediately fol-
lowing menopause.

The BMD parameters in OTA’s model are
based on bone-mass measurements taken by SPA
in the wrist. Newer densitometry techniques,
which measure bone mass at other body sites, may
predict fracture with greater precision. For exam-
ple, recent evidence suggests that DEXA mea
surements at the hip may predict the short-run risk
of hip fracture more accurately than does SPA at
the wrist (15). If such improved predictive accura-
cy were established over the long term, the effec-
tiveness of screening would increase. (The cost
effectiveness of screening would depend on the
relative costs of different densitometry tech-
niques.) Unfortunately, this possibility cannot be
explored at present, because data are unavailable
on either long-term prediction of hip fracture or
the correlation of BMD measurements over time
for any densitometry technique except for SPA at
the wrist.

Figure 2 shows the simulated BMD trajectory
of a woman whose initial BMD measured by SPA
at the wrist is 0.806 mg/cm*and compares it with
the simulated BMD trgjectories of two women

“The relationship between a woman's BMD values in any two consecutive years depends on the strength of the correlation between BMD
values measured over time. OTA’s contractor estimated the correlation coefficients based on data provided by Hui (56, 57, 58). See appendix D

for details.
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FIGURE 2: Bone Density in Three
Simulated Cases
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FIGURE 3: Cumulative Fractures per 100,000
Women Predicted in OTA’s Osteoporosis Model

20
16-
12- 8
8 No HRT , *
4 P
‘ L Lifetime HRT

50 55 60 65 70 75 80 85 90
Age

0 T
50 55 60 65 70 75 80 85 90

Age

SOURCE: Office of Technology Assessment, 1995

whose initial BMD values are similar but who are
placed on HRT for 20 years under the assumption
that BMD halts bone loss for the duration of thera-
py. Figure 3 shows the cumulative lifetime hip
fracture incidence predicted by the model for two
simulated samples of 100,000 women. In one
sample, none of the women is placed on therapy;
in the other, al women are placed on HRT for the
rest of their lives.

Because of uncertainty about the ability of HRT
to preserve bone mass in the long term (39), OTA
tested the sensitivity of the results to the assump-
tion that HRT reduces the rate of bone loss by one
half during the course of therapy.

Predicting hip fractures

The relationship between measured BMD in each
year and the probability of hip fracture is based on
data from the Study of Osteoporotic Fractures
(SOF) on age-specific bone mass and hip fracture
rates (31 ). The simulation model determines
whether or not to assign a hip fracture to each
sampled woman at each age from 50 through 90

SOURCE: Off ice of Technology Assessment, 1995

based on the probability of hip fracture, which is
calculated as a function of both age and BMD.
(See appendix D.)

Predicting hip fracture mortality

A hip fracture increases mortality, morbidity, and
costs for the patient, her family, and society. In a
separate background paper, OTA examined the
evidence on the consequences of hip fracture
(132). OTA concluded that hip fracture increases
the risk of death in the year following fracture, but
after the first year, the risk of death is no greater
than that of the general population of women at
each age. For the purposes of the model, therefore,
OTA assumed that a woman with a hip fracture
would have a probability of death in the subse-
quent year as shown in table 2. Those who survive
beyond the first year are assumed to have arisk of
death equal to that of the general population of
women of the same age.

Breast Cancer and Hormone

Replacement Therapy

HRT increases breast cancer risk by a small
amount, if at all. Consequently, the evidence on



TABLE 2: Mortality Rates Per 100 Women
in the First Year After Fracture

Age Value Age Value
50 0.054 73 0.121
51 0.056 74 0.128
52 0.058 75 0.135
53 0.061 76 0.142
54 0.063 7 0.149
55 0.065 78 0.156
56 0.068 79 0.163
57 0.070 80 0.170
58 0.072 81 0.183
59 0.075 82 0.196
60 0.077 83 0.209
61 0079 84 0.221
62 0.082 85 0,234
63 0.084 86 0.247
64 0.086 87 0.260
65 0.088 88 0.276
66 0091 89 0.292
67 0,093 90 0.308
68 0.095 91 0.324
69 0098 92 0.340
70 0.100 93 0.356
71 0.107 94 0.372
72 0.114

SOURCE Off ice of Technology Assessment, 1995

the relationship is inconsistent: low risks are more
difficult to detect and estimate than are high risks.

For purposes of this model, OTA assumed that
the risk of breast cancer increases with HRT, but
only after a patient has been exposed to HRT for
along period of time. In the base case, OTA as-
sumed that women on HRT would have no in-
crease in breast cancer risk until HRT therapy has
continued for 10 years; in subsequent years, the
relative risk of breast cancer in women on HRT
compared with the general population is 1.35.
OTA assumed treated women's risk of breast can-
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cer would remain elevated even after cessation of
therapy. Because of the uncertainty surrounding
these estimates, OTA investigated the sensitivity
of the estimates of cost and effectiveness to a best
case assumption that the relative risk of breast
cancer is 1.0 and a worst case assumption that the
relative risk is 2.0. HRT was assumed to have no
effect on the stage distribution of detected breast
cancers or on breast cancer prognosis. The basis
for these assumptionsis presented in appendix F,
which summarizes the evidence on the relation-
ship between HRT and breast cancer incidence.

Once a woman has breast cancer, the computer
assigns an age of death based on age and stage at
diagnosis. The probability of death as a function
of time since diagnosis was constructed from the
National Cancer Institute’s Surveillance, Epide-
miology and End Results (SEER) tumor registry
data (108). "' Because the assigned death age is
based on data on deaths in breast cancer patients
from all causes, onceit is assigned, the death age
overrides al other possible mortal events in the
model. (That is, a woman cannot die earlier of
most other causes.”)

OTA aso assumed, based on a review of the
epidemiologic evidence, that the addition of a pro-
gestin to estrogen replacement therapy does not
reduce the risk of breast cancer associated with
HRT.

Endometrial Cancer and Hormone
Replacement Therapy

The impact of HRT on endometrial cancer differs
widely between ERT and PERT. Endometria can-
cer risk rises dramatically with the use of ERT and
increases with the duration of ERT. After ERT is
ended, however, evidence suggests that endome-
trial cancer risk rapidly returns to the pre-therapy
level (63, 101, 117, 123). OTA assumed that the
risk of endometrial cancer is elevated only with

NCI provided ora with unpublished data on 1-, 5-, 10-, and 15-year all-cause survival rates by age and stage at the time of detection.

“As explained later in this section, a death age is assigned if a woman contracts one of three conditions: breast cancer, endometrial cancer. or
hip fracture. If awoman is assigned one of these conditions after having had a death age assigned for another, the original and new death ages are

compared, and the youngest death age prevails.
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current use of ERT and the risk increases witlgardless of the reasons for the excellent prognosis
longer duration of ERT. For the first 10 years ofin women with ERT-induced endometrial cancer,
therapy, the relative risk of endometrial canceithe most realistic assumption is that women diag-
compared with women on HRT is assumed to b@osed with endometrial cancer while on ERT have
3.5. Once ERT has exceeded 10 years in duration, negligible increase in mortality risk over those
the relative risk becomes 7.0. When ERT ceasesithout endometrial cancé?®. Thus, in this mod-
the relative risk returns to 1. The basis for these a®l, these women are subjected to hysterectomy,
sumptions is presented in appendix G. with its attendant costs, but they are not assigned
OTA tested the sensitivity of the results to@ death age and remain atrisk for death from unre-
changes in the relative risk of endometrial cancef@ted causes in subsequent yédtsiomen diag-
In the best case, OTA assumed a relative risk of 10sed with endometrial cancer who are not
for short-term ERT and 2 for long-term ERT. In currently on HRT are assigned a death age based

the worst case, OTA assumed a relative risk foP" stage distribution and survival probabilities re-
short-term ERT of 7.5; and for long-term ERT ofPorted in the NCI SEER database(See appen-
15. (See appendix G.) dix G for the rationale behind these assumptions.)

Although endometrial cancer risk is clearly ele-  Today, PERT is the most frequently used HRT
vated by ERT, women diagnosed with endomel€gimen in women with intact uteri, precisely be-
trial cancer while on ERT have much lowercause it eliminates the excess risk of endometrial
mortality rates than do those not on therapy at théncer associated with ERT. It may eveduce
time of diagnosis. The evidence suggests thdfi€ incidence of endometrial cancer compared
women diagnosed with endometrial cancer whilgVith no therapy (40, 49, 152). OTA assumed that
on ERT rarely die of it; rather, they are treated witihe relative risk of endometrial cancer in women
a full hysterectomy, which is almost always cura-0n PERT is 1.0.
tive (26, 28, 36, 37, 78, 113, 144). Just as the prognosis for endometrial cancers in

The excellent prognosis for women diagnosedvomen on ERT is more favorable than for endo-
with endometrial cancer while on ERT is difficult Metrial cancers found in women not on therapy,
to explain. It may be partly due to annual surveilthe prognosis for endometrial cancer in women on
lance with endometrial biopsy, a standard precal?ERT is also favorable (83). Although annual
tion for women on long-term ERT. Since Monitoring with endometrial biopsy is not routine
endometrial cancer is slow-growing, surveillancel Women on PERT, women on PERT are general-
may be sufficient even with lower frequency inly monitored more closely than others, and any in-
some women to detect endometrial cancers befofddents of unscheduled vaginal bleeding are
they spread beyond the uterus. Some experts hag¥aluated with endometrial biopsies. OTA as-
suggested that the endometrial cancer induced ¢med that endometrial cancers found in women
ERT is much more indolent than that occurring inoh PERT would not be fatal, requiring only pri-
other women (26, 28, 36, 37, 78, 113, 144). Re-

19This is an underestimate of the true mortality associated with endometrial cancers in women on HRT, because some epidemiological stud-
ies have identified late stage cancers in women on HRT; in addition, early stage endometrial cancers are treated with a hysterectomy, and there is
some mortality associated with any surgical procedure where anesthesia is used. Only a small number of deaths are associated with endometrial
cancers in HRT users, so the consequences of this underestimate are small.

20\Women who contract endometrial cancer while on therapy remain at risk for death from unrelated causes unless they have previously been
assigned a death age because of breast cancer or hip fracture.

211t is possible for a woman not on therapy to contract both breast cancer and endometrial cancer. If a woman diagnosed with breast cancer
and assigned a death age by the computer is later diagnosed with endometrial cancer, the breast cancer death age is compared with the endome-
trial death age, and the lower age is maintained as the assigned death age.
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mary treatment (hysterectomy) and involving nostone disease is a cholecystectomy and that no ex-
excess mortality2 cess mortality arises from this conditiéh.

As the results of OTAs analysis will demon-
strate, one implication of the above assumption§oronary Heart Disease (CHD) and
about prognosis for women with endometrial canHormone Replacement Therapy
cer detected while on HRT is that endometrial canCardiovascular disease is the leading cause of
cer has very little effect on the principal outcomedeath among U.S. women, surpassing the rates
measure: years of life lived. Indeed, despite thérom cancer and other disease (18). Any change in
high relative risk of endometrial cancer, the prethe risk of cardiovascular disease due to HRT
dicted years of life lived in women on ERT actual-could profoundly alter the risk-benefit trade-offs
ly increase compared with the life expectancy oPf HRT. Most studies show that ERT reduces the
women not on therapy. This is because we agisk of CHD in postmenopausal women, but the
sumed no women on ERT will die of endometrialmagnitude and post-therapy duration of the reduc-
cancer, whereas a certain percentage of the relion in risk have not been establisi¥@dven less
tively smaller number of women not on therapyinformation is available on the impact of PERT on

who get endometrial cancer would be predicted t&HD. Appendix | contains a review of the evi-
die of the diseas® dence on HRT and CHD.

The endometrial cancer assumptions also mean It has been estimated that between 25 and 50
that years of life lost from endometrial cancer unpercent of the beneficial effect of estrogen on heart
der any screening-HRT strategy will not differ ac-disease risk occurs through alteration of lipopro-
cording to the specific HRT regimen (ERT ortein levels (12). Observational studies and ran-
PERT) adopted. The costs of treating endometrigdomized clinical trials have shown that estrogen
cancer will differ between ERT and PERT, howev-reduces low-density lipoproteins (LDL, tihad
er, because many more women are detected wiholesterol) and raises levels of high-density lipo-

endometrial cancer under ERT than under PERRroteins (HDL, thgoodcholesterol) (153). When
progestins are added to the HRT regimen, howev-

Gallstones and Hormone er, these lipoprotein effects may be reduced. The
Replacement Therapy rest of estrogen’s beneficial effects on heart dis-

HRT taken by mouth has been linked to increase§2S€ are mediated by other factors, such as estro-
risk of gallstones, which require surgical removalden's immediate effects on coronary artery
(cholecystectomy) to relieve symptoms and preYasospasm and clot formation. (See appendix I.)
vent recurrence. Appendix H contains areview of Evidence on actual heart disease outcomes
the evidence on HRT and gallstones. Based on thé&t.g., fatal or nonfatal heart attacks, incidence of
review, OTA's model assumes a relative risk ofunstable angina, etc.) is weak, because although
gallstone disease while awoman is on HRT of 2.5here are many studies of the relation between
We also assume that the only consequence of galERT and heart disease (see appendix I), virtually

22 Not making this assumption for PERT, when it has been made for ERT, would lead to the anomalous result that PERT would cause more
endometrial cancer deaths (and years of life lost) than would ERT.

23The OTA model is capable of analyzing different assumptions about stage and prognosis for endometrial cancer under HRT. We did not
analyze other assumptions in this paper, because the evidence supporting the favorable prognosis is strong.

24This is an underestimate of the mortality associated with this procedure, as all surgical procedures requiring anesthesia carry a small risk of
death. The surgical death rate associated with cholecystectomy is very low, however, so the consequences of this underestimate are small.

25HRT has been foundot to increase the risk of stroke (59, 102, 104, 105, 114, 150).
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none are randomized clinical trials. Results of 1&eart disease, OTA studied the impact on the re-
case-control studies, 16 cohort studies, and fowults of changing the relative risks associated with
cross-sectional studies, mostly of postmenopalERT from 0.2 to 1.0.
sal women on ERT, generally support the conten- g yncertain as the CHD benefits are in women
tion that the heart disease benefits arg, ERT, CHD benefits in women on PERT are
substantial—on the order of 20 to 80 percent régyen more uncertain. Few observational studies
duction in risk during the therapy period. (See appaye been reported to date on the relationship, but
pendix I.) Several randomized trials haveqgpseryational studies and clinical trials of PERT’s
establl_shed a link between ERT and mtermedlatiempact on lipoproteins suggest that the beneficial
endpoints, such as short-term effects on cholesteggect of estrogens is attenuated when progestins
ol level. (See appendix I.) of the type and dose most commonly used in the
Without randomized clinical trials linking ERT United States are added to the HRT regimen. A
use to the incidence of or mortality from CHD, randomized controlled clinical trial of HRT ef-
however, the very real possibility remains thatfects on CHD risk factors found that PERT elimi-
these differences were found because patients wi@ted about two-thirds to three-quarters of the
choose HRT are systematicaligalthierthan or increase in HDL cholesterol (153), the lipoprotein
otherwise different from those who do #ét. most closely linked to heart disease in women
3). Consequently, OTA assumed that the rela-
Ive risk of a heart attack in women on PERT is

clinical trials using intermediate endpoints sug- . L
gest a CHD benefit from ERT, OTA assumed ino'8’ but we alsp examined t'he. sensmwty_ of the re-
sults to assuming no benefit (i.e., a relative risk of

the base case that the risk of heart attacks T 0)
women currently on ERT is 50 percent lower thari™" /"
the risk in women not on HRT. Once ERT is termi'Costs
nated, however, OTA assumed the risk reductio

disappears and CHD incidence returns to that o%)

the Zg7e\neral population of women of _the SaM&ndometrial cancer, heart attacks, and gallbladder
age<" OTA further assumed that the rr_;mo of fataldisease. When cost estimates were based on his-
to nonfatal heart attacks would remain the samg, ica| qata, they were inflated by the medical ex-
regardless of the risk levéf. penditures component of the Consumer Price

Because of the importance of heart disease ttmdex to 1993 constant dollars. The methods used
both health outcomes and health care costs and tteestimate each component of costs are described
uncertainty concerning the benefits of ERT forin detail in appendix J.

Because observational studies and controlle

TA sought data on the health care costs of bone
ensitometry, HR®? hip fracture, breast cancer,

26 Thehealthy user biasccurs when those who seek or use health services are in generally better health than those who do not and conse-
quently have lower incidence of disease.

27The lipid hypothesis of estrogen protection against heart disease contradicts the empirical evidence on the shape of the observed associa-
tion between estrogen use and heart disease risk (12, 109). The evidence suggests that estrogen protects only current users, and the degree of
protection does not increase with longer durations of use. But the lipid hypothesis would predict that protective effects on the heart would come
with long durations of estrogen use, because atherosclerotic plaques (fatty deposits) that block the arteries of the heart take years to develop.

28 Epidemiological studies of HRT and heart disease incidence have found that the reductions in risk of fatal and nonfatal myocardial infarc-
tions in HRT users are similar. See appendix .

29 The costs of HRT included annual physician visits, HRT prescriptions, and, for ERT, annual endometrial biopsies, as well as the cost of
followup visits for problems associated with therapy.
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TABLE 3: Summary of Assumptions in OTA’s Osteoporosis Model

Assumptions about cost

HRT annual treatment cost
. (Estrogen only)
« (Estrogen/progestin)
BMD screening cost (SPA at wrist)
Cost of fatal heart attack
Cost of nonfatal heart attack
Ratio of nonfatal to fatal heart attacks
Cost of hip fracture
Cost of cholecystectomy
Discount rate, costs
Discount rate, life years
Lifetime cost of breast cancer
«Localized
« Regional
« Distant
Lifetime cost of endometrial cancer
«If on HRT
« If not on HRT
—Localized
—Regional

—Distant

$269
$258
$100
$14,470
$74,217
2.6

$22,912
$11,160

0.05

0.05

$78,153 (age 50)-$12,616 (age 90)
$67,274 (age 50)-$1 5,837 (age 90)*
$45,043 (age 50)-$26,230 (age 90)

$6,000
$15,702 (age 50)- $8,635 (age90)’

$20203 (age 50)-$1 3,418 (age 90)°
$21,552 (age 50)-$1 5,890 (age 90)*

Assumptions about risks

and benefits of HRT Base case Worst case Best case
Relative risk of breast cancer
. With less than 10 years’ therapy 1,0 1,0 1,0
« After 10 or more years’ therapy 1.35 2,0 1.0
Relative risk of endometrial cancer
« While on HRT, with less than 10 years’
therapy 3.5 7.5 1,0
« While on HRT, with 10 or more years’
therapy 7.0 15,0 2.0
Relative risk of heart attack while on therapy 0.5 0.8 0.2
Relative risk of gallbladder disease, while on
therapy 25 — —
Impact of HRT on rate of bone loss, while on Stops loss of bone density Reduces rate of
therapy loss by 50
percent

“Variable by age and stage

SOURCE Off ice of Technology Assessment, 1995
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TABLE 4: Screening/HRT Strategies Examined by OTA

Duration of therapy (years)

Therapy threshold

10 20 30 40

50 years old
1 standard deviation below mean BMD
Below mean BMD
Everyone on therapy

65years old
1 standard deviation below mean BMD
Below mean BMD

Everyone on therapy

SOURCE Off ice of Technology Assessment, 1995

Summary of Model Assumptions

Table 3 summarizes the assumptions underlying
the simulation model. The base case assumptions
are best estimates of true parameter values. The
best case assumptions are the most favorable to
screening and HRT. The worst case assumptions
are least favorable to screening.

OScreening/HRT Strategies Examined
The costs and effects of an osteoporosis screening
strategy depend on three elements of program de-
sign:

.the age at which BMD measurement occurs,

.the BMD threshold for initiation of a course of
long-term HRT, and

.the duration of HRT therapy.

Table 4 contains a summary of the screening/
HRT strategies tested by OTA.

Age of BMD Screening

OTA assumed that BMD screening would take
place once at age 50. This screening age corre-
sponds approximately to the average age at which
natural menopause begins.

To examine the effect of delaying the initiation
of screening and HRT, OTA performed additiona

simulations in which BMD screening is initiated
at age 65.

BMD Threshold for HRT
OTA examined aternative BMD thresholds for
initiation of HRT:

» the lowest 16.7 percent of BMD valuesin the
population (corresponding to a BMD threshold
equal to 1 standard deviation below the mean
for the hypothetical cohort at age 50),”

= the lowest 50 percent of measured BMD values
in the population (corresponding to a BMD
threshold value equal to the mean population
BMD value), and

= all women regardless of BMD level at age 50.

In the third case—universa application of HRT
to al women €eligible for HRT—BMD measure-
ment would be unnecessary. Therefore, in the
third case, OTA assumed no screening would take
place.

Duration of HRT

OTA considered only those preventive strategies
involving long-term application of HRT—at least
10 years' duration. Although short-term HRT is

*A European osteoporosis consensus conference in 1993 defined low bone mass as BMD or bone mineral content (BMC) one standard

deviation below the mean for the adult population (41 ).

I
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TABLE 5: Simulation Results: Baseline (No Intervention) in 15 Samples of 100,000 Women ($ millions)

Coefficient of

Mean (standard variation 95 percent

Outcome deviation) (percent) confidence interval’
Number of hip fractures 16,985 (1 04) 0.61 % 16, 928- 17, 043
Total hip fracture costs

« undiscounted $389 (2.4) 0.61 379-391

- discounted ° $114 (0.9) 0.79 113-114
Number of breast cancers 10,135 (129) 1,28 10,064-10,207
Total lifetime breast cancer costs 510-517

= undiscounted $513 (7.0) 1.36 509.5 -517,3

= discounted $264 (3.8) 1.45 262-266
Number of endometrial cancers 2,378 (36) 1,51 2,358-2,398
Total lifetime endometrial cancer costs

«undiscounted $42 (0.7) 1,67 41-42

= discounted $19 (0.4) 1.94 19-19
Number of fatal heart attacks 8,570 (49) 0.58 8,542-8,597
Total lifetime heart attack costs

« undiscounted $1,778 (10.2) 0.58 1,772-1,783

= discounted $533 (3.5) 0.66 531-535
Number of gallbladder operations 12,576 (1 52) 1.21 12,492-12,660
Total lifetime gallbladder costs

«undiscounted $140 (1.7) 1.21 139-141

« discounted $67 (0.8) 1,26 66-67
Number of women alive at age 90 17,824 (100.2) 0.56 17,769-17,880
Total lifetime cost

.undiscounted $2,862 (1 2.2) 0.42 2,855-2,869

. discounted $997 (5.9) 0.60 993- 1,000,0
Total years of life lived

«undiscounted 3,018,098 (2,576) 0.09 3,016,671-3,019,525

« discounted 1,549,499 (846) 0.05 1,549,030-1,549,967

“The coefficient of variation Is a relative measure of variation in a statistic. It 1s technically defined as the standard deviation of the statistic divided
by the mean value of the statistic.

"The 95 percent confidence Interval is the range of values of a statistic that contains the true value of the statistic with 95 percent probability
Confidence Intervals were calculated using the appropriate t-distribution value with 14 degrees of freedom

“Costs occurring in future years are discounted to their net present value at age 50 at 5 percent per year (for example, costs recurred at age 60 are
multiplied by 1/(1.05)°= 0.614 to arrive at their present value at age 50)

SOURCE Off ice of Technology Assessment, 1995

often indicated for relief of menopausal symp- RESULTS

toms, the benefits of treatment for prevention of- COScreening/HRT at age 50
hip fracture tend to accrue only with longer use
(43). OTA therefore examined the effects and
costs of HRT maintained for 10, 20, 30 and 40
years. (A 40-year strategy is equivalent to placing
a woman on a lifelong regimen of HRT.)

OTA first ran the osteoporosis model under the
base case set of assumptions with no preventive
intervention. Fifteen separate samples of 100,000
women were used to estimate the mean and stan-
dard deviations of the major outcomes. Table 5
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shows the estimated average values of these oygeutic approaches with one another. These com-
comes and measures of their variation forrthe parisons permit summary statements about the
intervention strategy. The standard deviationrelative cost effectiveness of alternative HRT
across the 15 samples of every outcome measustrategies using PERT.

was very low from 0.01 to 2 percent of the esti-

mated mean value of the measure for all outcomg;tcomes with ERT: Base Case Assumptions
measure§! Tables 6 through 10 show the results of sample
Most of the analyses were performed assumingimulations of 100,000 women under different
that the HRT strategy being tested involves ERTERT strategies for 50-year-old women. The life-
As noted above, adding progestin (PERT) to théime incidence of hip fractures (table 6) declines
strategy alters the incidence but not the outcom&om approximately 17 percent with no interven-
of endometrial cancer. The reduced incidence dfion, to about 7 percent when all women are placed
endometrial cancer with PERT does translate inton ERT for the rest of their lives. As expected, in-
lower costs of endometrial cancer, but even whetermediate strategies in which fewer women are
the risk is elevated seven-fold with ERT, endomeprovided ERT, or they stay on ERT for shorter pe-
trial cancer is relatively rare compared with theriods, reduce the lifetime incidence of hip frac-
other diseases (breast cancer, hip fracture, aridres by lesser amounts.
CHD) affected by HRT. Also, the netannual costs  The |ifetime incidence of fatal heart attacks

of ERT and PERT differ very little from one 54 decreases with intervention (table 7) from 8.5
another. Thus, if nothing else were affected by thv]—;',er 100 with no therapy to 5.1 per 100 when every-
switch from ERT to PERT, the ratio of cost to ef-5 4 is placed on a lifelong regimen of ERT he
fectiveness of any HRT strategy using PERTgaing from therapy accelerate in percentage terms
would be slightly lower than the ratio of costto ef-a5 the duration of ERT increases. With everyone
fectiveness of the same HRT strategy using ERT,, therapy, for example, a 10-year ERT regimen

and the cost effectiveness of ERT could be used ggqyces the incidence of fatal heart attacks by 5
a rough guide for the cost effectiveness of PERTpercent. An additional 10-years of therapy re-

PERT may have a major impact on the cost efduces fatal heart attacks by another 6 percent. Ad-
fectiveness of HRT, however, because it potentialding 10 more years of therapy (to arrive at a
ly has a less beneficial effect on heart disease th&0-year ERT regimen) reduces fatal heart attacks
ERT. This difference is reflected in a higher as-by another 15 percent. Finally, going from 30 to
sumed relative risk of heart attack with PERT thard0 years of ERT means a further 23-percent reduc-
with ERT. We therefore directly compared the costion in heart attack deaths. This accelerating effect
effectiveness of several HRT strategies involvingof ERT on cardiac death rates reflects the rising
PERT with those of ERT to calibrate the two theraburden of CHD with age.

31The low variation across the 15 samples of size 100,000 suggests that samples of this size are sufficient to produce highly stable outcomes

of the simulation model.

32 Although the relative risk of acute myocardial infarction is assumed to be 0.5 while a woman is under therapy, the lifetime incidence does
not decline by 50 percent with lifelong therapy, for two reasons. First, women on therapy have a much higher relative risk of endometrial cancer
than do women not on therapy. The model assumes that once a woman is diagnosed with endometrial cancer she is removed from therapy, and the
cardiac benefits of HRT are eliminated. Second, women diagnosed with breast cancer are also removed from therapy, and death rates from breast

cancer increase with therapy.
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TABLE 6: Lifetime Incidence of Hip Fractures per 100,000 Women Under Different Osteoporosis
prevention Strategies-Base Case Assumptions’(number of samples of 100,000)

BMD threshold

Baseline: Screen at 50 yrs old, ERT ~ Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT

Duration of ERT no ERT below mean BMD < mean at 50 yrs old

No ERT 16,985 (15) —

10 years — 15,978 (15) 14,374 (14) 12,865 (11)

20 years — 15,268 (15) 12,374 (10) 9,801 (15)

30 years — 14,796 (15) 11,229 (15) 7,833 (15)
_40 years — 14,653 (15) 10,871 (15) 7,184 (15)

“For base case assumptions, see table 3
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE: Office of Technology Assessment, 1995

TABLE 7: Lifetime Incidence of Fatal Heart Attacks per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions (number of samples of 100,000)

BMD threshold

Baseline: Screen at 50 yrs old, ERT  Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT

Duration of ERT no ERT below mean _BMD < mean ~_at50yrsold

No ERT 8,570 : - S

10 years — 8,549 (15) 8,449 (14) 8,211 (11)

20 years — 8,496 (15) 8,214 (1 0) 7,784 (15)

30 years - 8,298 (15) 7,652 (15) 6,680 (15)
A0 years — 8054 (15) 6888 (15) _ _ 5,149 (15)

“For base case assumptions, see table 3
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy; STD = standard deviation,

SOURCE: Off ice of Technology Assessment, 1995
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TABLE 8: Lifetime Incidence of Breast Cancer per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions®(number of samples of 100,000)

BMD threshold

Baseline: Screen at 50 yrs old, Screen at 50 yrs DO NOT screen, all
no screening, ERT when BMD <1 STD old, ERT when women on ERT

Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT 10,135 (15) - — —

10 years 10,670 (15) 11,492 (14) 12,911 (11)
20 years 16,630 (15) 11,567 (10) 12,813 (15)
30years — 10,601 (15) 11,595 (15) 12,935 (15)
40 years . 10,643 (15) __ 11,597 (15) 12,997 (15)

*For base case assumptions, see table 3
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995

TABLE 9: Lifetime Incidence of Endometrial Cancer per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions’(number of samples of 100,000)

BMD threshold

Baseline: Screen at 50 yrs old, Screen at 50 yrs DO NOT screen, all
no screening, ERT when BMD <1 STD old, ERT when women on ERT

Duration of ERT no ERT below mean_ BMD < mean at 50 yrs old

No ERT 2,378 -

10 years — 2,589 (15) 3,092 (14) 3,826 (11)

20 years — 3,332 (15) 5,360 (10) 8,399 (15)

30 years — 3,896 (15) 7,235 (15) 12)073 (15)
40 years . — 4,136 (15) 7,997 (15) 13,558 (15)

“For base case assumptions, see table 3
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy; STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995

TABLE 10: Lifetime Incidence of Gallbladder Disease per 100,000 Women®Under Different
osteoporosis Prevention Strategies-Base Case Assumptions’(number of samples of 100, 000)

BMD threshold

Baseline: Screen at 50 yrs old, Screen at 50 yrs  “DO NOT screen, all
no screening, ERT when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean _ at50yrsold
No ERT 12,576
10 years 13,233 (15) 14,585 (14) 16,559 (11)
20 years 14,024 (15) 17,112 (1 0) 21,649 (15)
30 years 14,708 (15) 19,054 (15) 25,488 (15)
40 years 14,932 (15) 19,819 (15) 26,974 (15)

“Incidence of gallbladder disease requiring cholecystectomy
*For base case assumptions, see tables
KEY: BMD - bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995

|
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The lifetime incidence of breast cancer and ennosis. (The lifetime cost of treating a localized en-
dometrial cancer rises with ERT (tables 8 and 9)dometrial cancer in a woman not on HRT ranges
The incidence of breast cancer increases by 28om $8,635 to $15,702, depending on the age at
percent when allwomen are put on HRT for the redetection. (See appendix J.))

mainder of their lives. Intermediate strategies The net health care costs and years of life lived
have positive, but lower, effects on breast cancejcross all components of the model are shown in
incidence. tables 18 and 19, respectively. Table 18 demon-

The lifetime incidence of gallbladder diseasestrates that, compared with no intervention, any
severe enough to require surgery increases frogfreening/ERT strategy increases lifetime health
about 12.6 percent without intervention, to almos€are costs. For example, placing all women on

27 percent with lifelong HRT for everyone (table ERT for the remainder of their lives increases net
10)33 lifetime undiscounted health care costs by 4.5 per-

I cent (from $2.86 billion to $2.99 billion per
Tables 11 through 17 show the lifetime healthloo,000 women) and increases net lifetime dis-

care costs per 100,000 women of each COSt CONLy, nted costs by 25 percent ($1 billion to $1.25
ponent in the model: BMD measurement (screerbi”ion) compared with no intervention.

ing), ERT, hip fracture, heart disease, breast

cancer, endometrial cancer, and gallbladder dis- " ithouah Il (table 19). Placi I
ease. These tables present both the undiscount@ff Positive, although sma (table 19). Placing a

and discounted costs of each component under gfgomen on a_IlfeIong course of ERT, fo_r example,
12 screening/HRT strategies studied. Discounte dds approximately 42,000 years of life to a co-
costs are substantially lower than undiscounte ort of 1.00’000 women, an average of ap&;oxr
costs in all categories except BMD measuremen ately five extra m_onths of I|_fe per woman.

because that is the only cost component fully in hen years of life lived are discounted to their

: . present value at age 50, the gains in life extension
curred in the first year of the program (at age 50)élre much more modest. ERT of 10 years’ duration

As expected, the costs of hip fractures and heagffers almost no net gain in discounted years of
attacks decline as the number of people placed aife; placing all women on a course of ERT for 10
ERT or the duration of ERT increases. Converseyears gains only 11,000 discounted years of life
ly, the costs of ERT itself and of treating breastper 100,000 women, or slightly less than one addi-
cancer and gallbladder disease increase as tfienal month of life per woman on average.
number of people on ERT or the duration of ERT
increase. The costs of treating endometrial cance&ost Effectiveness of ERT:
also increase as the number of women placed ddase Case Assumptions
ERT or the duration of ERT increase, but the coslf a preventive intervention both increases net
increase is very small. This result reflects thehealth care costs and improves health outcomes,
model's assumption that the treatment cost of erthe ratio of incremental costs to incremental
dometrial cancer ($6,000) diagnosed in a womahealth effects is a useful measure of the improve-
on HRT is substantially less than the treatmeninents in the health outcomes of interest that each
cost for a woman not on HRT at the time of diag-dollar buys on average.

The net years of life gained from intervention

33 Although the relative risk of gallbladder disease is 2.5 with HRT, the actual incidence does not increase by that much because the model
takes women off therapy if they are newly diagnosed with either breast or endometrial cancer.

340f course, some women will die much earlier because of the adverse impacts of HRT (i.e., breast cancer), while others will die much later
because they avoid fatal heart attacks or hip fractures.
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TABLE 11: Lifetime Cost of BMD Screening per 100,000 Women Under Different Osteoporosis
Prevention Strategies—Base Case Assumptions’($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT  Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $0.0
discounted ° 0.0
10 years
undiscounted $10.0 $10.0 $0.0
discounted 10,0 10,0 00
20 years
undiscounted 10,0 10.0 00
discounted 10.0 10,0 0.0
30 years
undiscounted 10,0 10,0 00
discounted 10,0 10.0 00
40 years
undiscounted 10.0 10,0 0.0
discounted 10,0 100 00

*For base case assumptions see table 3

"Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a
rate of 5 percent per annum

KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation
SOURCE Off ice of Technology Assessment, 1995



Cost-Effectiveness Analysis 129

TABLE 12: Lifetime Cost of ERT per 100,000 Women Under Different Osteoporosis Prevention
Strategies-Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT ~ Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $0.0 - -
discounted*® 0.0 - -
10 years
undiscounted - $41,3 $129,8 $259.8
discounted - 33.6 105.6 211,4
20 years
undiscounted _ 76,5 241,6 483,2
discounted 51.2 161,8 323.6
30 years
undiscounted - 102,8 323.3 646.4
discounted - 59.5 187,2 374.3
40 years
undiscounted - 116.3 366.1 733.2
discounted 62.1 195,4 391.2

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program in initiation at a rate
of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995
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TABLE 13: Lifetime Cost of Treating Hip Fractures per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT ~ Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $389.2
discounted® 113.6
10 years
undiscounted - $366.1 $329.3 $294.8
discounted - 106.2 94.9 842
20 years
undiscounted 349.8 2835 2246
discounted 101,9 82.6 65.6
30 years
undiscounted - 339.0 2573 179.5
discounted 99.5 768 55.7
40 years
undiscounted - 335.7 249.1 1646
discounted 98.9 75,3 532

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a rate

of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995
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TABLE 14: Lifetime Cost of Heart Attacks per 100,000 Women Under Different Osteoporosis
Prevention Strategies—Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT  Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $1,777.6
discounted* 533.0
10 years
undiscounted $1,773,4 $1,752,6 $1,7033
discounted - 530,7 5164 493,0
20 years
undiscounted 1,762.3 1,703,8 1,6147
discounted 521.6 488,3 439.7
30 years
undiscounted - 1,721.3 1,587,3 1,385,6
discounted 508,3 453.1 367,5
40 years
undiscounted 1,670,7 1,4289 1,0681
discounted - 499.5 4225 307,6

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a rate
of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation.

SOURCE Off ice of Technology Assessment, 1995
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TABLE 15: Lifetime Cost of Endometrial Cancer per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT  Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean . at50yrsold
No ERT
-undiscounted $41,5 -
discounted* 19,2 - -
10 years
undiscounted $41,7 $42.7 $437
discounted - 19,3 20.1 21.0
20 years
undiscounted 446 51.0 60.7
discounted 20.9 24,3 29,5
30 years
undiscounted - 46,8 58.7 75.9
discounted - 21,5 26.7 34.4
40 years
undiscounted - 47.8 62.3 82.5
discounted - 21,7 27.5 357

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present valu the year of program initiation at a rate
of 5 percent per annum.
KEY: BMD = bone mineral density: ERT = estrogen replacement therapy: STD = standard deviation

SOURCE: Office of Technology Assessment, 1995
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Lifetime Cost of Breast Cancer per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, ERT Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $513,4 — — —
discounted® 264,0
10 years
undiscounted - $539.1 $577,5 $644,4
discounted 275,2 290.5 317.3
20 years
undiscounted - 537.2 579.5 638.4
discounted - 2741 289,6 314.0
30 years
undiscounted 535.2 581.4 6428
discounted - 272.7 291,4 315.1
40 years
undiscounted - 537.7 580.2 644.1
discounted - 274.4 290,1 315.5

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a rate

of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995
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TABLE 17: Lifetime Cost of Gallbladder Disease per 100,000 Women Under Different Osteoporosis
Prevention Strategies—Base Case Assumptions ($ millions)

BMD threshold

Baseline: Screen at 50 yrs old, Screen at 50 yrs DO NOT screen, all
no screening, ERT when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $140.4 - - -
discounted® 66.9 - - -
10 years
undiscounted - $147.7 $162,8 $184,8
discounted - 73.0 85.5 104,3
20 years
undiscounted - 156,5 191,0 241,6
discounted - 77.5 100,1 133,3
30 years
undiscounted - 164,1 212.6 284,4
discounted - 80.0 107.0 146,9
40 years
undiscounted - 166.6 221.2 301.0
discounted - 80.7 108.8 150,4

“Costs occurring in years subsequent to program initiation (at age50) are discounted to their present value in the year of program initiation at a rate
of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Office of Technology Assessment, 1995

l
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TABLE 18: Total Lifetime Cost per 100,000 Women of Different Osteoporosis Prevention Strategies

($ millions)
BMD threshold
Baseline: Screen at 50 yrs old, Screen at 50 yrs DO NOT screen, all
no screening, ERT when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted $2,862,1 - —
discounted® 996.7 —
10 years
undiscounted $2,919,2 $3,004.7 $3,130.8
discounted — 1,048.0 1,122,8 1,231,3
20 years
undiscounted 2,936.9 3,060.4 3,263,1
discounted - 1,057.2 1,156,6 1,305,7
30 years
undiscounted 2,919.2 3,030.6 3,214.5
discounted - 1,051.6 1,152,2 1,293,8
40 years
undiscounted 2,884,8 2,917,7 2,9936
discounted 1,047,2 1,129,6 1,2536

“Costs occurring in years subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a
rate of 5 percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE: Office of Technology Assessment, 1995
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TABLE 19: Total Number of Years of Life Lived per 100,000 Women Under Different Osteoporosis
Prevention Strategies-Base Case Assumptions (thousands of years)

BMD threshold

Baseline: Screen at 50 yrs old, ERT ~ Screen at 50 yrs DO NOT screen, all
no screening, when BMD <1 STD old, ERT when women on ERT
Duration of ERT no ERT below mean BMD < mean at 50 yrs old
No ERT
undiscounted 3,018.1 -
discounted® 1,549,5 — —
10 years
undiscounted 3,018.5 3,020.2 3,021.5
discounted - 1,549,8 1,550.4 1,551.4
20 years
undiscounted — 3,021.5 3,029.6 3,038.5
discounted - 1,550,6 1,553,2 1,556.3
30 years
undiscounted 3,025.1 3,036.9 3,052.4
discounted 1,551,4 1,554.8 1,5591
40 years
undiscounted - 3,025.4 3,040.8 3,060.6
discounted 1,551,3 1,555.4 1,560,5

“Years of life lived subsequent to program initiation (at age 50) are discounted to their present value in the year of program initiation at a rate of 5
percent per annum
KEY: BMD = bone mineral density, ERT = estrogen replacement therapy, STD = standard deviation

SOURCE Off ice of Technology Assessment, 1995



Cost-Effectiveness Analysis 137

TABLE 20: Cost Per Added Year of Life for 12 Osteoporosis Prevention Strategies—
Base Case Assumptions (95% confidence interval)*

Number of years on ERT

BMD screening

threshold 10 years 20 years 30 years 40 years

1 S.D, below mean $151,392 $53,610 $28,257 - $27,486
($45,783-Undefined) ($31,432-$165,262) ($19,777-$47,240) ($18,865-$47,815)

Below the mean $134,644 $42,724 $29,357 $22,431
($73,364-$758,436) ($34,606$55,524) ($25490-$34,484)  ($19,687-$25,954)

Everyone on therapy $126,876 $45,761 $31,059 $23,334

($87,643-$228,472)

($41 ,061-$51 ,633)

($28)700-$33,815) ($21,744-$25,151)

“Confidence Intervals computed based on Fieller's Theorem as cited in A.R. Willan and B J O’Brien, “Cost-Effectiveness Ratios in Clinical Trials
From Deterministic to Stochastic Models, ” presented at the American Statistical Association meeting, Toronto, Canada, August 1994

KEY: ERT = estrogen replacement therapy
SOURCE Off ice of Technology Assessment, 1995

Table 20 contains the ratios of cost to years of
life gained for each of the 12 osteoporosis preven-
tion strategies under study. Regardless of the
BMD threshold for ERT, the cost per added year
of life declines dramatically with the duration of
ERT. Forty years of ERT (alifelong course) deliv-
ers an additional year of life for between $22,000
and $27,000 depending on the number of women
placed on therapy.

The components of the cost effectiveness ratio
(cost and years of life lived) were estimated from
simulated samples of hypothetical women sub-
jected to either a given preventive strategy or no
intervention. The 95-percent confidence intervals
for these components were very narrow. (See table
5 above.) Although the confidence intervals for
the underlying components of the cost effective-
ness ratio are very narrow, the cost effectiveness
ratio is based on differences in costs and out-
comes, which vary more widely. And because the
net effects (years of life gained) are very small in

relation to the added costs (tens of thousands of
years of life gained versus hundreds of millions
additional dollarsin costs), the ratio of net added
costs to net effects has even greater variability.

No exact method exists for determining the
confidence interval for aratio of random variables
such as the cost-effectiveness ratio (97, 148). OTA
estimated the 95-percent confidence intervals for
the cost-effectiveness ratios using two approxi-
mation methods recently reported in the litera-
ture.* Table 20 shows the approximate 95-
percent confidence intervals for the cost-effec-
tiveness ratio of each strategy under study.

The approximate confidence intervals for the
cost-effectiveness ratio of strategies involving
only 10 years of therapy are very wide. These re-
sults are to be expected given the low number of
years of life gained under these strategies (table 18
above).*Thus. not only are the mean cost-effec-
tiveness ratios associated with the shortest ERT

*One method, referred to as Taylor's Approximation (7), is useful when the estimate of net effectiveness is positive and statistically signifi-

cant ( 148, 149). When effectiveness is near zero, a more exact method based on Fieller's Theorem should be used (149). OTA estimated the
confidence intervals in table 20 and in selected cases (as noted) in tables 21 through 26 using Fieller's method. All other confidence intervals
were estimated using Taylor Approximation.

*When the value of the denominator is low relative to the numerator, small changes in the denominator make for very large changes in the

ratio.
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TABLE 21: Cost Per Added Year of Life for Two Osteoporosis Prevention Strategies®
Best- and Worst-Case Assumptions About Relative Risks of Coronary Heart Disease
Everyone on Therapy
(95% confidence interval)

Number of years on ERT

_ B 20 years 40 years
Base case assumptions $45,761 $23,334
($41,061-$51,633)" ($21,744-$25,151 )
Best case assumptions—CHD $28,431 $7,153
($25,218-$31,643) ($6,703-$7,604)
Worst case assumptions—CHD $118,196 $78,860

($83,162 -$203,109)"

.($57)962-$99758)

°All women are placed on therapy for either 20 or 40 years

*Confidence Intervals computed based on Fieller's Theorem as cited in A.R. Willan and B.J. O'Brien, “Cost-Effectiveness Ratios in Clinical Trials
From Deterministic to Stochastic Models, " presented at the American Statistical Association meeting, Toronto, Canada August 1994

KEY: CHD = coronary heart disease
SOURCE Off ice of Technology Assessment, 1995

duration much higher than those of all other strate-
gies, but the wide confidence intervals suggest
that the true ratio may be very different from the
estimate.

Together, these results imply that if a woman is
to be placed on ERT, a lifelong course of therapy
delivers the greatest benefit per dollar spent.
Whether all women should be placed on therapy,
or whether the ERT decision should be based on
a BMD measurement at age 50, is more debatable.
The cost-effectiveness ratios for the three 40-year
ERT strategies are very close and are not signifi-
cantly different from one another.

The estimated additional discounted lifetime
cost of each BMD measurement strategy
compared with no intervention rises as the number
of women placed on therapy increases. The life-
time cost ranges from $50 million per 100,000
when the 16 percent of women with the lowest
measured BMD values are placed on HRT to $257
million per 100,000 women when no BMD
screening takes place and al women are placed on
therapy. But the net measured health benefits also
rise as the proportion of women on therapy in-
creases. Placing women on ERT whose measured
BMDsliein the lowest 16 percent of the popula-
tion delivers about 1,800 additional discounted

years of life per 100,000 screened women, while
placing all women on ERT delivers 11,000 years
of life per 100,000 women.

Sensitivity Analyses with ERT

OTA tested the effects of varying key parameters

individually and together on the results of the

cost-effectiveness analysis of screening/ERT

strategies. The critical assumptions subjected to a

sensitivity analysis were;

1. the relative risk of heart attack under ERT;

2. the relative risk of breast cancer after long-term
ERT;

3. the relative risk of endometrial cancer under
ERT; and

4. the degree to which ERT affects the rate of
bone loss.

Analyses were conducted on the impact of
changes in these assumptions on the cost-effec-
tiveness ratios of two strategies. everyone on ther-
apy for 20 years and everyone on therapy for 40
years.

Relative risk of heart attack

Table 21 shows the cost-effectiveness ratios for
two strategies (everyone on ERT for either 20 or
40 years) under the base case and the best and

‘I
7



FIGURE 4: Impact of Coronary Heart Disease
Benefits on the Cost Effectiveness of Lifetime
ERT in 50-Year-Old Women
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worst case assumptions regarding the relative risk
of heart attack while on ERT. Under the best case
assumption, the relative risk of AMI is0.20. Un-
der the worst case assumption, it is 0.80.

As expected, assuming a smaller beneficial ef-
fect of HRT on heart attacks raises the cost per year
of life gained from about $23,000 to almost
$79,000 for a lifelong course of ERT. But if ERT
follows the best case assumption, the cost per add-
ed year of life is reduced to dlightly more than
$7,000, a very low cost-effectiveness ratio
compared with that of other clinical preventive in-
terventions.

Figure 4 shows the cost effectiveness of life-
time ERT in all women under a range of assump-
tions (0.2-1 .0) regarding the relative risk of heart
attack under ERT. The sensitivity of the cost-ef-
fectiveness ratio to changes in assumptions about
HRT’s effect on heart disease reflects the high in-
cidence and lethality of heart disease and the high
costs of treating it, If the suggestive evidence from
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clinical trials on cardiac risk factors and from ob-
servational studies is correct, the cost per addi-
tional year of life from lifelong ERT lies within
commonly used benchmarks for acceptability of
clinical preventive services. Conversely, if the
true heart disease benefit from ERT is small or
nonexistent, the cost of ERT for each year of life
gained is very high.

If heart disease benefits do not exist, limiting
ERT to those with low bone mass would still be
very costly for each year of life gained. For exam-
ple, under the assumption of no heart disease
benefits, placing on lifelong ERT only those
whose measured BMD at age 50 lies more than 1
standard deviation below the mean resultsin a
cost-per-added-year-of-life equal to $157,041.
This amount is substantially less than the cost-ef-
fectiveness ratio of placing all women on lifelong
ERT ($443,884), but it is still much higher than
the ratio predicted for screening and selective ERT
under the base case assumptions ($27,486).

Relative risk of breast cancer

Table 22 shows the cost-effectiveness ratios for
the best case and worst case assumptions regard-
ing the relative risk of breast cancer after an ex-
tended duration of ERT. Under the best case
assumption, HRT was assumed not to alter the rel-
ative risk of breast cancer, while under the worst
case assumption, 10 or more years of HRT was as-
sumed to increase the relative risk of breast cancer
to 2.0.

Assuming the worst about the relative risk of
breast cancer with HRT raises the cost per year of
life gained for lifelong ERT for all women from
$23,000 to about $44,000. Under the best case as-
sumptions, the cost-effectiveness ratio is about
$16,000 per year of life gained.

Relative risk of endometrial cancer

Changing the assumptions about the relative risk
of endometrial cancer does not alter cost-effec-
tiveness ratios very much, (table 23) largely be-
cause the model assumes that endometrial cancer
induced by ERT has an excellent prognosis and
relatively low treatment cost.
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TABLE 22: Cost Per Added Year of Life for Two Osteoporosis Prevention Strategies®
Best- and Worst-Case Assumptions About Relative Risks of Breast Cancer
Everyone on Therapy
(9570 confidence interval)

Number of years on ERT

20 years 40 years

Base case assumptions

Best case assumptions—breast cancer

Worst case assumptions—breast cancer

($41,061-$51,633)"

($31,042-$44,427)

($105,494-$316,054)"

$45,761 $23,334

($21,744-$25,151)"

$37,734 $16,105

($14,473-$1 7,737)

$158,378 $43,765

($37,808-$49,723)

*All women are placed on therapy for either 20 or 40 years

*Confidence Intervals computed based on Fieller's Theorem as cited in A.R. Willan and B.J. O’Brien, “Cost-Effectiveness Ratios in Clinical Trials
From Deterministic to Stochastic Models, " presented at the American Statistical Association meeting, Toronto, Canada, August 1994

SOURCE Off ice of Technology Assessment, 1995

TABLE 23: Cost Per Added Year of Life for Two Osteoporosis Prevention Strategies®
Best- and Worst-Case Assumptions About Relative Risks of Endometrial Cancer
Everyone on Therapy

(95% confidence interval)

Number of years on ERT

20 years 40 years

Base case assumptions $45,761 $23,334
($41,061-$51,633)" ($21,744-$25,151)"

Best case assumptions—endometrial cancer $42,496 $21,039
($35,304-$49)689) ($19,061-$23,01 7)

Worst case assumptions—endometrial cancer $49,304 $29,718

($39,694-$58)914)

($25,810-$33,625)

°All women are placed on therapy for either 20 or 40 years

*Confidence intervals computed based on Fieller's Theorem as cited in A.R. Willan and B.J. O'Brien, “Cost-Effectiveness Ratios in Clinical Trials

From Deterministic to Stochastic Models, " presented at the American Statistical Association meeting, Toronto, Canada, August 1994

SOURCE Off ice of Technology Assessment, 1995

Relationship of HRT to bone loss

Table 24 shows how assuming that HRT reduces
bone loss by 50 percent, rather than 100 percent as
assumed in the base case, changes the cost-effec-
tiveness ratios for the two ERT strategies. Under
the lifetime ERT strategy, the assumption that
ERT is only partially effective in maintaining

bone density hardly affects the estimated cost per
year of life gained. Because all other assumptions
are the same as those in the base case, the large
gainsin years of life resulting from lower risk of
heart attack overwhelm other dimensions of effec-
tiveness and maintain the cost-effectiveness ratio
at amoderately low level.
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TABLE 24: Cost Per Added Year of Life for Two Osteoporosis Prevention Strategies®
Worst-Case Assumptions About Effects of ERT on Bone Loss
Everyone on Therapy
(95% confidence interval)

Number of years on ERT

_ 20 years 40 years

Base case assumptions $45,761 $23,334
($41,061-$51,633)" ($21,744 -$25,151)

Worst case assumptions—ERT and bone loss $62,342 $27$994

($48,295%$76,390)

($24,721 -$31 ,267)

*All women are placed on therapy for elf her 20 or 40 years

*Confidence intervals computed based on Fieller's Theorem as cited in A.R. Willan and B.J. O'Brien, “Cost-Effectiveness Ratios in Clinical Trials

From Deterministic to Stochastic Models, ” presented at the American Statistical Association meeting, Toronto, Canada, August 1994

SOURCE: Office of Technology Assessment, 1995

TABLE 25: Cost Per Added Year of Life for Two Osteoporosis Prevention Strategies®
Best- and Worst-Case Assumptions About Four Uncertain Parameters
Everyone on Therapy
(95°/0 confidence interval)

Number of years on ERT

20 years 40 years

Base case assumptions

Best case assumptions—four uncertain parameters

Worst case assumptions—four uncertain parameters

neg. effect., pos. costs

$45,761
($41,061-$51,633)"

$23,334
($21 ,744-$25,151 )

$1,559
($1 ,467-$1 ,650)

$17,427
($15,915-'$18,939)
$1,465,434
($436,834-undefined)”

*All women are placed on therapy for either 20 or 40 years

*Confidence intervals computed based on Fieller's Theorem as cited in A.R. Willan and B.J. O'Brien, “Cost-Effectiveness Ratios in Clinical Trials
From Deterministic to Stochastic Models, " presented at the American Statistical Association meeting, Toronto, Canada, August 1994

SOURCE Off ice of Technology Assessment, 1995

Simultaneous changes in four
uncertain parameters

OTA analyzed how the cost-effectiveness ratios
change if al four of the parameters are held simul-
taneoudly to their worst case values or to their best
case values. Table 25 presents the results for the
two preventive strategies. The range of cost-effec-
tiveness values widens dramatically to span a very
low ratio ($1,559 per year of life gained for 40
years of therapy) and a prohibitively high ratio
($1.5 million per year of life gained for 40 years

HRT). Because the estimated mean years of life
gained are very small under the worst case scenar-
io, the approximate 95-percent confidence inter-
val for the estimate is very wide. Again, when the
effects of an intervention are close to zero, one can
have little confidence in the mean reported cost-
effectiveness ratio.

The best case/worst case analysis gives an ex-
tremely wide envelope of potential cost-effective-
ness ratios for ERT. Because our base case
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assumptions predicted cost-effectiveness ratios
for lifelong ERT strategies that were reasonably
low (i.e., reasonably cost effective) compared
with other accepted clinical preventive services,
any uncertainty favoring the best case merely rein-
forces the cost effectiveness of lifelong ERT. The
very high cost-effectiveness ratio in the worst case
scenario, however, means that we cannot rule out
the possibility that any ERT strategy (with or
without BMD screening) would be a very poor in-
vestment for society.

Outcomes with PERT

PERT reduces the excess risk of endometrial can-
cer in women on HRT, but it may also reduce
HRT’s heart disease benefits. OTA analyzed the
cost effectiveness of alifelong regimen of PERT
assuming that 1) the risk of endometrial cancer
with PERT, is not elevated over population levels
and 2) the relative risk of heart attack in women on
PERT compared with those not on therapy is 0.8.
All other assumptions followed the base case.
(See table 2 above.) Figure 5 compares the result-
ing cost-effectiveness ratios of two preventive
strategies with those of the same strategy using
ERT.

The PERT dtrategies are less cost effective be--
cause assumptions about heart disease have abig
impact on the analysis. 37Although PERT reduces
incidence and lowers treatment costs of endome-
trial cancer, it also lowers heart disease benefits,
which far outweigh the consequences of endome-
trial cancer. Of course, if ERT itself has no heart
disease benefits, the addition of progestinsto the
HRT regimen improves the cost-effectiveness ra-
tio, but the cost-effectiveness ratios of either regi-
men would be very high. (For a 40-year course of
HRT in all women, the cost per added year of life

FIGURE 5: Cost Effectiveness of PERT v. ERT
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assuming no heart disease benefits is $443,884 for
ERT and $262,673 for PERT.)

Olnitiating Osteoporosis Screening/HRT
at Age 65

Is osteoporosis prevention at menopause better or
worse than initiating prevention at a later age,
when the risk of hip fracture and heart disease
have increased? Beginning HRT in elderly
women has been proposed as away to reduce the
total duration of exposure to HRT in these women,
thus reducing the risks of breast and endometrial
cancer, while having HRT present during the ages
of highest risk of heart disease and hip fracture.

Modeling the impact of BMD screening and/or
HRT on bone loss, heart disease, breast cancer, en-
dometrial cancer, and gallbladder disease is even
more uncertain for a population of 65-year-old

"1 the relative risk of CHD were the same for both ERT and PERT then the cost-effectiveness ratios would be similar. For example, if the
relative risk of CHD is 0.8 for both ERT and PERT, the cost per added year of life of alifetime course of ERT for all women is $78.860 and the cost

per added year of life for the same strategy using PERT is $64.376.
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women than it is for a population of 50-year-old Placing on ERT for 20 years only those women
women, because there is much less informatiomwhose BMDs are below the mean costs almost
available on effectiveness and risks of HRT in$184 million per 100,000 women screened and
women who begin therapy at 65 years of #ye. adds about 2,000 years of life to the coRdithe

OTA analyzed the cost effectiveness of initiat-mean cost per discounted year of life gained is
ing a screening program in women at age 65 undé90,117 (approximate confidence interval is
the base case assumptions regarding the effect $#5,191 to $135,033). Thus, if there are no cardiac
ERT on disease. Specifically, OTA assumed thatenefits to HRT when it is begun at 65 years of

, , age, an osteoporosis screening and HRT program
L iSEI;I]- m(!rz[[()); further bone loss while a Womanthat begins at age 65 will deliver health benefits at

] _ , a cost that lies above commonly accepted bench-
2. the relative risk of heart attack is 0.5 while onyarks for preventive interventions. The risks and
therapy; benefits of initiating HRT at older ages need more
3. therelative risk of breast cancer is 1.35 after 18tudy.
years of therapy;

4. the relative risk of endometrial cancer is 3.5 ag] Cost Effectiveness of A Hypothetical
soon as therapy begins and 7.0 after 10 years for Targeted Osteoporosis Drug

the duration of therapy; and HRT is at present the only therapy approved for
5. the relative risk of gallbladder disease is Z.Snarketing to prevent the reduction in bone mass
while on therapy. that accelerates in women around menopause and
Table 26 shows the results of the analysis foeventually contributes to fractures. Other classes
strategies in which women are screened at age @t drugs are currently under investigation as tar-
and placed on ERT for 20 years. Regardless of tigeted approaches to maintaining or increasing
BMD threshold for ERT, prevention is cost sav-Pone mass in women with osteoporosis (19, 54,
ing. That is, it not only lengthens life on averagebl, 98, 110). One drug approved today for the
but also reduces health care costs. Putting alféatmentof women with established osteoporosis
women on therapy both provides the greatest codt injectable calcitonin, although questions re-
saving and adds the greatest number of years §ain about calcitonin’s long-term efficacy on
life to the cohort. bone and fracture. Calcitonin is approved for
Much of the medical benefit and reduced Cos{reatment of osteoporosis, but it has not been ap-

predicted by the model stems from assumed regroved for prevention of osteoporosis (29, 70).

ductions in the risk of heart attacks for women on The bisphosphonate class of drugs has received
ERT. Since there is no evidence that women firsconsiderable development effort. The most well-
placed on ERT at age 65 do indeed have a reducstudied bisphosphonate, etidronate, was recom-
heart attack risk, OTA examined the sensitivity ofmended for rejection by an FDA medical advisory
the results of assuming the relative risk of heart apanel in November 1994. Researchers today are
tack is 1.0. focusing on the bisphosphonate alendronate,

38 Although studies of HRT’s impact on heart disease, osteoporosis, and other disease have included elderly women, few of these women
began HRT in old age. The benefits of HRT initiated many years after menopause may differ from the benefits in those who have been on HRT for
many years. For example, the benefit of HRT on heart disease may be lower in women who already have substantial atherosclerosis. The ability
of HRT to reduce hip fracture risk may be limited in women with already compromised bone structure.

39 Both costs and effectiveness are discounted to their present value in the screening year at an annual rate of 5 percent.
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TABLE 26: Cost Effectiveness of Screening/HRT Beginning at 65 Years of Age®

per 100,000 women screened

($ millions)
BMD threshold for therapy
Baseline: 1STD Everyone
no therapy below mean Below mean on therapy

Number who complete therapy 0 13,540 42,828 85,564
Fatal heart attacks 8,929 8,380 7,458 5,972
Number of breast cancer cases 7,292 7,549 7,965 8,677
Number of endometrial cancer cases 1,679 2,625 4,488 7,297
Number of hip fractures 17,190 15,918 14,102 11,781
Number of gallbladder removals 8,929 10,633 14,239 19,581
Cost of treating breast cancer

(undiscounted) $313 $322 $336 $361
Cost of treating breast cancer (discounted) $216 $221 $227 $240
Cost of treating endometrial cancer

(undiscounted) $29 $32 $37 $45
Cost of treating endometrial cancer

(discounted) $20 $22 $25 $29
Cost of heart attacks (undiscounted) $1,852 $1,738 $1,547 $1,239
Cost of heart attacks (discounted) $983 $915 $797 $609
Cost of treating hip fractures

(undiscounted) $394 $365 $323 $270
Cost of treating hip fractures (discounted) $201 $187 $168 $144
Cost of treating gallbladder disease

(undiscounted) $100 $119 $159 $219
Cost of treating gallbladder disease

(discounted) $67 $81 $110 $153
Cost of hormone replacement therapy

(undiscounted) $0 $64 $202 $405
Cost of hormone replacement therapy

(discounted) $0 $44 $141 $281
Cost of BMD screening (undiscounted) $0 $10 $10 $0
Cost of BMD screening (discounted) $0 $10 $10 $0
Total lifetime costs (undiscounted) $2,688 $2,650 $2,615 $2,538
Total lifetime costs (discounted) $1,487 $1,480 $1,478 $1,456
Years of life lived per 100,000

(undiscounted) 1,773,287 1,779,926 1,791,992 1,811,804
Years of life lived per 100,000 (discounted) 1,155,306 1,158,286 1,163,942 1,173,341
Dollars saved $7 $8 $31
Years of life gained 2,981 8,637 18,035

*20 years of therapy.

KEY: BMD = bone mineral density; HRT = hormone replacement therapy, STD = standard deviation

NOTE: Discount rate = 5% for both years of life and costs Costs discounted to present value at age 65 years Base case assumptions

SOURCE: Office of Technology Assessment, 1995
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which has been shown to be effective in preventwould be strong. Even then, a strategy of BMD
ing bone loss (10, 143). screening and selective therapy would be difficult
(to justify on cost-effectiveness grounds without
et_>etter information about dimensions of effective-

mass maintenance without the side-effects attrib?€>> that have npt begn m_cluded in the present
uted to HRT? We analyzed two osteoporosi§nOdel_the guality-of-life impacts associated

prevention strategies for 50-year-old women With osteoporosis-related fractures. OTA's model

screening for BMD and placing all women Whosemcluded only length-of-life and cost impacts of

BMD lies below the mean on preventive doses opip fra_ctures. V\(hether_the (_jecrements in the qual-
the drug; and placing all women (regardless o ty of life associated with hip fractures and other

BMD) on the drug. We assumed the following ractures would bring a quality-adjusted cost-ef-

about the intervention: 1) it would preserve bonefectiveness ratio into line with customary bench-
mass for the duration of therapy: 2) it would in.Mmarks is a research issue that may be worth careful

volvenoincreased risks of cancer, gallbladder dis_exploranon In anticipation of the dev_elop_ment of
targeted osteoporosis drug sometime in the fu-

ease, or any other unintended side effects; and )r
it would have no beneficial effect on heart dis-" c-

easet0 . .
_ _ [J Low Compliance with HRT:
The analysis was based on two alternative as- Implications for Cost Effectiveness

sumptions about the annual cost of such a medica: .
P g)TA’s analysis assumed that women who enter a

tion: 1) that it would cost the same as PERT; an d . reening or HRT broaram would stick with the
2) that it would cost $1,000 per year. The latter as; g0 ' Prog
therapy for its entire course. Although the propor-

sumption is probably more realistic about a neV\{.
q . o .. tion of post-menopausal U.S. women who use
rug for the prevention of a chronic illness with : :

. ) HRT has increased in the past two decades (21),

major morbidity? . .
_ _until recently the duration of use and the average

Table 27 describes the results of the analysisiose actually declined (116). This is due in part to
Regardless of the annual cost of the drug or whethhe growing evidence that risk of cancer may be
er BMD screening is used to target the drug tgelated to the dose and duration of HRT. Even
those at highest risk of osteoporosis, the lifetimevhen women are prescribed HRT, a substantial
cost per added year of life is well above $100,000sroportion (20 to 60 percent) never have their pre-
If the drug is introduced at a total annual cost ofcriptions filled (125). The five-year full com-
$1,000, the lifetime cost would be very high rela-pliance rate for women who begin post-
tive to the gains in years of life, particularly if all menopausal HRT is between 5 and 34 percent
women are placed on therapy. (125)42

What would OTAs cost-effectiveness mode
predict about a hypothetical drug targeted to bon

Were a new drug to be approved that meets the Recently introduced HRT regimens, such as
assumptions laid out above, the case for limitingcontinuous-combined HRT or estrogen patches,
therapy to those at highest risk for osteoporosisay increase compliance in the future, and better

40 Calcitonin and the bisphosphonates appear to have no major effects other than on bone.

41 commonly prescribed preventive medications for cholesterol reduction cost on the order of $750 to $2,000 per year (45). In 1994, the
average wholesale price of a yearly dose of injectable calcitonin for treatment of osteoporosis was $3,545.98 (1).

42| ow compliance with HRT has many reasons. In general, compliance with a drug regimen is lower when patients suffer no physical symp-
toms, patients are not convinced the medication will help, patients are afraid of side effects, or symptoms disappear before the end of treatment
(138). Many women may be resistant to taking HRT becausedt igatural(91). They also discontinue HRT because of side effects they find
unacceptable, such as resumed menstruation, breast tenderness, weight gain, headaches, and abdominal bloating (93).
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TABLE 27: Cost Effectiveness of a Lifetime Course of a Hypothetical Osteoporosis Preventive Therapy in

Women Beginning at 50 Years of Age®
per 100,000 women

($ millions)
Baseline: 1STD Everyone
no therapy below mean on therapy
For therapy = $258/year
Number who complete therapy 0 13,897 87,727
Fatal heart attacks 8,570 8,619 8,675
Number of breast cancer cases 10$135 10,220 10,199
Number of endometrial cancer cases 2,378 2,398 2,379
Number of hip fractures 16,985 14,633 6,588
Number of gallbladder removals 12,576 12,596 12,678
Years of life lived per 100,000 (undiscounted) 3,018,098 3,020,287 3,028,149
Years of life lived per 100,000 (discounted) 1,549,499 1,549,958 1,551,618
Total lifetime costs (undiscounted) $2,862 $2,975 $3,389
Total lifetime costs (discounted) $997 $1,067 $1,327
Extra costs incurred $70 $330
Gain in years of life lived 459 2,119
Cost effectiveness ratio (dollars per year of life added) $152,288 $155,816
For therapy = $1000/year
Total lifetime costs (undiscounted) $3,279 $5,523
Total lifetime costs (discounted) $1,234 $2,412
Extra costs recurred (undiscounted) $237 $1,445
Gain in years of life lived 650 1,932
Cost effectiveness ratio (dollars per year of life added) $363,752 $747,894

*Therapy Is assumed to stop bone loss at the age of initiation with no other health effects
NOTE Discount rate = 5% for both years of life and costs. Costs discounted to present value at age 50 years

SOURCE Off ice of Technology Assessment, 1995

information about risks and benefits of therapy
may help as well (93), but it is unredlistic to as-
sume that most women who begin HRT will re-
main on it for therest of their life.

What does low long-term compliance with
therapy mean for the cost effectiveness of HRT?
The data in table 20 show clearly that HRT is sub-
stantially less cost effective with lower rates of
compliance. If 50 percent of women were to termi-
nate therapy after only 10 years while the rest of
the population remains on therapy for 40 years, for
example, the cost effectiveness of ERT in the pop-
ulation as a whole would rise to about $73,000.
Thus, unless present compliance rates can be sub-

stantially increased, an HRT strategy is not likely
to be very cost-effective.

Because low bone density does not have ob-
vious symptoms unless fracture occurs, bone-den-
sity measurement may increase commencement
and maintenance compliance with HRT. Physi-
cians could use densitometry to help patients who
are undecided about initiating HRT to visualize
their low bone density (96). In addition, mainte-
nance compliance might be improved by the use
of densitometry in following patients' bone densi-
ty over time.

l
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Recent evidence suggests that women wheerent assumptions about the benefits, risks, and
have had below-average bone density confirmedosts of screening and HRT.
by densitometry may be more likely to commence \yginstein analyzed the cost effectiveness of
HRT as a preventive measure for osteoporoaaacing women on estrogen therapy for 15 years
(118). In a study of a rand_om sample of WOMeTheginning at age 50 (141, 142). Unlike OTA,
who had undergone densitometry, 38 percent Ofyeinstein attributed no beneficial cardiovascular
those who were told their BMD was below normalggfects to HRT. On the other hand, he assumed that
began taking HRT, compared with 8 percent olyrT would reduce the frequency of wrist frac-
thosiswho were told their BMD was normal ofy,res (and therefore the cost of treating them) as
high: well as those of hip fractures. Weinstein's assump-

Given the very real barriers to compliance withtions about patterns of risk of hip fracture, endo-
HRT that exist in the general population and thenetrial cancer, and breast cancer in women placed
evidence that BMD screening may increase comen HRT also differed from those of OTA. Finally,
pliance among those at highest risk of osteopordA/einstein assigned subjectivguality-of-life
sis, a strategy of BMD screening coupled withweights to years of life lived in the presence of the
HRT onlyin those at highest risk of fracture may diseases and conditions affected by HRT. These
be more cost-effective in practice than a strategguality-of-life weights were based on the authors’
that encourages all women to commence HRTbest judgment about the value of one year of life
The cost per added year of life may still be verylived with hip fracture compared with a year of life
high if the compliance obtained from such a stratelived in perfect health.

gyis incompleté* Thus, evenifscreeningandse-  The estimated cost per quality-adjusted year of
lective HRT can substantially increase long-termjfe gained under a 15-year-long regimen of HRT
rates of compliance, the cost of prevention mayy gl women was $24,000 (in 1980 dollars). This
still be high compared with its medical benefits.js somewhat lower than OTAs estimate for a
Furthermore, the use of BMD screening as a 100} 5.year course of therapy, whose estimated aver-
to increase compliance must be evaluated againghe cost lies between $46,000 (20 years’ therapy)

other methods of improving long-term com- 5nq $127.000 (10 years’ therapy).

pliance. .
Tosteson and colleagues examined the cost ef-

fectiveness of estrogen/progestin therapy and

COMPARISON OF OTA'S RESULTS BMD screening using more recent data on hip
WITH OTHER COST-EFFECTIVENESS fracture risks than was available to Weinstein
ANALYSES (127). Some of the assumptions in that analysis

Several earlier studies examined the health anchore closely approximate those of OTA. For ex-
cost impacts of long-term HRT, with or without ample, they assumed that HRT would stop bone
BMD screening. None of these studies includedoss for the duration of therapy. Because the HRT
the same components of effect, and each made difsted in their analysis included progestin, Toste-

43This study is difficult to interpret, because it did not control for differences in the level of BMD. The study investigators did not state how
many women were already planning to begin HRT before BMD screening. How much higher compliance would be in low-BMD women who are
given bone-density information than in low-BMD women who are not told their BMD levels remains an open question. There is also no informa-
tion about what physicians recommended to their patients, or whether HRT was prescribed. Studies of compliance with HRT have shown that it is
strongly affected by what people are told by their physicians and what women believe about HRT's risk and benefits.

44 For example, under a strategy of screening and ERT for women whose BMD is in the lowest 16 percent of the population, if 50 percent of
the high-risk women stop ERT after 10 years of therapy, the average cost would be $90 thousand per added year of life, compared with $27
thousand if all high-risk women stayed on therapy for the rest of their life. (See table 20).
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son and colleagues assumed neither beneficialf universal HRT) are to be expected in a model
heart disease effects nor increased risks of endthat predicts no heart disease benefits.
metrial or breast cancer in women on HRT. Thus

t.h(.e Tosteson analysis rests prlmar_lly on the ben‘?he cost per QALY of various HRT strategies initi-
ficial effects of HRT on osteoporotic fractures. ated at menopause (23). The authors adopted the
Tosteson presented results both in terms of cosubjective quality weights developed by Weins-

per added year of life and cost per year of life, adtein (142). In contrast to Weinstein, they included
justed for the quality of life in various health heart disease benefits, valuing each year of life
states. The quality adjustment weights were basedllowing a heart attack at the same value as a year
on subjective estimates developed by Hillner andy life following hip fracture. They also assumed
colleagues based on the judgement of a smajhat HRT would have no impact on breast cancer
group of experts (58} OTA did not apply quali- incidence. The study did not include the costs of
ty-of-life weights, but how such weighting would nursing home stays following hip fracture and
affect OTA's results is unclear, since the deleterimade assumptions about the risks and costs of en-
ous effects on the quality of life with breast or endometrial cancer that differed from those of OTA.
dometrial cancer, or of HRT itself, are These authors concluded that a 15-year course of
accompanied by improvements in the quality ofHRT would cost approximately $46,000 (1988
life when hip fractures and heart disease ar@ustralian dollars) per QALY with ERT and

avoided. Tosteson did not address the negative e§40,000 per QALY with PERT if the relative risk
fects of HRT on breast cancer, endometrial cancesf heart attack is 0.5 with ERT and 0.75 with

and gallbladder disease; hence, their quality adPERT.
justments decreased the cost-effectiveness ratio.

' Arecent Australian study provides estimates of

- Other analysts have also estimated the cost im-

Tosteson found that the cost per additional yeapacts of osteoporosis screening and treatment, but
of life lived (before adjusting for quality of life) their work is less directly comparable with OTA's
was $86,100 (in 1990 dollars) for a 15-year coursgydy. Ross and colleagues evaluated the potential
of HRT. This compares with OTAs estimate in thegnnyal costs and savings associated with screen-
range of $46,000 (20 years’ therapy) to $127,006hq all women at age 50 and a lifetime course of
(10 years’ therapy). HRT (116). They assumed that HRT would reduce

Screening women for BMD and placing on bone loss by 50 percent throughout the period and
HRT only those at high risk of fracture was morepredicted the impact of HRT on the incidence of
cost effective than treating all women with estrofractures using data from a sample of 2,000
gen-progestin therapy. For example, placing onvomen. Placing all women on HRT for their life-
HRT only those women whose BMD values weretimes would reduce lifetime fracture frequency by
below 0.9 gm/criresulted in a cost per year of life 43 percent (compared with a reduction of 53 per-
gained of $14,620 (in 1990 dollars). The relativelycent predicted under OTAS base case assump-
low costs of selective HRT (compared with thosdions).

45 For example, one year spent in a nursing home following a hip fracture was assumed to be worth 0.36 years of life without disease.
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Ross and Wasnich estimated the national codty HRT, such as gallbladder disease, endometrial
of osteoporotic fractures in women at $5.69 bil-cancer, and breast cancer.

. . 6
lion (|n_1987 dollarsf® They assumed th?t BMD, It is also worth noting that the conclusion that
screening would cost $60 (compared with OTASg\D screening and selective HRT in those at

;itémate of $180)_ahng'5|[1£t a”r?“a' HR;I- $V;%gld ;O%igh risk will actually increase savings associated
(compared wit S estimate o ). S with osteoporosis prevention compared with uni-

suming a proportional reduction in national frac'versal HRT is based on the exclusion of heart dis-
ture costs with reductions in fracture incidence ase benefits from the model. In OTA's analysis

Ross and Hvlg"f‘rsnmhl dpredlcg;d 4§h§|t|. placing alEeart disease benefits are in large part responsible
women on | Would Save o2.4.5 DITION Per yealg, i, greater cost effectiveness of a lifelong regi-
(1987 dollars) in fracture costs, which would Justmen of HRT for all women

pay for the costs of HRT. Screening for bone min-

eral content and placing only those women with Clark and Schuttinga recently analyzed the
the lowest 50 percent on HRT would reduce thé@resent value of net direct and indirect health care
national costs of osteoporotic fractures by $1.880sts of screening for BMD at 50 years of age and
billion per year which, when combined with the placing high and moderate-risk women on a
costs of screening and selective HRT, would lead5-year estrogen/progestin strategy (27). They as-
to a net savings of $760 million per year. sumed that a 15-year course of HRT would reduce
fracture risk by 50 percent after the first five years

The finding that the national cost of illness ac- e
tually declings with HRT. even when Carc}"(,jlcandthroughthe rest of the woman’s lifetime. They
' stimated the average cost of hip fracture at

benefits are not considered, is due to several a . .

pects of the approach taken by Ross and his co 41,723 (comparesd with approximately $23,000
leagues. First, the costs of screening and theraﬁfsumed by OTAY

assumed in that study are substantially lower than Slightly less than 10 percent of total hip frac-
those assumed by OTA and other investigatordure costs estimated by Clark and Schuttinga are
Second, the national cost of osteoporotic fracturest earnings. Clark and Schuttinga included the
includes cost items that are excluded from OTAqet costs of vertebral fractures (assumed to result
analysis?’ Third, Ross and Wasnich did not in- in hospitalization in 50 percent of cases) and of all
clude the costs of treating other diseases induceather fracture4? Assuming that 1) 90 percent of

46 This estimate was taken from a 1984 study of the costs of musculoskeletal conditions conducted by the American Academy of Orthopedic
Surgeons (3). The authors of that study estimated the annual national costs associated with osteoporosis at $6.14 billion in 1984 dollars. Ross and
colleagues updated the cost estimate to 1987 dollars and multiplied the result by 80 percent to account for the proportion of osteoporotic fractures
assumed to occur in women (80%).

Because it is difficult to identify the true contribution of osteoporosis to fracture incidence, the authors of the 1984 study had to estimate the
proportion of fractures attributable to osteoporosis. The 1984 report does not specify these assumptions, but in the report 32 percent of total
fracture-related inpatient hospital costs across all ages was attributed to osteoporosis and more than 50 percent of all nursing home cost
associated with fractures was attributed to osteoporosis.

47The 1984 estimate of osteoporosis costs includes several items that are excluded from OTA's estimate of the costs of osteoporotic fractures.
First, the study includes the costs of all fractures, whereas OTA's analysis is limited to hip fractures (3). Even within hip fractures, however, about
16 percent of the 1984 estimate is for cost items excluded by OTA. In particular, 7 percent was attributed to nonhealth sector goods and service
(e.g., the value of unpaid family care); 2 percent was attributed to administration of the system; and 7 percent was attributed to indirect costs (i.e.,
lost earnings). OTA excluded these cost items either because data were not accurate or the cost item is inappropriate for a cost-effectiveness
analysis. See OTA's background paper on hip fractures for a detailed discussion (132).

48 Clark’s higher hip fracture costs are due principally to two factors: 1) a higher estimate of hospital costs ($11,600 vs. $7,623 for OTA); and
2) the use of an estimate for nursing home costs implies that all hip fracture patients spend a full year in a nursing home.

49 The source of data on the incidence of different kinds of fractures is not given in the paper by Clark and Schuttinga.
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the high risk group and 70 percent of the mid-riskSCREENING RECOMMENDATIONS

group would comply with HRT therapy; 2) BMD QF EXPERT GROUPS

measurement would cost $150 (compared Witly ,mper of technology assessment agencies of
$100 in OTAs model); and 3) HRT would €ost iher governments have recommended against

$190 per year (compared with $269 in OTASyone density measurement as a routine procedure

model), Clark and Schuttinga concluded that the, screening of osteoporosis in all postmenopau-

program would save $5.1 million in net national g, women, including France (2): Germany (47):
costs per 100,000 women screened. Britain (128, 130, 139); Spain (60, 99, 119); Aus-

The optimistic forecast of net national cost saviralia (9); Finland (44); and Canada (48). The
ings for BMD screening and HRT in this analysis,World Health Organization (WHO) also recom-
compared with that of both OTA and Tosteson andnended against general screening of postmeno-
Weinstein, is explained in large part by the relapausal women for osteoporosis (147). Some of
tively low annual HRT costs and the assumptiorthese groups did recommend BMD measurements
that HRT would reduce fracture risk by 50 percentn menopausal women with multiple risk factors
throughout the rest of a woman’s life despite the2, 9, 137, 147). Other government agencies are
discontinuation of therapy (compared with OTAs planning an assessment, including the Nether-
estimate of a lifetime decrease of roughly 35 perlands (89) and Sweden (126).

cent for HRT of similar duration). Inclusion of in- | the United States, the U.S. Preventive Ser-
direct costs (lost earnings) and the costs Ofjces Task Force (137) and the National Center for
vertebral and other fractures in the national cost ofjealth Services Research (135, 136) have not rec-
osteoporosis also raises the potential cost savinggnmended general screening of bone density in
associated with HRT. And the assumption that 5¢henopausal women. Both the OHTA and
percent of vertebral fractures would result in hosySPSTF have new assessments near completion.
pitalization, an assumption that is not supportedhe new USPSTF recommendations, due out this
by data, clearly increases the cost savings attribu{rear, are not likely to change regarding bone den-
able to HRT. sity screening (64).

On the other hand, Clark and Schuttinga as- Several medical organizations in the United
sumed higher BMD screening costs than those aftates have also issued recommendations regard-
OTA. They also assumed lower compliance withing BMD screening. The American College of
therapy, which depresses net cost savings, ardbstetrics and Gynecology does not recommend
they assumed a higher discount rate (6 percemputine BMD screening for all postmenopausal
versus 5 percent used by both OTA and Tostesopomen, but densitometry has a place in screening
and Weinstein.) These differences have a relativeyomen who are at increased risk for osteoporosis
ly small impact on the resulting estimates of cost4). They also mention that BMD screening may
savings compared with the differences in impactémprove compliance with HRT.

on fracture rates and HRT cost assumptions. The American College of Physicians does not

As with all other analyses that assumed no hearecommend screening of all postmenopausal
disease benefits, Clark and Schuttinga’s studywomen for osteoporosis, but recognizes a role for
found that BMD screening and selective placeBMD measurements in women who are unde-
ment on HRT of those at highest risk of fracturecided about HRT (5). The American College of
saves more money than placing all women omRheumatology recommends BMD measurements
HRT. in women who have risk factors for osteoporosis:
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a family history of osteoporosis, early onset oflife is $18,900 to $47,800 (in 1993 dollars).
menopause, and low body weight. They also recFhough aggregate program costs decline with
ommend BMD screening in women with otherfewer people on therapy, aggregate benefits also
medical conditions that predispose to osteoporodecline, and the net cost per added year of life does
sis, such as primary hyperparathyroidism andiot change much. Screening may help to identify
long-term glucocorticoid therapy (6). those women who would stand to gain the mostin
A consensus conference sponsored by the g life extension benefits from HRT, but other meth-

ropean Foundation for Osteoporosis and Bon@dS Of selecting women who would gain the most
Disease, the National Osteoporosis Foundatiod®m HRT, such as identifying those at highest
and the National Institute of Arthritis and Muscu- 1Sk of heart disease or at lowest risk of breast can-

loskeletal Diseases concluded that bone-ma<sel. Might be less costly and more effective than

measurement is the best approach to screen indgMP screening.
viduals for their risk of developing osteoporosis Shorter durations of HRT use—10 to 20

(42). years—are much less cost-effective than are long-
er treatment durations, largely because substantial

CONCLUSIONS AND medical benefits accrue only when women stay on

POLICY IMPLICATIONS the therapy into old age, when the frequency of hip

fractures and heart disease rise dramatically.

OTA's analysis of the costs and effectiveness of ”" _
osteoporosis screening and HRT, under base caS3/AS model suggests that taking HRT for only 10

assumptions, suggests that it would be reasonab)Fa'S after menopause is extremely costly, regard-
cost effective to offer ERT at age 50 (the time of 5SS Of whether BMD screening is used to target

menopause) to all women who commit to a life-t€rapy-

long course of ERT. Entering all eligible women OTAs conclusions about the costs and effec-
on lifelong ERT would cost roughly $257 million tiveness of osteoporosis screening and HRT are
per 100,000 women entered in the program antempered by substantial uncertainty about the
provide about 11,000 extra years of life (dis-benefits and risks of HRT. The impacts of HRT on
counted to their present value) to the program erreast cancer, hip fracture, heart disease, gallblad-
rollees. The net cost per added year of life igler disease, and endometrial cancer have not been
$21,600 to $25,000 (in 1993 dollars). These estiestimated in adequate randomized controlled clin-
mated costs per added year of life are comparableal trials. Because almost all studies of HRT's im-
to other preventive interventions currently paidpacts on these diseases are observational, one
for by public and private third-party payers. cannot exclude the possibility that selection bias
Biannual screening mammograms, for exampleaffects their results. The most important factor af-
were legislated as a covered Medicare benefiiecting the tentativeness of OTAs conclusions is
based in part on evidence that showed a cost tfie uncertainty about HRT’s impact on heart dis-
$34,000 per added year of life (in 1987 dollars)ease, because the estimated cost effectiveness of
(131). screening and HRT is especially sensitive to as-

Screening women for low BMD and targeting SUMPtions about heart disease risk.

those at highest risk of osteoporosis for ERT is OTASs estimated cost-effectiveness ratios as-
also reasonably cost effective. Entering eligiblesume the existence of substantial reductions in
women with BMD values one standard deviationheart disease incidence in women on HRT. With-
below the mean on lifelong ERT would costout such benefits, the net life-extending effects of
roughly $50.5 million per 100,000 women en-HRT are substantially reduced, and the cost of
tered in the program and provide 1,800 extra yearachieving such benefits may be extremely high.
of life (discounted to their net present value) to théJnfortunately, the evidence of heart disease bene-
program enrollees. The net cost per added year éfs is based principally on observational studies
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which, though they are largely consistent in showwoman’s awareness that her bone density is low
ing a protective effect of HRT, could be substanmay encourage that woman to remain on HRT.
tially confounded by selection bias. But the results of BMD screening could also dis-

If HRT proves to have little or no heart diseasecPurage those with high measured bone densities
benefit, screening women for BMD and limiting ffoM remaining on HRT. The costs and long-term
HRT to those with low BMD values would be €ffectiveness of using BMD screening for increas-
more cost-effective than giving HRT to all N9 uptake and compliance with HRT needs to be

women, but the costs of screening and HRT woul§Valuated. The use of BMD screening for these
still be extremely high relative to the life-exten- PUrPOSes needs to be judged against other meth-

sion benefits received. If HRT has little or no heards Of increasing HRT uptake and compliance.

disease benefit, BMD screening might meet com- OTA's analysis suggests that it would be even

monly accepted cost-effectiveness benchmarksiore cost-effective to offer ERT to women at age

for clinical preventive services only if it were 65 than at age 50. This conclusion, however, de-
shown that the improvements in quality of life pends on extrapolating the heart disease benefits
from prevention of hip fracture substantially out-seen in women who begin ERT at menopause to
weighed the loss of quality of life from HRT-in- women who begin therapy at older ages. Conclu-
duced breast cancer. sions about the costs and effectiveness of initiat-

Estimates of the cost effectiveness of osteopdnd HRT in the elderly are even more tentative

rosis screening and HRT are very sensitive to ag)_ecause there is far less information about the ef-
sumptions about women’s compliance with HRT fects of HRT initiated at age 65 than there is about

Realistic expectations about compliance withRT initiated at age 50. If, in fact, HRT has sub-
HRT, especially over a lifetime of treatment re-Stantially less effect on heart disease when initi-

duce the cost effectiveness that can be expected@f€d at age 65 than when initiated at age 50,
the osteoporosis prevention strategies examineR€9inning HRT at older ages would be less cost-
in this paper. If compliance remains as low as ifffective than beginning it at age 50.

has been, all of the screening/HRT strategies The OTA cost-effectiveness analysis is in-
would be very costly for the benefits they conveytended to guide overall public health policy, in-
Long-term compliance with HRT might improve cluding decisions about educational programs or
if physicians became more aggressive in recompayment for screening or HRT. This analysis is not
mending the therapy. Newer HRT regimens curintended to guide individual decisions regarding
rently under development may reduce theBMD screening or long-term HRT. Individual
incidence of bleeding and other adverse effectsyomen’s risks of the various conditions and dis-
that tend to discourage long-term compliance witteases affected by HRT vary, as do their assess-
HRT. Nevertheless, policymakers must considements of the quality-of-life implications of
whether encouraging women to embark on a lifevarious outcomes. For example, some women
long HRT regimen through education programs omay wish to avoid increasing their risk of cancer
payment for preventive HRT is likely to be effec- regardless of the achievable heart disease benefits
tive in delivering the benefits that such a regimeror hip fracture risk reduction.

promises. To summarize, if OTA'S best estimates of the

Some experts have suggested that BMDmpacts of screening and HRT on health outcomes
screening has a role in the assessment of menand costs are accurate, a life-long course of ERT
pausal women who would accept HRT if it werefor all women beginning at menopause is a good
shown that they were at high risk of osteoporosignvestment for society compared with other ac-
(5). Experts have suggested that BMD screeningepted preventive services. The uncertainty sur-
may also be useful in improving women’s long-rounding critical parameters, however, means that
term compliance with HRT (118), because awe cannot be absolutely assured that HRT is rela-



tively cost-effective. And barriers to compliance 8.
with long-term therapy cast doubt on whether the
potential benefits, even if they are accurately fore-
cast, will be achieved in practice.

The only condition under which BMD screen-
ing would become more cost-effective than giving
HRT to everyone would be if it were shown, first,
that there are no heart disease benefits from HRT
and, second, that hip fractures and other osteopo-
rotic fractures had a dramatic effect on quality of

life. There are no data on quality-adjusted life 10.

years in persons with hip fracture or other osteo-
porotic fractures.
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