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Purpose: There are few data on the effects of disease biology
and competing mortality on the effectiveness of screening women
for breast cancer after age 65 years. The authors performed a
review to determine the costs and benefits of mammography
screening after age 65 years.

Data Sources: Cost-effectiveness articles published between
January 1989 and March 2002.

Study Selection: Studies were identified by using MEDLINE and
the National Health Service Economic Evaluation Database. The
authors included research on screening after age 65 years con-
ducted from a societal or government perspective; reviews and
analyses of other technologies were excluded.

Data Synthesis: 115 studies were identified and 10 met inclu-
sion criteria. One study modeled age-dependent assumptions of
disease biology. No study fully captured the potential harms of

screening, including anxiety associated with false-positive results,
overdiagnosis, and previous knowledge of cancer or living longer
with the consequences of treatment. Studies differed in the spe-
cific strategies compared and in analytic approaches. On average,
extending biennial screening to age 75 or 80 years was estimated
to cost $34 000 to $88 000 (2002 U.S. dollars) per life-year
gained, compared with stopping screening at age 65 years. Two
studies suggested that it was more cost-effective to target healthy
women than those with several competing risks for death.

Conclusions: Current estimates suggest that biennial breast
cancer screening after age 65 years reduces mortality at reason-
able costs for women without clinically significant comorbid con-
ditions. More data are needed on disease biology and preferences
for benefits and harms in older women.

Ann Intern Med. 2003;139:835-842.
For author affiliations, see end of text.

www.annals.org

Breast cancer is the second leading cause of potentially
avoidable cancer death among women (1, 2). Breast
cancer is largely found in older women (1, 3). Currently in
the United States, almost 50% of new cases and nearly two
thirds of deaths from breast cancer occur in 13% of the
female population 65 years of age or older (hereafter re-
ferred to as “older women”) (1). By 2030, 1 in 5 U.S.
women will be 65 years of age or older (4). This “graying
of America” (5) will largely increase the absolute number of
breast cancer cases among older women (6). However,
since few older women were included in the original
screening trials, we have few primary data on which to base
recommendations.

This rapidly growing population group is primarily
heterogeneous, with important age-related variations in co-
morbid conditions (7-9), mammography sensitivity (10,
11), natural history of disease and tumor characteristics
(for example, incidence of estrogen-receptor—positive tu-
mors, which have a better prognosis, increases with age) (3,
12-16), and morbidity associated with breast cancer and
treatments (16—18). Many of these factors differ in their
potential influence on the costs and yields of screening
older women.

In such situations, cost-effectiveness analysis can sum-
marize the expected benefits (life-saving potential and im-
proved quality of life), harms (side effects), and costs of
screening beyond age 65 years (19-21). Previous cost-ef-
fectiveness analysis of breast cancer screening has generally
demonstrated that mortality can be reduced at reasonable
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costs per life-year saved among women 65 years of age and
younger. It is unclear, however, whether screening is cost-
effective for women 65 years of age and older (10, 22-27).

We conducted a systematic review of published cost-
effectiveness analyses to evaluate the costs and benefits of
screening women beyond age 65 years to help the U.S.
Preventive Services Task Force’s deliberations about age
limits for breast cancer screening.

METHODS

The principles and rationale for our approach to con-
ducting systematic reviews of cost-effectiveness studies have
been described previously (28). We reviewed original eco-
nomic evaluations of breast cancer screening that included
data for older women. We sought studies addressing the
incremental cost-effectiveness of screening beyond age 65
years compared with screening up to age 65 years.

We searched MEDLINE from January 1989 to March
2002 and the National Health Service Economic Evalua-
tion Database (http://agatha.york.ac.uk/nhsdhp.htm) from
January 1994 to March 2002. We used the following
search terms to capture studies related to breast cancer
screening: exploded Medical Subject Headings (MeSH)
terms breast neoplasms and mass screening, breast cancer and
exploded MeSH term mass screening, and exploded MeSH
term mammography. To limit the search to studies relevant
to screening in older women, we added the MeSH term
aged. We used different strategies in each database to iden-
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tify cost-effectiveness analyses. For our MEDLINE search,
we added the exploded MeSH term cost—benefit analysis. In
the National Health Service Economic Evaluation Data-
base, we limited the search to economic evaluations. We
chose 1989 as a starting point because it marked the time
period in which papers on cost-effectiveness of breast can-
cer screening began to appear. To identify studies not cap-
tured by our database searches, we manually searched the
reference lists of retrieved articles and contacted selected
authors and experts in the field to identify additional
studies.

Two investigators independently reviewed each iden-
tified abstract, and potendially eligible articles were re-
trieved. Using information in the abstracts, we excluded
studies that were not cost—utility analyses or cost-effective-
ness analyses, such as economic evaluations that did not
quantify the health outcomes achieved for a given cost. We
also excluded studies that reported only cost per patient
screened or cost per type of cancer detected; studies with-
out original analyses; studies that did not allow assessment
of screening after age 65 years; and studies that were not
performed from a societal perspective or the perspective of
a third-party payer, such as Medicare or a national health
system. When several publications reported results from
the same cost-effectiveness model, we included more than
1 study if the studies contained different information. If
several articles presented the same analyses, we selected the
most comprehensive analysis and used the other articles for
supplemental information. When the decision about
whether to include a study was unclear from the title and
abstract, we evaluated the full article. A 4-member working
group reached consensus on final inclusion or exclusion of
articles. Excluded studies are summarized in an appendix
that is available from the authors.

One reviewer extracted data into evidence tables.
Other members checked the results, and discrepancies were
resolved by consensus. Data were abstracted on the basis of
a modeling approach; screening intervals; the assumptions
of each study about the epidemiology and natural history
of breast cancer; estimates of variables related to the effec-
tiveness of screening, including test accuracy, adherence
rates, and complication rates; estimates of the costs of screen-
ing, diagnosis, and treatment; the proportion of types of
cancer and cancer deaths prevented by screening; and the
effect of varying key parameters (sensitivity analyses).

For each study, we tabulated life-years gained and
costs per person for different age groups. The evaluated
strategies were ordered by effectiveness. Costs were up-
dated to 2002 U.S. dollars by using the Consumer Price
Index for medical care (29). Incremental cost-effectiveness
ratios were then calculated, comparing screening after 65
years of age to screening cessation at 65 years of age.

This report was funded by a contract to the Oregon
Health and Science University Evidence-based Practice
Center from the Agency for Healthcare Research and
Quality (AHRQ) and a cooperative agreement from the
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National Cancer Institute. Staff of AHRQ reviewed the
draft and final manuscript and made editing suggestions.

REsuLTS

Our initial searches identified 115 potentially relevant
studies. Ten studies met our inclusion criteria and included
specific data on the cost-effectiveness of screening older
women (10, 22, 25-27, 30—34). The most common rea-
sons for excluding the remaining articles were lack of data
on screening after 65 years of age, study type other than a
cost-effectiveness study, and duplicate publication.

The Table shows the basic features of the 10 included
studies. All were cost-effectiveness analyses with benefits
expressed in life-days or life-years gained and costs ex-
pressed in U.S. (or other) dollars. Most studies expressed
incremental results for extending screening to ages 75 or 80
years, compared with ceasing screening at age 65 years.
Two studies presented results as an average for screening
from ages 50 to 74 or 79 years (25, 34). Each study con-
sidered the direct costs of care, including the costs of
screening, diagnostic tests, and treatment. No study con-
sidered patient time costs associated with screening, diag-
nostic, or surveillance procedures or treatment of cancer.
All studies discounted costs and effects. Discount rates var-
ied from 3% to 6%; the most common rate was 5%. The
variables used in the different studies were similar to those
noted in the U.S. Preventive Services Task Force summary
of recommendations (35).

Opverall, despite methodologic differences, the cost-
effectiveness results were fairly consistent. The results for
biennial screening after age 65 years generally indicated
incremental costs of approximately $34 000 to $88 000
(2002 U.S. dollars) per life-year saved compared with stop-
ping screening at age 65 years (Table); costs per life-year
saved increased after age 65 years. It was also cost-effective
to screen women after age 65 years if they had not been
regularly screened before age 65 years (27, 32).

Most studies considered the average risk for breast can-
cer, but 1 study specifically tested results by level of risk for
breast cancer (based on bone mineral density and a proxy
for lifetime estrogen exposure) (27). One study presented
results separately for older black and white women (32),
since black women have historically had lower screening
rates and higher mortality rates than white women (1, 36).
The remaining analyses explored results for women at av-
erage risk for breast cancer on the basis of population in-
cidence and mortality rates.

A key issue in evaluating the benefits of screening
older women is that in this group, in addition to an in-
creased risk for breast cancer, the probability of developing
other illnesses that can decrease life expectancy is also
higher, offsetting survival benefits of early cancer detection.
For example, if a woman has a small breast tumor detected
at screening but dies of a myocardial infarction the next
year, screening had no benefit in extending life expectancy.
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Two papers in our review specifically addressed the effect
of comorbid conditions on screening decisions (30, 32).
One paper considered the situation for women with de-
mentia (30), and the other assessed the influence of con-
gestive heart failure and hypertension (32). These studies
found that screening reduces breast cancer mortality in all
but the sickest women. The remaining studies captured the
effects of average numbers of comorbid conditions through
use of general population mortality rates.

Detecting cases of cancer or ductal carcinoma in situ
that would not have become clinically evident or would
not have progressed to invasive disease before death might
be considered a screening-related harm or overdiagnosis.
Depending on a woman’s preference, living for a longer
period with the diagnosis of breast cancer and the conse-
quences of treatment (such as scars and diminished arm
mobility) can reduce quality of life, especially in cases
where early detection and treatment do not extend life
because of competing forces of mortality. These harms are
not explicitly modeled in any study in our review, and no
study considered ductal carcinoma in situ separately or
made any assumptions about overdiagnosis. Two studies
attempted to capture negative consequences of screening
through quality adjustment of a woman’s remaining years
of life after diagnosis of cancer (27, 32). However, the
valuation of the quality of this time (that is, utility or
preference value) was based on expert opinion, not directly
on patients with cancer or general populations of women
(19). Screening may also harm women who have a positive
mammography result but do not have cancer. One study
incorporated the short-term disutility from anxiety and dis-
comfort associated with a false-positive screening result and
found that it did not alter the conclusions of the analysis
(32). The harms of operative mortality among women re-
ceiving treatment for breast cancer was explicitly incorpo-
rated in only 2 studies (30, 32) but was low enough
(<2%) not to affect conclusions. Thus, in the studies in-
cluded in this review, potential harms have been modeled
incompletely.

If breast cancer is a slower-growing neoplasm in older
women than in younger women, then screening at intervals
longer than 1 year may be a cost-effective option. Most
base-case analyses examined biennial screening intervals.
The analysis by Mandelblatt and colleagues (32) consid-
ered a one-point-in-time screening decision, and the model
by Eddy (26) included annual screening for a 10-year pe-
riod. Rosenquist and Lindfors (25, 34) compared combi-
nations of more frequent screening for younger women
and longer screening intervals for older women. They con-
cluded that the discounted cost-effectiveness of annual
screening from ages 40 to 49 years, followed by biannual
screening from ages 50 to 79 years, yielded equivalent cost-
effectiveness of screening annually from ages 50 to 79
years. However, the authors did not separately test differ-
ent intervals after age 65 or 70 years. de Koning and col-
leagues (22) included triennial screening but present the
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results only for women 50 to 65 years of age, making direct
comparisons with other studies difficult.

In general, each model used data on stage-specific sur-
vival to simulate natural disease history. Only 2 studies
explicitly assumed age-specific disease biology (31, 33).
These authors assumed that the preclinical detectable phase
increased from 1.8 years at 35 years of age to 2 years at 50
years of age and to 6.2 years at 70 years of age. This as-
sumption should favor screening, since fewer cases will rap-
idly progress and be missed by screening. However, as
noted earlier, this also implies the possibility of longer in-
tervals between screenings as women age. It also implies
less virulent disease, leading to lower survival benefits in
older women than in younger women. Of note, the 2 stud-
ies that modeled age-specific disease behavior and the stud-
ies that used observed stage shifts with screening (for ex-
ample, from regional to distant) came to similar conclusions
about screening.

All studies assumed the same mammography test sen-
sitivity for all age groups. Mammography has a higher
sensitivity in older women than in younger women (10).
Assuming equivalent sensitivity across age groups underes-
timates effectiveness for older women. In addition, all stud-
ies used a single estimate of sensitivity for all rounds of
screening. Previous studies have demonstrated that sensi-
tivity is typically greatest in the first round of screening
(11). When detection of prevalent (larger) tumors is in-
cluded with detection of incident (smaller) lesions, sensi-
tivity values are overestimated, biasing results in favor of
screening for all age groups.

With 1 exception (22), all analyses assumed that 100%
of women attended screening and adhered to diagnosis and
treatment. If older women are less likely to adhere to
screening than women 65 years of age and younger, then
costs will decrease. If the costs decrease in exact proportion
to the benefits, then this will not affect conclusions. If
either costs or benefits vary disproportionately, the cost-
effectiveness ratio can be higher or lower. de Koning and
colleagues (22) used the actual age-specific rates of partic-
ipation seen in the Dutch trials (65% at age 70 years and
45% at ages 71 to 75 years) and found that costs and
benefits decreased proportionately with decreasing partici-
pation. If older women adhere to screening (and incur
screening costs) but do not adhere to prompt diagnosis or
recommended treatment, they will not fully benefit from
earlier detection, and cost-effectiveness ratios will increase.
However, lower adherence could result in lower costs if
women not using mammography do not develop breast
cancer or die of competing causes before breast cancer
surfaces.

Most sensitivity analyses varied 1 parameter at a time
(1-way analyses). Parameters that caused cost-effectiveness
ratios to vary substantially from the base case in sensitivity
analyses included cancer incidence rates (such as a 2-fold
increased incidence in women with a family history of
breast cancer) (26, 32), differences in assumptions about
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Table. Summary of Studies on the Cost-Effectiveness of Screening for Breast Cancer after Age 65 Years*

Author, Year
(Reference)

Messecar, 2000 (30)

Rosenquist and Lindfors,

1998 (34)

Lindfors and Rosenquist,
1995 (25)

Brown, 1992 (10)

Boer et al., 1998 (31)

Boer et al., 1999 (33)

de Koning et al., 1991
(22)

Eddy, 1989 (26)

Kerlikowske et al., 1999
(27)

Mandelblatt et al., 1992
(32)

Time Horizon

Lifetime

Age 40-79 y

Age 40-79 y

20 y starting
atage 50y

Lifetime

Lifetime

1990-2017

10y

Lifetime

Cross section,
1 point
in time

Type of Model

Markov

Markov

Markov

CANTROL
Markov
process**

MISCAN

MISCAN

MISCAN

CANTROL

Markov
process**

Markov

Markov

Interval

Biennially

Annually for age
40-49 y,;
biennially for
age 50-79 y

Annually for age
40-49 y;
biennially for
age 50-79 y

Biennially

Biennially;
examines
triennially

Biennially;
examines
annually and
triennially

Biennially

Annually

Biannually

1 point in
annual
program

Mammography
Effectiveness

Based on SEER stage
distribution§

39% reduction in
mortality with
biennial for
age=50y; 13%
for age 40-49 y

Mortality reduction
varies by age;
4%-23% for age
40-49 y;
23%-32% for
age 60-79 y

Observed from RCTs
~30% reduction
in mortality

Observed from RCTs
~30% reduction
in mortality

Observed from RCTs
~30% reduction
in mortality

Observed from RCTs
~30% reduction
in mortality

Unknown

27% reduction in
mortality
(22%-32%);
assume benefits
continue for 5
years after
cessation of
screening

Based on SEER stage
distributionst

Sensitivity Specificity
%
95 95
Not stated Not stated
Not stated Not stated
Not stated 98.6
Varies by lesion size: 40, Not stated
ductal carcinoma in
situ; 65, T1a; 80, T1b;
90, T1c; 95, = T2
Same as Boer et al., Not stated
1998 (31)
Same as Boer et al., Not stated
1998 (31)
Not stated 98.6
Not stated Not stated
75 920

* HMO = health maintenance organization; MISCAN = microsimulation of cancer (a Monte Carlo simulation approach); NA = not available; RCT = randomized

controlled trial; SEER = Surveillance, Epidemiology, and End Results.

12002 U.S. dollars based on the Consumer Price Index.
¥ Incremental costs per additional life-year, compared with screening until age 65 y, unless otherwise specified.
§ Effectiveness based on stage is estimated by comparing stage distribution without screening with more favorable stage distribution with screening.
|| Ratio includes annual screening for age 4049 y, which overestimates results for women older than 50 y of age. Note that results are average results over the age range and

do not allow separation of data for extending screening after age 65 y.

9 Analysis includes annual screening for age 40— 64 y, then biennially for age 65-79 y, compared with biennial screening for age 5059 y, so incremental ratio includes costs

of starting earlier and extending screening to age 79 y.
** CANTROL is a computer program to calculate outcomes and costs.

mortality reductions (22, 25, 27, 34), quality adjustment
(27), and discount rates for the oldest groups of women in
poor health (32). Discount rates reflect the fact that most
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people value present years of life more than future years. If
older women value the present over the future to a greater
extent than younger women, then screening may seem less
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Costst Utility Discount Cost-Effectiveness
Rate Ratio¥
Screening Diagnosis Treatment
$ %
118 1294 40 475 Local, 0.8; distant metastatic 5 3.3 d saved for screening
disease, 0.26 healthy women age
75-79 y (vs. 65-74 y);
1.5 d saved for
women with dementia;
cannot abstract
cost-effectiveness ratio
72 1116 7991 (surgery only) None 3 $22 794-$27 248
average
cost-effectiveness of
screening for age
50-79 |
110 1116 7991 (surgery only) None 5 $50 131 for biennial
screening at age
65-79 y
(approximately vs.
stopping at age 59 y)1
99 2520 Medicare costs: 21 287, None 5 $50 400 for age 70-75 y
local; 30 714, vs. 65-70 y; $54 000
regional; 30 714, for age 75-80 y vs.
distant; 63 455, 70-75y
terminal care
66 National Health Service 34 860, advanced stage None 6 $5910 for age 65-69 y
costs vs. stopping at age
64y
66 National Health Service 34 860, advanced stage Surgery, 0.89-0.93; 6 $48 433 for age 65-94 y
costs tamoxifen, 0.82; regional, vs. 50-64 y
0.63; distant metastatic
disease, 0.29
66 National Health Service 34 860, advanced stage None 5 $13 280 for age 71-75 y
costs vs. 65-70 y
194 Medicare costs: Medicare costs: 21 287, None 5 $34 188-$86 614 for
21287, local; local; 30 714, screening age 65-75y
30 714, regional; regional; 30 714,
30 714, distant; distant; 63 455,
63 455, terminal terminal care
care
108-138 451 Kaiser HMO costs: None in base case; tested 3 $87 887 for age 70-79 y
31 258, ductal range in sensitivity vs. stopping at 69 y
carcinoma in situ; analysis
45 220
146 NA NA None in base case; tested None Varies by age and health

range in sensitivity
analysis: local, 0.9;
regional, 0.8; distant, 0.5;
short-term false-positive
result, 0.10

group

favorable for older women compared with younger
women. Kerlikowske and colleagues (27) explicitly tested
the effects of increasing the discount rate from 0% to 15%
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(that is, increasing the preference for present vs. future
years). They found that, among women valuing the present
versus the future to the greatest degree (discount rate,
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15%), nearly 1000 women 69 to 79 years of age would
need to be screened to extend life by 1 year per woman. If
women valued the future and the present equally (discount
rate, 0%), then only 146 women would need to be
screened to extend life by 1 year per woman (27). Beyond
time preferences, at the lower ranges of life expectancy, the
harms of screening outweigh the benefits for women with a
life expectancy of less than 5 years (for example, women
=85 years of age with heart failure) (32). Other parameters
had less effect on results.

Discussion

The results of this review on cost-effectiveness litera-
ture are intended to help make clinical and policy guideline
decisions on the optimal use of breast cancer screening for
older women. Our review suggests that, over a range of
assumptions, it remains cost-effective to screen older
women for breast cancer every 2 years according to current
medical spending. For instance, the incremental costs of
$34 000 to $88 000 per life-year saved for screening be-
yond age 65 years compared with stopping at age 65 years
are roughly similar to the costs of $16 000 to $72 000
(1992 U.S. dollars) per life-year saved associated with
monotherapy of mild to moderate hypertension in noneld-
erly populations (24, 32). However, screening becomes
more costly and harms begin to outweigh benefits in the
sickest women, such as those with dementia or other co-
morbid conditions that limit life expectancy to that seen at
approximately age 85 years (that is, about 5 years). In ad-
dition, screening is cost-effective if the biology of disease is
similar to that seen in younger women (that is, if breast
cancer is not a more benign disease in older women).

Screening may have a secondary benefit of detecting
tumors at early stages to allow less risky operative proce-
dures (such as lumpectomy under local anesthesia com-
pared with mastectomy under general anesthesia) and
adjuvant therapies (such as tamoxifen vs. multidrug che-
motherapy). We know little about how older women ap-
proach decisions about treatment. Of interest, in studies of
older women, women’s preferences about postoperative
quality of life affected their choice of initial breast cancer
treatment (37). In 1 study, older women with cancer de-
tected by screening were more likely to feel that they had a
greater choice of treatment (breast conservation vs. mastec-
tomy) than women with clinically detected cancer; older
women choose breast-sparing surgery more often than
mastectomy (38). Larger studies are needed to determine
whether having cancer detected by mammography actually
increases the proportion of older women undergoing breast
conservation versus mastectomy. Currently, there are insuf-
ficient data to estimate the potential benefit of breast can-
cer screening for women who would have received a clini-
cal diagnosis at a later date, when they would have fewer
treatment options. Additional data on preferences about
quality of life after treatment for ductal carcinoma in situ
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and invasive lesions are also needed before we conclude
that the benefits of screening outweigh the harms. New
adjuvant therapy, such as aromatase inhibitors, could also
change the overall cost-effectiveness of early detection and
treatment through their noncancer health effects (for ex-
ample, improving bone density and reducing deaths asso-
ciated with hip fractures).

Assumptions about disease biology have important im-
plications for devising optimal screening approaches for the
older population. For instance, if tumors grow more
slowly, with a preclinical detectable period of 6.2 years, as
modeled by Boer and colleagues (31), then screening inter-
vals might logically be extended from annual or biannual
to every 3 to 5 years. The decrease in the number of mam-
mography films (and evaluations for positive results) and
the maintenance of most of the benefits of screening would
result in more favorable cost-effectiveness ratios. If some
aggressive tumors have a short preclinical phase, then even
annual screening will have fewer benefits. It will be impor-
tant to collect more primary data on age-dependent disease
history before suggesting any changes in recommendations
about breast cancer screening intervals for older women.
For instance, age-stratified data on biomarker profiles, re-
currence, and survival for women with similar stage and
therapy might be used to draw inferences about key aspects
of disease history. Another example of useful data to assess
age-related differences in biology is comparisons of the size
of tumors in women with clinically detected cancer and
women with cancer detected by screening. Since directly
observing the course of untreated disease in different age
groups is impossible, indirect data can be used to estimate
tumor doubling times and fatality in simulation models.
Models are also useful to capture the wide range of indi-
vidual variability in tumor biology that occurs at all ages.

Many women with abnormal test results will not have
cancer (false-positive results). Elmore and colleagues (39)
estimated that 56% of women screened annually, begin-
ning at age 40 years, will be falsely identified as having
cancer and will need to undergo additional films or tests.
Although the positive predictive value of mammography
increases with age because of increasing incidence and im-
proved test performance, the benefits of continuing to
screen must be compared with potential distress related to
having a false-positive screening result.

Some potential limitations in the studies we reviewed
should be considered in interpreting our results. All but 2
analyses (27, 32) examined cost per life-year gained and
did not account for differences in quality of life associated
with screening, surveillance, or treatment for cancer. No
study specifically examined incremental results for screen-
ing women after age 80 years. Almost all studies included a
discount rate of 3% to 5% to reflect the fact that future
savings are generally valued less than present savings. How-
ever, if, as suggested by Kerlikowske and colleagues (27),
older women value future years less than the average (that
is, have a higher discount rate, such as 10%), then it will be
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less cost-effective to extend screening beyond age 69 years.
Clinicians could assess patients’ individual discount rates
by exploring preferences for future versus current years of
life. Development of practical tools to aid providers in elic-
iting time preferences is an important area for future pri-
mary care geriatrics research.

Differences in model structure, assumptions about
mammography effectiveness, data inputs for key parame-
ters, and evaluated regimens limited our ability to defini-
tively conclude the most effective and cost-effective age to
stop screening older women. It is difficult to evaluate from
the data presented in each report whether differences in the
results related mainly to differences in the parameters used
or diversity in the model structures. For instance, several
reports assumed a fixed mortality reduction with mam-
mography screening on the basis of earlier clinical trials.
However, some studies drew divergent conclusions about
the effect of screening on observed population mortality
trends (40, 41), while other studies modeled assumptions
about benefit from data on actual differences in distribu-
tions of stage and other parameters before and after the
advent of regular screening practices in the population.
These observational estimates may be more robust than
those based on specific effectiveness assumptions from clin-
ical trial settings, especially since older women were under-
represented in the trials (21).

We also only considered strategies that assumed regu-
lar use of mammography. As our understanding of disease
biology progresses, more complex strategies, including
strategies that triage women at some age (for example, at
65 or 70 years of age), on the basis of specific disease risk
markers, genetic mutations, or disease-specific or health
status—specific life expectancy, may yield more specific
guidance for clinicians and policymakers. The latter guide-
lines would be most useful if accompanied by tools to
rapidly estimate life expectancy on the basis of age and
comorbid conditions. New technologies, if more sensitive
than mammography and of similar or lower cost, may also
be useful in older women. No trial we identified studied
the value of clinical breast examination. A long preclinical
detectable period for less virulent disease could make this
method a cost-effective alternative to radiologic imaging.

Uncertainty about how different model features are
applied also potentially limits the ability to draw conclu-
sions from this review. It would help guide screening pol-
icy if investigators participated in a validation exercise to
compare intermediate and long-term model outcomes by
using a common set of variables for a common set of strat-
egies. This would allow assessment of whether conclusions
are robust or depended on model structure and assump-
tions. The consistent finding that screening after age 65
years reduces mortality from breast cancer at reasonable
costs supports the general conclusion that screening should
continue, especially if a woman is in good health. These
findings are consistent with those of large population-based
studies showing mortality reduction or downstaging bene-
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fits in women older than 75 years of age (42—44), even
those with moderate comorbid conditions (45), and with
the summary of recommendations for the U.S. Preventive
Services Task Force (35). If the preclinical detectable phase
of breast cancer is longer in older women than in younger
women, a longer screening interval (longer than every 2
years) might be more cost-effective.

This review has important implications for future re-
search and policymaking. It supports the consensus view
among major policymaking bodies that breast cancer
screening is warranted for older women and that prefer-
ences for potential harms and benefits should be consid-
ered in screening decisions. Finally, it suggests that further
research is needed to understand the parallel natural histo-
ries of breast cancer and aging, the impact of knowledge of
a breast cancer diagnosis and receipt of treatment on qual-
ity of life, time preferences, and rates of adherence to
screening and treatment. These data are important to de-
fine optimal approaches to avoiding cancer morbidity and
maximizing active life expectancy in the older female pop-
ulation, which is growing.

From Georgetown University Medical Center, Lombardi Cancer Center,
Washington, DC; Oregon Health and Science University, Portland Vet-
erans Affairs Medical Center, Portland, Oregon; Merck & Co., Inc,,
West Point, Pennsylvania; University of North Carolina, Research Tri-
angle Institute, Research Triangle Park, North Carolina; Mount Sinai
School of Medicine, New York, New York; Agency for Healthcare Re-
search and Quality, Rockville, Maryland; and University of Rochester,
Rochester, New York.

Disclaimer: The authors are responsible for the contents of this review,
including any clinical recommendations. No statement in this article
should be construed as an official position from the Agency for Health-
care Research and Quality, U.S. Department of Health and Human
Services, or National Cancer Institute.

Acknowledgments: The authors acknowledge the support and assis-
tance of Kathryn Pyle Krages, AMLS, MA, of the Oregon Health and
Science University Evidence-based Practice Center, and Trina McClen-
don for manuscript preparation.

Grant Support: By contracts 290-97-0018 and 290-97-0011 from the
Agency for Healthcare Research and Quality and by grants
#U01CA88283 and #KO5 CA96940 from the National Cancer Insti-
tute (Dr. Mandelblatt). Dr. Saha is supported by a research career devel-
opment grant from the Health Services Research and Development Ser-
vice of the Department of Veterans Affairs.

Potential Financial Conflicts of Interest: None disclosed.

Requests for Single Reprints: Jeanne Mandelblact, MD, MPH, Lom-
bardi Cancer Center, 2233 Wisconsin Avenue, Suite 317, Washington,
DC 20007; e-mail, mandelbj@georgetown.edu.

Current author addresses are available at www.annals.org.

18 November 2003 | Annals of Internal Medicine | Volume 139 ® Number 10|841



REVIEW | Cost-Effectiveness of Screening Mammography beyond Age 65 Years

References

1. National Cancer Institute. Surveillance, Epidemiology, and End Results
(SEER) Program Public-Use Data (1973-1998). Bethesda, MD: National Cancer
Institute; 2002. Accessed at WWW.Seer.cancer.gov in October 2002.

2. Silverberg E, Boring CC, Squires TS. Cancer statistics, 1990. CA Cancer
J Clin. 1990;40:9-26. [PMID: 2104569]

3. Ershler WB, Longo DL. Aging and cancer: issues of basic and clinical science.
J Natl Cancer Inst. 1997;89:1489-97. [PMID: 9337345]

4. U.S. Census Bureau. Current Population Survey, July 2002. Washington,
DC: U.S. Census Bureau; 2002. Accessed at www.census.gov in October 2002.
5. Soldo BJ, Agree EM. America’s Elderly. Washington, DC: Population Refer-
ence Bureau; 1988.

6. Lash TL, Silliman RA. Re: prevalence of cancer [Letter]. ] Natl Cancer Inst.
1998;90:399-400. [PMID: 9498492]

7. Greenfield S, Blanco DM, Elashoff RM, Ganz PA. Patterns of care related to
age of breast cancer patients. JAMA. 1987;257:2766-70. [PMID: 3573271]

8. Caplan LS, Wells BL, Haynes S. Breast cancer screening among older racial/
ethnic minorities and whites: barriers to early detection. ] Gerontol. 1992;47 Spec
No:101-10. [PMID: 1430871]

9. Satariano WA, Ragland DR. The effect of comorbidity on 3-year survival of
women with primary breast cancer. Ann Intern Med. 1994;120:104-10. [PMID:
8256968]

10. Brown ML. Economic considerations in breast cancer screening of older
women. ] Gerontol. 1992;47 Spec No:51-8. [PMID: 1430883]

11. Kerlikowske K, Grady D, Barclay ], Sickles EA, Eaton A, Ernster V. Positive
predictive value of screening mammography by age and family history of breast
cancer. JAMA. 1993;270:2444-50. [PMID: 8230621]

12. Hutchison GB, Shapiro S. Lead time gained by diagnostic screening for
breast cancer. ] Natl Cancer Inst. 1968;41:665-81. [PMID: 5677315]

13. Duffy SW, Chen HH, Tabar L, Day NE. Estimation of mean sojourn time
in breast cancer screening using a Markov chain model of both entry to and exit
from the preclinical detectable phase. Stat Med. 1995;14:1531-43. [PMID:
7481190]

14. Gapstur SM, Dupuis J, Gann P, Collila S, Winchester DP. Hormone
receptor status of breast tumors in black, Hispanic, and non-Hispanic white
women. An analysis of 13,239 cases. Cancer. 1996;77:1465-71. [PMID: 8608530]
15. Elledge RM, Clark GM, Chamness GC, Osborne CK. Tumor biologic
factors and breast cancer prognosis among white, Hispanic, and black women in
the United States. ] Natl Cancer Inst. 1994;86:705-12. [PMID: 7908990]

16. Ershler WB, Balducci L. Treatment considerations for older patients with
cancer. In Vivo. 1994;8:737-44. [PMID: 7727721]

17. Lyman GH, Lyman S, Balducci L, Kuderer N, Reintgen D, Cox C, et al.
Age and the Risk of Breast Cancer Recurrence. Cancer Control. 1996;3:421-427.
[PMID: 10764500]

18. Extermann M, Balducci L, Lyman GH. What threshold for adjuvant ther-
apy in older breast cancer patients? ] Clin Oncol. 2000;18:1709-17. [PMID:
10764431]

19. Russell LB, Siegel JE, Daniels N, Gold MR, Luce BR, Mandelblatt JS.
Cost-effectiveness analysis as a guide to resource allocation in health: roles and
limitations. In: Gold MR, Siegel JE, Russell LB, Weinstein MC, eds. Cost-
Effectiveness in Health and Medicine. New York: Oxford Univ Pr; 1996:3-24.
20. Teutsch SM, Murray JF. Dissecting cost-effectiveness analysis for preventive
interventions: a guide for decision makers. Am ] Manag Care. 1999;5:301-5.
[PMID: 10351026]

21. Mandelblatt JS, Fryback DG, Weinstein MC, Russell LB, Gold MR. As-
sessing the effectiveness of health interventions for cost-effectiveness analysis.
Panel on Cost-Effectiveness in Health and Medicine. ] Gen Intern Med. 1997;
12:551-8. [PMID: 9294789]

22. de Koning HJ, van Ineveld BM, van Oortmarssen GJ, de Haes JC, Collette
HJ, Hendriks JH, et al. Breast cancer screening and cost-effectiveness; policy
alternatives, quality of life considerations and the possible impact of uncertain
factors. Int ] Cancer. 1991;49:531-7. [PMID: 1917154]

23. van der Maas PJ, de Koning HJ, van Ineveld BM, van Oortmarssen GJ,
Habbema JD, Lubbe KT, et al. The cost-effectiveness of breast cancer screening.
Int J Cancer. 1989;43:1055-60. [PMID: 2499553]

24. Desch CE, Hillner BE, Smith TJ, Retchin SM. Should the elderly receive

84218 November 2003 | Annals of Internal Medicine | Volume 139 ® Number 10

chemotherapy for node-negative breast cancer? A cost-effectiveness analysis exam-
ining total and active life-expectancy outcomes. J Clin Oncol. 1993;11:777-82.
[PMID: 8478671]

25. Lindfors KK, Rosenquist CJ. The cost-effectiveness of mammographic
screening strategies. JAMA. 1995;274:881-4. [PMID: 7674501]

26. Eddy DM. Screening for breast cancer. Ann Intern Med. 1989;111:389-99.
[PMID: 2504094]

27. Kerlikowske K, Salzmann P, Phillips KA, Cauley JA, Cummings SR. Con-
tinuing screening mammography in women aged 70 to 79 years: impact on life
expectancy and cost-effectiveness. JAMA. 1999;282:2156-63. [PMID: 10591338]
28. Saha S, Hoerger TJ, Pignone MP, Teutsch SM, Helfand M, Mandelblatt
JS, et al. The art and science of incorporating cost effectiveness into evidence-
based recommendations for clinical preventive services. Am J Prev Med. 2001;
20:36-43. [PMID: 11306230]

29. Bureau of Labor Statistics. Accessed at www.bls.gov in October 2002.

30. Messecar DC. Mammography screening for older women with and without
cognitive impairment. ] Gerontol Nurs. 2000;26:14-24; quiz 52-3. [PMID:
11272962]

31. Boer R, de Koning H, Threlfall A, Warmerdam P, Street A, Friedman E, et
al. Cost effectiveness of shortening screening interval or extending age range of
NHS breast screening programme: computer simulation study. BMJ. 1998;317:
376-9. [PMID: 9694752]

32. Mandelblatt JS, Wheat ME, Monane M, Moshief RD, Hollenberg JP,
Tang J. Breast cancer screening for elderly women with and without comorbid
conditions. A decision analysis model. Ann Intern Med. 1992;116:722-30.
[PMID: 1558343]

33. Boer R, de Koning HJ, van der Maas PJ. A longer breast carcinoma screen-
ing interval for women age older than 65 years? Cancer. 1999;86:1506-10.
[PMID: 10526279]

34. Rosenquist CJ, Lindfors KK. Screening mammography beginning at age 40
years: a reappraisal of cost-effectiveness. Cancer. 1998;82:2235-40. [PMID: 9610704]
35. U.S. Preventive Services Task Force. Breast Cancer-Screening: Summary of
Recommendations. Rockville, MD: Agency for Healthcare Research and Quality;
2002. Accessed at www.ahcpr.gov/clinic/uspstf/uspsbrca.htm in October 2002.
36. Breen N, Wesley MN, Merrill RM, Johnson K. The relationship of socio-
economic status and access to minimum expected therapy among female breast
cancer patients in the National Cancer Institute Black-White Cancer Survival
Study. Ethn Dis. 1999;9:111-25. [PMID: 10355480]

37. Mandelblatt JS, Hadley J, Kerner JF, Schulman KA, Gold K, Dunmore-
Griffith ], et al. Patterns of breast carcinoma treatment in older women: patient
preference and clinical and physical influences. Cancer. 2000;89:561-73. [PMID:
10931455

38. Kerner JF, Mandelblatt ]S, Silliman RA, Lynch JJ, Senie R, Cohen C, et al.
Screening mammography and breast cancer treatment patterns in older women.
Breast Cancer Res Treat. 2001;69:81-91. [PMID: 11759831]

39. Elmore ]G, Barton MB, Moceri VM, Polk S, Arena PJ, Fletcher SW.
Ten-year risk of false positive screening mammograms and clinical breast exami-
nations. N Engl ] Med. 1998;338:1089-96. [PMID: 9545356]

40. Feuer EJ, Wun LM. How much of the recent rise in breast cancer incidence
can be explained by increases in mammography utilization? A dynamic popula-
tion model approach. Am J Epidemiol. 1992;136:1423-36. [PMID: 1288272]
41. Gotzsche PC, Olsen O. Is screening for breast cancer with mammography
justifiable? Lancet. 2000;355:129-34. [PMID: 10675181]

42. Smith-Bindman R, Kerlikowske K, Gebretsadik T, Newman J. Is screening
mammography effective in elderly women? Am J Med. 2000;108:112-9. [PMID:
11126304]

43. McCarthy EP, Burns RB, Freund KM, Ash AS, Shwartz M, Marwill SL, et
al. Mammography use, breast cancer stage at diagnosis, and survival among older
women. ] Am Geriatr Soc. 2000;48:1226-33. [PMID: 11037009]

44. Randolph WM, Goodwin JS, Mahnken JD, Freeman JL. Regular mam-
mography use is associated with elimination of age-related disparities in size and
stage of breast cancer at diagnosis. Ann Intern Med. 2002;137:783-90. [PMID:
12435214]

45. McPherson CP, Swenson KK, Lee MW. The effects of mammographic
detection and comorbidity on the survival of older women with breast cancer.

J Am Geriatr Soc. 2002;50:1061-8. [PMID: 12110066]

www.annals.org



Current Author Addresses: Dr. Mandelblatt: Lombardi Cancer Center,
2233 Wisconsin Avenue, Suite 317, Washington, DC 20007.

Dr. Saha: Portland Veterans Affairs Medical Center, 3710 SW U.S.
Veterans Hospital Road, Portland, OR 97239.

Dr. Teutsch: Merck & Co., PO Box 4, WP39-168, West Point, PA
19486-0004.

Dr. Hoerger: Research Triangle Institute, 3040 Cornwallis Road, Re-
search Triangle Park, NC 27709.

www.annals.org

Dr. Siu: Mount Sinai School of Medicine, 1 Gustave L. Levey Place, Box
1070, New York, NY 10029.

Dr. Atkins: Agency for Healthcare Research and Quality, 540 Gaither
Road, 6th Floor, Rockville, MD 20850.

Dr. Klein: University of Rochester, 601 Elmwood, #69, Rochester, NY
14642.

Dr. Helfand: Portland Veterans Affairs Medical Center, 3181 SW Sam
Jackson Park Road, Portland, OR 97201.

Annals of Internal Medicine | Volume ¢ Number |E-843



