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In randomized controlled trials, screening mammography
has been shown to reduce mortality from breast cancer
about 25% to 30% among women aged 50 to 69 years after
only five to six years from the initiation of screening. Among
women aged 40 to 49 years, trials have reported no reduction
in breast cancer mortality after seven to nine years from the
initiation of screening; after 10 to 14 years there is a 16%
reduction in breast cancer mortality. Given that the inci-
dence of breast cancer for women aged 40 to 49 years is
lower and the potential benefit from mammography screen-
ing smaller and delayed, the absolute number of deaths pre-
vented by screening women aged 40 to 49 years is much less
than in screening women aged 50 to 69 years. Because the
absolute benefit of screening women aged 40 to 49 years is
small and there is concern that the harms are substantial, the
focus should be to help these women make informed deci-
sions about screening mammography by educating them of
their true risk of breast cancer and the potential benefits and
risks of screening. [Monogr Natl Cancer Inst 1997;22:79–86]

Most experts agree that women aged 50 to 69 years should
undergo screening mammography, since randomized controlled
trials have shown screening mammography to reduce breast can-
cer mortality (1,2) and to be relatively cost-effective (3,4) for
women in this age group. Whether or not recommendations
should be extended to include screening starting at age 40 years
remains controversial (5–9). This controversy stems from dif-
ferences in interpretation of evidence and type of evidence used
to evaluate whether screening mammography is efficacious.

Rationale for Using Evidence from Randomized
Controlled Trials to Evaluate the Efficacy of
Screening Mammography

In evaluating the controversy concerning routine screening
mammography for women aged 40 to 49 years, it is important to
remember that the goal of screening is to reduce the likelihood
of death from breast cancer in a person who has the disease.
Randomized controlled trials are the most unbiased means of
assessing whether a screening test reduces the likelihood of
death in a person who has the disease, and, for this reason, they
are considered the gold standard when evaluating the efficacy of
screening tests. In the randomized controlled trials of screening

mammography, participants were randomly assigned to a
screened or nonscreened (control) group to ensure that the
screened and nonscreened groups were as alike as possible, so
that any differences in outcome that were noted at the end of the
trial could be ascribed to screening. In comparison, screening
mammography programs and case series, which have no com-
parison group, are considered uncontrolled intervention studies
and hence unsuitable for determining whether mammography
decreases breast cancer mortality.

The debate concerning screening mammography among
women aged 40 to 49 years has been perpetuated by reports from
screening programs and case series claiming improved survival
among younger women after initial breast cancer detection by
mammography (10–13). Survival statistics favor screening since
extra time is added to the interval between breast cancer detec-
tion and date of death by the fact that the diagnosis was made
early. However, this lead-time in diagnosis may not affect date
of death. For example, a 43-year-old woman may have breast
cancer detected by mammography and a 45-year-old woman by
finding a breast lump. If both women die of breast cancer at the
age of 55, the former will have survived 12 years after the breast
cancer detection and the latter 10 years. Although the 43-year-
old woman lived an additional two years with breast cancer,
having her breast cancer detected by screening mammography
did not alter her life expectancy compared with the 45-year-old
woman since both lived to be age 55. Thus, if survival statistics,
rather than breast cancer mortality, are used as an endpoint to
evaluate the benefits of mammography screening, it will appear
as if screening is beneficial since the results will be unadjusted
for time to diagnosis (i.e. lead-time bias).

Detection rates of early-stage cancer are also an inadequate
measure of whether screening mammography decreases breast
cancer mortality, since most cancers detected by mammography
are primarily slow growing. If detection rates of early cancers
are used as a surrogate endpoint for breast cancer mortality, it
will appear as if screening is beneficial, since the results will be
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unadjusted for rate of disease progression (length bias). Breast
cancer is a heterogeneous disease, with some tumors growing
relatively quickly, others so slowly that they may never cause
breast symptoms, and yet others occurring somewhere in be-
tween. Within a year, fast-growing breast cancers may grow
from undetectably small to large enough to cause symptoms, so
that even annual screening may not detect the cancer—that is, it
would be too small to detect by mammography on the first test
and would already have become apparent before the next sched-
uled test. In addition, fast-growing tumors missed by screening
are more likely to shorten a woman’s’ life substantially. Slow-
growing breast cancers are more likely to be detected by screen-
ing mammography because they exist longer in an asymptomatic
state. These slow-growing ones may have little or no impact on
life expectancy. In addition, some small tumors detected by
mammography metastasize early resulting in advanced stage
disease at initial diagnosis (14). In this case, early detection may
not be beneficial, even though the breast tumor was detected
when it was relatively small.

If we knew the natural history of the various types of breast
cancer, as well as their frequency and the length of time each
existed in various growth states according to decade of age, it
might be possible to correct for length and lead-time biases that
are inherent in results from screening programs and case series.
However, since this is not the case, only randomized controlled
trials can provide an accurate picture of whether screening mam-
mography and the treatment that follows decrease breast cancer
mortality.

Results from Meta-Analyses of Randomized
Controlled Trials

Meta-analysis is a quantitative approach for systematically
combining results of previous research to arrive at conclu-
sions about a body of research (15,16). Meta-analyses provide a
more stable estimate of the effect of an intervention and put
any one trial result into perspective by examining all similar
trials.

There have been several meta-analyses published that com-
bine data from randomized controlled trials in order to quantify
the overall impact of screening mammography on breast cancer
mortality (1,17–19). One of the earliest meta-analysis by El-
wood et al., used the fixed-effects Mantel-Haenszel statistical
method to pool published data from six randomized controlled
trials of screening mammography and found no reduction in
breast cancer mortality in women aged 40 to 49 years seven
years after the initiation of screening (17). A more recent meta-
analysis combined data from eight randomized controlled
screening mammography trials and found similar results (1).
Four of the eight trials reported a nonsignificant increase in
breast cancer mortality, whereas four reported a nonsignificant
decrease, indicating a lack of statistically significant benefit or
harm from screening mammography (Fig. 1). When data from
the eight studies were combined using statistical methods de-
scribed by Greenland (20) based on the assumption of fixed
effects, the overall summary estimate showed a nonsignificant
+2% (95% CI: −18% to +27%) increase in breast cancer mor-
tality seven to nine years after the initiation of screening (Fig. 1).

A separate meta-analysis, using a random-effects statistical
method, combined results from the same eight randomized con-
trolled trials and showed similar results with a nonsignificant
breast cancer mortality reduction of −5% (95% CI: −23% to
+18%) (18). Adjustment for cluster randomization in the Edin-
burgh trial and the Swedish Two-County trial did not affect the
results (18). Importantly, despite the diverse study populations
and interventions of the various screening mammography trials,
the combined meta-analytic results of the eight randomized con-
trolled trials were found to be homogeneous, indicating little
variability of results between the individual trials (1,17,18).
Taken together, the results from the three meta-analyses of the
randomized controlled trials are consistent and indicate whether
women aged 40 to 49 years underwent routine screening mam-
mography or not, the risk of death from breast cancer was the
same for the first seven to nine years after initiating screening.

One meta-analysis of data from randomized controlled trials
has taken into account the various lengths of follow-up time after
the initiation of screening (1). Combining trials with similar
lengths of follow-up time is important, since trials with longer
follow-up will have more breast cancer events and will be dis-
proportionately weighted in meta-analyses, thus skewing results
in favor of these trials. When published data for women aged 40
to 49 years reported from trials with at least 10 to 12 years of
follow-up were examined, four of five studies had a relative risk
estimate to the left of one, indicating a reduction in breast cancer
mortality; however, all of the confidence intervals overlapped
one (Fig. 2). When the five studies were combined using meta-
analytic techniques (20), overall there was a trend toward a
reduction in breast cancer mortality with an overall non-
significant reduction of approximately −17% (95% CI; –35% to
+6%) (1). Pooled data from the five Swedish trials (Fig. 3A), as
well as results from the Health Insurance Plan (HIP) trial, also
suggest an emerging benefit from screening mammography in
younger women that does not occur for at least 9 to 10 years
from the initiation of screening (21–24). If updated, unpublished
results from the Gothenburg (25), Stockholm (26), Canadian
(27), Malmö I and II (28,29), and Edinburgh trials (28,30) are
combined with published results from the Kopparberg and O¨ s-

Fig. 1. Reduction in breast cancer mortality in women aged 40 to 49 years after
seven to nine years of follow-up from the initiation of screening mammography
among randomized controlled trials (adapted from reference (1)).
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tergötland (21) and HIP trials (23) (Table 1) using the fixed-
effects statistical method described by Greenland (20), the
summary relative risk estimate shows a statistically significant
−16% (95% CI; −29% to −1%) reduction in breast cancer mor-
tality, similar in magnitude to an earlier report (1), 10 to 14 years
after the initiation of screening (Fig. 4). Of note, a test for
heterogeneity between study results was not significant (X2 het-
erogeneity;P 4 0.4), indicating that there was no statistically
significant difference between the results of the individual stud-
ies.

One meta-analysis by C. R. Smartet al. (19), found contrast-
ing results from other published overview analyses (1,17,18).
Smart and colleagues reported a 24% reduction in breast cancer
mortality among women aged 40 to 49 years who underwent
screening mammography. Smart’s’ meta-analysis varied from
other published meta-analyses because results were combined
from studies with a wider range of follow-up times (7 to 18
years), unpublished data from the Gothenburg trial were in-
cluded (28), and results from the Canadian National Breast
Screening Study (31) were excluded. As demonstrated above,
not stratifying results by length of time from initiation of screen-
ing disguises the fact that if screening mammography is effec-
tive in women aged 40 to 49 years, its effectiveness only appears
10 years after the initiation of screening (Fig. 3A). Meta-analysts
are encouraged to consider unpublished data to avoid publica-
tion bias, but the drawback to that is, since the findings have not
been peer reviewed, they may contain errors and inconsistencies.
For example, it is puzzling that the Gothenburg trial, whose
study methods have never been published, is the only random-
ized controlled trial that shows a greater benefit for screening
women in their forties than for screening women aged 50 and
older (1). Smart omitted the Canadian National Breast Screening
Study (31) from his meta-analysis, claiming that, since the study
population consisted of volunteers rather than being population-
based, it should not be combined with the other trials (19). This
seems to be a relatively weak criterion for study exclusion, since
it is not obvious that having volunteers as study participants
would make it more or less difficult to find a reduction in breast
cancer mortality among screened women.

In order to minimize selection bias in performing a meta-
analysis, it is important that all similar trials are combined. Each
of the randomized controlled trials listed in Table 1 is slightly
different and could be excluded from a meta-analysis of ran-
domized controlled trials of screening mammography for some
aspect of its study design or intervention: some trials, for in-
stance, used one-view mammography instead of two-view
mammography, which is considered optimal for women aged 40
to 49 years; others used biennial rather than annual screening,
also considered optimal for women aged 40 to 49 years; and
others combined clinical breast exam with mammography, mak-
ing it difficult to assess the independent contribution of mam-
mography. Despite these differences, the confidence intervals
for all of these studies overlap each other (Fig. 4), indicating the
results from these studies are not greatly dissimilar and can be
combined to summarize the results. Thus, it is not methodologi-
cally appropriate to selectively omit any one trial, and doing so
may introduce selection bias into the results. If adjustment for
length of follow-up, data inconsistencies (32) and selective study
exclusions are taken into account, Smart’s’ results are similar to
those previously published (1).

Fig. 2. Reduction in breast cancer mortality in women aged 40 to 49 years after
10 to 12 years of follow-up from the initiation of screening mammography
among randomized controlled trials (adapted from reference (1)).

Fig. 3. Cumulative breast cancer mortality in screened and nonscreened women
aged 40 to 49 years(A) [adapted from reference (22)] and women aged 50 to 69
years(B) [adapted from reference (24)]. ● 4 screened,V 4 nonscreened.
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Are Data from Randomized Controlled
Trials Conclusive?

Some have argued that it is inappropriate to use meta-analytic
techniques to pool data to evaluate the efficacy of screening
mammography among women aged 40 to 49 years; that such
subgroup analyses are inappropriate when initial screening trials
were designed for women aged 40 to 74 years (9). However, this
is exactly the purpose of a meta-analysis: to combine data from
several trials to obtain a more stable estimate of the effect of an
intervention when there are insufficient numbers of subjects in
any one trial to yield a meaningful conclusion (15,16). If sub-
group analyses by age at initiation of screening are to be dis-
counted, then consideration must be given only to the sole ran-
domized trial specifically designed to address the efficacy of
screening mammography in women aged 40 to 49 years, and
this trial has yet to show a reduction in breast cancer mortality
among screened women (27,31).

Others have argued that the randomized controlled trials of
screening are methodologically flawed and should not be used to
conclude that mammography is not beneficial for women aged
40 to 49 years. Yet, results from these same trials are used to
support mammography screening among women aged 50 to 69

years. A meta-analysis (1) of data in women aged 50 and older
from eight randomized controlled screening mammography
studies demonstrated an overall significant 27% (95% CI: −37%
to −6%) reduction in breast cancer mortality after seven to nine
years from the initiation of screening (Fig. 5). Of note, despite
differences in types of randomization (cluster, individual), in-
terventions (screening intervals from 12 to 33 months, single-
view or two-view mammography, screening with or without
clinical breast examination), and study populations, screening
mammography trials have consistently demonstrated a reduction
in breast cancer mortality among screened women aged 50 to 69
years.

Screening mammography trials are also criticized for using
obsolete technology, implying that modern mammography has
an increased ability to detect breast cancer in younger women.
Several published studies, however, show that the sensitivity of
modern mammography, in particular its sensitivity to detect in-
vasive cancer, is still lower for women less than age 50 than for
women aged 50 and older, despite improvements in technology
(33–38). Still others have argued that screening would be effec-
tive in younger women if the interval between each mammo-
graphic examination were one year rather than two years (39).
Only two trials have screened women aged 40 to 49 years an-

Fig. 4.Updated results of reduction in breast cancer mortality in women aged 40
to 49 years after 10 to 14 years of follow-up from the initiation of screening
mammography using published and unpublished results from randomized con-
trolled trials.

Fig. 5. Reduction in breast cancer mortality in women aged 50 to 74 years after
seven to nine years of follow-up from the initiation of screening mammography
among randomized controlled trials (adapted from reference (1)).

Table 1. Randomized controlled trials included in updated meta-analysis for women aged 40 to 49 years

Study (ref)
Start
date

Ages
(yr.)*

Screening
interval (mo.)

# of
mammographic views

Annual clinical
breast exam

Duration of
follow-up (yr.)

Relative risk
(95% CI)

Gothenburg (25) 1983 39–49 18 2 no 12 0.56† (0.32–0.98)
Stockholm (26) 1981 40–49 24–28‡ 1 no 11.4 1.08† (0.54–2.17)
HIP (23) 1963 40–49 12 2 yes 10 0.77 (0.50–1.16)
Canadian (27) 1980 40–49 12 2 yes 10.5 1.14† (0.83–1.56)
Östergötland (21) 1977 40–49 24 1 no 13 1.02 (0.52–1.99)
Kopparberg (21) 1977 40–49 24 1 no 13 0.73 (0.37–1.41)
Malmö I (28) 1976 45–49 21 2 no 14 0.67† (0.35–1.27)
Malmö II (29) 1978 45–48 21 2 no 12 0.69† (0.44–1.09)
Edinburgh (28,30) 1978–82§ 45–49 24 2¶ yes 10–14 0.73† (0.43–1.25)

*Age range of participants at start of mammography screening.
†Data presented but unpublished in peer-reviewed journal.
‡First round 28 months after baseline exam, second round 24 months after first round.
§Initial randomization 1978; additional women aged 45–49 years randomized starting in 1982.
¶First round, two-view mammography; subsequent rounds, one-view mammography.
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nually (23,31), and there was variability in their findings. The
HIP trial showed a nonsignificant reduction in breast cancer
mortality among women in the group eligible for screening nine
years after the initiation of screening, whereas the Canadian trial
found a nonsignificant increase seven years after the initiation of
screening. Among women aged 50 and older, whether they are
screened annually or biennially, the reduction in breast cancer
mortality is the same—that is, more frequent screening does not
result in more deaths prevented (1). Therefore, given the differ-
ences in tumor biology among younger women, it is optimistic
to think that more frequent screening in younger women will
necessarily result in the same benefit that is evident in older
women. Screening more frequently than every two years will,
however, increase the number of unnecessary diagnostic evalu-
ations, the detection of cancers of low malignant potential, and
the cost of screening (33).

Lastly, proponents of screening mammography contend that
randomized controlled trials have enrolled too few women to
demonstrate a statistically significant benefit from screening
mammography among younger women. If the explanation was
merely lack of statistical power, and the efficacy of screening
mammography in younger women was similar to that in older
women, then a reduction in breast cancer mortality should begin
to appear after four to five years from the initiation of screening,
as in women aged 50 to 69 years (Fig. 3B), and should become
statistically significant with longer follow-up, that is, the per-
centage reduction in breast cancer mortality observed at seven to
nine years from the initiation of screening among women aged
40 to 49 years should be similar to that reported at 10 to 12
years, but with wider confidence intervals around the point es-
timate. This does not appear to be the case, since the data do not
show a gradual separation of the mortality curves between
screened and nonscreened groups (Fig. 3A). In fact, the data
show slightly higher breast cancer mortality among screened
women the first 10 years after the initiation of screening. Argu-
ing that too few women have been enrolled to demonstrate a
statistically significant benefit from screening mammography
underscores that breast cancer is not as common in younger
women as in older women and that mammography is not as
effective in reducing breast cancer mortality in younger women.

In summary, the evidence from pooled results of randomized
controlled trials may be interpreted in one of two ways: First,
results from meta-analyses provide evidence, even if with low
power, that screening younger women provides no benefit the
first seven to nine years from the initiation of screening; how-
ever, a trend toward reduced mortality emerges after 10 years
that appears to be smaller than that observed in older women; or
second, results from meta-analyses are collectively inadequate,
since these analyses are based on retrospective subgroup analy-
sis. In either case, the scientific evidence to support mass mam-
mography screening for women aged 40 to 49 years is not com-
pelling.

Why Is the Benefit Among Younger Women
Delayed?

Although pooled results of large randomized controlled trials
failed to demonstrate any benefit in women aged 40 to 49 years
after seven to nine years of screening (1,17–18), some have

argued that the trend toward a reduction in breast cancer mor-
tality that begins after 10 years of screening should not be ig-
nored (5). It is unclear why any potential benefit from screening
mammography in women aged 40 to 49 years should be delayed
a decade. It could be that some of the breast cancers detected
among women who start screening at ages 40 to 49 years are
actually detected at or after age 50, when mammography is
known to be efficacious. The HIP trial has published screening
results by age at detection, and it found that 85% of breast
cancers in women who started screening between ages 40 and 49
were diagnosed between ages 45 and 54. Almost all of the de-
crease in breast cancer mortality among women eligible for
screening aged 45 to 49 years at entry in the HIP trial occurred
in those who had breast cancer detected at ages 50 to 54 years
(40). Furthermore, the majority of women in the Edinburgh and
Malmö trials, which also showed no benefit seven to nine years
from the initiation of screening but a trend toward a delayed
benefit after 10 to 12 years (1,2), were also probably aged 50 or
older when their breast cancer was diagnosed, since the youngest
age of women at the start of screening was 45 years old. The
same rationale has been applied to the Swedish data, since
women who started screening at ages 40 to 49 years were offered
regular screening mammography with many actually being 50 or
older in the ensuing years. Computer modeling of the Swedish
breast cancer screening trial data has also suggested that some of
the observed decrease (about 30–40%) in breast cancer mortality
for women aged 40 to 49 years at trial entry may be attributable
to continued screening after women reach age 50 (41,42).

Why is mammography efficacious as early as four to five
years after the initiation of screening in older women? One
explanation is that, among women aged 50 and older, the sen-
sitivity of mammography to detect invasive cancer is relatively
high, resulting in few undetected cancers. This relatively high
sensitivity is probably due to two factors: a greater proportion of
older women tend to have fatty breast density, which allows easy
detection of breast cancer; and tumor growth rates are not as
rapid as in younger women, allowing sufficient time for detec-
tion of small tumors (33,43). Thus, among women aged 50 and
older, mammography detects the majority of tumors and detects
them when they are more curable than if they were detected
clinically. In contrast, the sensitivity of screening mammogra-
phy to detect invasive breast cancer is lower among women aged
40 to 49 years compared to women aged 50 and older (75%
versus 93%) (33). Conventional thinking has been that this lower
sensitivity is due to younger women’s’ breasts being more ra-
diographically dense. However, only two studies have evaluated
the sensitivity of mammography according to radiographic
breast density, and both found that breast density did not influ-
ence the sensitivity of mammography in women less than 50
years of age (21,33). An alternative explanation is that a greater
proportion of invasive breast cancers are aggressive in younger
women and therefore grow more rapidly, resulting in more in-
terval cancers between regular screening examinations. This
theory is supported by the observation that the sensitivity of
screening mammography decreases with increasing tumor size.
That is, tumors that are not detected by mammography are larger
at clinical presentation than tumors that are mammographically
detected. A lower sensitivity for detecting large tumors is more
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marked in younger than in older women, suggesting that tumors
not detected by mammography in these younger women are
especially rapid growing (33). This is further supported by the
finding that the sensitivity of mammography decreases rapidly
as the length of time between screenings increases (33,44), and
by the observation that, among women aged 40 to 49 years, a
greater proportion of small tumors detected by screening mam-
mography are associated with positive lymph nodes as compared
with older women (14,45). Consequently, among women aged
40 to 49 years, the proportion of slow-growing tumors with a
good clinical prognosis detected by screening mammography is
probably small, which may account for both the marginal and
delayed benefit from screening observed in randomized con-
trolled screening mammography trials. Taken together, these
findings suggest that the tumor biology is different in younger
than in older women and that the small, delayed benefit observed
in the randomized controlled trials for women aged 40 to 49
years may be more of a reflection of the biology of the tumor
than of screening mammography.

If the delayed reduction in breast cancer mortality is primarily
due to detection of indolent tumors among younger women, such
as slow-growing invasive tumors or ductal carcinomain situ,
some of these slow-growing tumors could well be detected sat-
isfactorily at or after age 50 years, providing the same reduction
in risk of breast cancer deaths as if the tumors were detected in
their forties. If the delayed reduction in breast cancer mortality
is, in part, because some of the breast cancers detected among
women who start screening at ages 40 to 49 years are actually
detected at or after age 50, this is further evidence that starting
screening at age 50 is reasonable.

Absolute Benefit

Reporting the relative risk reduction in breast cancer mortality
among women undergoing screening mammography compared
to those who do not is not as clinically relevant as reporting the
absolute risk reduction due to screening. Reporting the relative
risk reduction between screened and nonscreened populations as
a percentage obscures differences in the incidence of disease
among populations. This is particularly important when the in-
cidence of disease events (e.g., breast cancer deaths) is low, as
is the case for women aged 40 to 49 years. The absolute risk
reduction or risk difference (difference in risk of dying of breast
cancer between screened and nonscreened women) takes into
account the underlying incidence of disease events and ex-
presses how much the risk of death from breast cancer is reduced
by screening. The reciprocal of the absolute risk reduction is the
number needed to screen to prevent one death (46). The number
needed to screen is a measure of clinical significance that allows
comparison between groups with differing underlying incidence
of disease events and quantifies the effort required by patient and
physician to prevent one death.

A Markov simulation model that takes into account compet-
ing causes of death has been used to determine the number
needed to screen to prevent one death if women are screened
biennially from ages 50 to 69 years, and the number needed to
screen to prevent one death if screening was extended to in-
cluded annual screening every one to two years for women ages
40 to 49 years (47). Assuming that mammography screening

among women who initiated screening at age 50 results in a 27%
(1) reduction in breast cancer mortality starting five years from
the initiation of screening, it has been estimated that 270 fifty-
year-old women would need to be screened biennially for 20
years to prevent one death. This means approximately 2,700
screening mammographic examinations would need to be per-
formed to prevent one death (47). Assuming that all of the de-
layed benefit in breast cancer mortality among women who ini-
tiated screening at age 40 results from detecting cancer before
age 50 and that the delayed reduction is at least 16% starting 10
years from the initiation of screening, it has been estimated that
2,500 forty-year-old women would have to be screened every
one to two years for 10 years to prevent one death (47). This
means between 12,500 and 25,000 screening mammographic
examinations would have to be performed to prevent one death.
The tenfold difference between younger and older women in the
number needed to screen to prevent one death is due to the lower
incidence of breast cancer among women aged 40 to 49 years,
the delay in benefit from screening and the lower relative risk
reduction in breast cancer mortality from screening mammog-
raphy. If the delayed reduction in breast cancer mortality was as
large as 27%, it would still require performing between 7,150
and 14,300 screening examinations on women aged 40 to 49
years to prevent one death (47). Therefore, even assuming an
optimistic reduction in breast cancer mortality from screening
mammography, the number needed to screen and the total num-
ber of mammographic examinations needed to prevent one death
is very large for women aged 40 to 49 years.

Conclusion

In summary, based on the results of meta-analyses, there is no
reduction in breast cancer mortality seven to nine years after the
initiation of screening among women aged 40 to 49 years who
undergo screening mammography. There appears to be a de-
layed reduction in breast cancer mortality 10 years after the
initiation of screening, and a proportion of this reduction is
benefiting women aged 50 to 59 years rather than women in their
forties. It is important to emphasize that if screening mammog-
raphy is effective in reducing breast cancer deaths among
women aged 40 to 49 years, the reduction in deaths does not
occur for at least a decade following the initiation of screening
and appears to be smaller than the reduction observed in women
aged 50 and older. Given that the incidence of breast cancer for
women aged 40 to 49 years is lower and the potential benefit
from mammography screening smaller and delayed, the absolute
number of deaths prevented by screening women in this age
group is likely to be much less than by screening women aged 50
and older.

Many people feel that it is acceptable to perform widespread
screening mammography in women aged 40 to 49 years despite
lack of compelling evidence of benefit, yet proven associated
risks (5,39,48–50). In the case of screening mammography,
these risks include additional diagnostic evaluations and the as-
sociated morbidity and anxiety, the potential for detecting and
surgically treating clinically insignificant breast lesions, and the
potential false reassurance resulting from having a normal ex-
amination (51). Before making a blanket recommendation to all
healthy women in an age group to have a screening test, the
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benefits of the intervention should be proven and should clearly
outweigh the risks (52–54). Because the absolute benefit of
screening mammography for women aged 40 to 49 years is small
and there is concern that the harms are substantial (55–58), the
focus should be to help these women make informed decisions
about screening mammography by educating them of their true
risk of breast cancer and the potential benefits and risks of
screening (59).

References

(1) Kerlikowske K, Grady D, Rubin SM, Sandrock C, Ernster VL. Efficacy of
screening mammography. A meta-analysis. JAMA 1995;273:149–54.

(2) Fletcher SW, Black W, Harris R, Rimer BK, Shapiro S. Report of the
International Workshop on Screening for Breast Cancer. J Natl Cancer Inst
1993;85:1644–56.

(3) Eddy DM. Screening for breast cancer. Ann Intern Med 1989;111:389–99.
(4) Kattlove H, Liberati A, Keeler E, Brook RH. Benefits and costs of screen-

ing and treatment for early breast cancer. Development of a basic benefit
package. JAMA 1995;273:142–8.

(5) Sickles EA, Kopans DB. Mammographic screening for women aged 40 to
49 years: the primary care practitioner’s’ dilemma. Ann Intern Med 1995;
122:534–8.

(6) Harris R, Leininger L. Clinical strategies for breast cancer screening:
weighing and using the evidence. Ann Intern Med 1995;122:539–47.

(7) Sox HC. Screening mammography in women younger than 50 years of age
[editorial]. Ann Intern Med 1995;122:550–2.

(8) Shapiro S. The call for change in breast cancer screening guidelines [edi-
torial]. Am J Public Health 1994;84:10–1.

(9) Sickles EA, Kopans DB. Deficiencies in the analysis of breast cancer
screening data [editorial]. J Natl Cancer Inst 1993;85:1621–4.

(10) Stacey-Clear A, McCarthy KA, Hall DA, Pile-Spellman E, White G, Hulka
C, et al. Breast cancer survival among women under age 50: is mammog-
raphy detrimental? Lancet 1992;340:991–4.

(11) Curpen BN, Sickles EA, Sollitto RA, Ominsky SH, Galvin HB, Frankel
SD. The comparative value of mammographic screening for women 40–49
years old versus women 50–64 years old. AJR Am J Roentgenol 1995;
164:1099–1103.

(12) Smart CR, Hartmann WH, Beahrs OH, Garfinkel L. Insights into breast
cancer screening of younger women. Evidence from the 14-year follow-up
of the Breast Cancer Detection Demonstration Project. Cancer 1993;72(4
Suppl):1449–56.

(13) Kopans DB. Efficacy of screening mammography for women in their for-
ties [letter]. J Natl Cancer Inst 1994;86:1721–2.

(14) Peer PG, Holland R, Hendriks JH, Mravunac M, Verbeek AL. Age-specific
effectiveness of the Nijmegen population-based breast cancer-screening
program: assessment of early indicators of screening effectiveness. J Natl
Cancer Inst 1994;86:436–41.

(15) Bulpitt CJ. Meta-analysis. Lancet 1988;2:93–94.
(16) Petitti DB. Meta-analysis, decision analysis, and cost-effectiveness analy-

sis. New York: Oxford University Press, 1994:15–20.
(17) Elwood JM, Cox B, Richardson AK. The effectiveness of breast cancer

screening by mammography in younger women [published errata appear in
Online J Curr Clin Trials 1993; Doc No. 34 and 1994; Doc No. 121].
Online J Curr Clin Trials 1993; Doc No. 32.

(18) Glasziou PP, Woodward AJ, Mahon CM. Mammographic screening trials
for women aged under 50. A quality assessment and meta-analysis. Med J
Aust 1995;162:625–9.

(19) Smart CR, Hendrick RE, Rutledge JH III, Smith RA. Benefit of mammog-
raphy screening in women ages 40 to 49 years current evidence from
randomized controlled trials [published erratum appears in Cancer 1995;
76:2788]. Cancer 1995;75:1619–26.

(20) Greenland S. Quantitative methods in the review of epidemiologic litera-
ture. Epidemiol Rev 1987;9:1–30.

(21) Tabar L, Fagerberg G, Chen HH, Duffy SW, Smart CR, Gad A, et al.
Efficacy of breast cancer screening by age. New results from the Swedish
Two-County Trial. Cancer 1995;75:2507–17.

(22) Nystrom L, Rutqvist LE, Wall S, Lindgren A, Lindqvist M, Ryden S, et al.
Breast cancer screening with mammography: overview of Swedish ran-
domized trials [published erratum appears in Lancet 1993;342:1372]. Lan-
cet 1993;341:973–8.

(23) Shapiro S. Periodic screening for breast cancer: the Health Insurance Plan
project and its sequelae, 1963–1986. Baltimore: Johns Hopkins University
Press, 1988.

(24) Tabar L, Fagerberg G, Duffy SW, Day NE, Gas A, Grontoft O. Update of

the Swedish two-county program of mammographic screening for breast
cancer. Radiol Clin North Am 1992;30:187–210.

(25) Bjurstam N, Bjornel L, Duffy SW. The Gothenburg breast screening trial:
Preliminary results on breast cancer mortality for women aged 39–49.
National Institutes of Health Consensus Development Conference: Breast
cancer screening for women ages 40–49. 1997 January 21–27; Bethesda
(MD). Monogr Natl Cancer Inst 1997;22:53–55.

(26) Frisell J, Lidbrink E. The Stockholm mammographic screening trial: risks
and benefits in age group 40–49 years. National Institutes of Health Con-
sensus Development Conference: Breast cancer screening for women ages
40–49. 1997 January 21–27; Bethesda (MD). Monogr Natl Cancer Inst
1997;22:49–51.

(27) Miller AB. The Canadian National Breast Screening Study: update on
breast cancer mortality. National Institutes of Health Consensus Develop-
ment Conference: Breast cancer screening for women ages 40–49. 1997
January 21–27; Bethesda (MD). Monogr Natl Cancer Inst 1997;22:37–41.

(28) Committee and Collaborators, Falun meeting. Report of the meeting on
mammographic screening for breast cancer in women aged 40–49, Falun,
Sweden, March 1996. Int J Cancer 1996;68:693–9.

(29) Andersson I. The Malmo mammographic screening trial: update on results
and a harm-benefit analysis. National Institute of Health Consensus De-
velopment Conference: Breast cancer screening for women ages 40–49.
1997 January 21–27; Bethesda (MD).

(30) Alexander FE. The Edinburgh randomized trial of breast cancer screening.
National Institutes of Health Consensus Development Conference: Breast
cancer screening for women ages 40–49. 1997 January 21–27; Bethesda
(MD). Monogr Natl Cancer Inst 1997;22:31–35.

(31) Miller AB, Baines CJ, To T, Wall C. Canadian National Breast Screening
Study: 1. Breast cancer detection and death rates among women aged 40 to
49 years. Can Med Assoc J 1992;147:1459–76.

(32) Kerlikowske K, Grady D, Ernster VL. Benefit of mammography screening
in women ages 40 to 49 years: current evidence from randomized con-
trolled trials. Cancer 1995;76:1679–80.

(33) Kerlikowske K, Grady D, Barclay J, Sickles EA, Ernster V. Effect of age,
breast density, and family history on the sensitivity of first screening mam-
mography. JAMA 1996;276:33–8.

(34) Bird RE. Low-cost screening mammography: report on finances and re-
view of 21,716 consecutive cases. Radiology 1989;171:87–90.

(35) Linver MN, Paster SB, Rosenberg RD, Key CR, Stidley CA, King WV.
Improvement in mammography interpretation skills in a community radi-
ology practice after dedicated teaching courses: 2-year medical audit of
38,633 cases [published erratum appears in Radiology 1992;184:878]. Ra-
diology 1992;184:39–43.

(36) Burhenne HJ, Burhenne LW, Goldberg F, Hislop TG, Worth AJ, Rebbeck
PM, et al. Interval breast cancers in the screening mammography program
of British Columbia: analysis and classification. AJR Am J Roentgenol
1994;162:1067–71.

(37) Robertson CL. A private breast imaging practice: medical audit of 25,788
screening and 1,077 diagnostic examinations. Radiology 1993;187:75–9.

(38) Sienko DG, Hahn RA, Mills EM, Yoon-DeLong V, Ciesielski CA, Willi-
amson GD, et al. Mammography use and outcomes in a community. The
Greater Lansing Area Mammography Study. Cancer 1993;71:1801–9.

(39) Feig SA. Strategies for improving sensitivity of screening mammography
for women aged 40 to 49 years [editorial]. JAMA 1996;276:73–4.

(40) Shapiro S, Venet W, Strax P, Venet L, Roeser R. Ten- to fourteen-year
effect of screening on breast cancer mortality. J Natl Cancer Inst 1982;69:
349–55.

(41) de Koning HJ, Boer R, Warmerdam, PG, Beemsterboer PM, van der Maas
PJ. Quantitative interpretation of age-specific mortality reductions from the
Swedish breast cancer-screening trials. J Natl Cancer Inst 1995;87:
1217–23.

(42) de Koning HJ, Boer R. Quantitative interpretation of age-specific mortality
reductions from trials by microsimulation. National Institutes of Health
Consensus Development Conference: Breast cancer screening for women
ages 40–49. 1997 January 21–27; Bethesda (MD).

(43) Moskowitz M. Breast cancer: age-specific growth rates and screening strat-
egies. Radiology 1986;161:37–41.

(44) Brekelmans CT, Collette HJ, Colette C, Fracheboud J, de Warrd F. Breast
cancer after a negative screen: follow-up of women participating in the
DOM screening programme. Eur J Cancer 1992;28A:893–5.

(45) Peer PG, Verbeek AL, Mravunac M, Hendriks JH, Holland R. Prognosis of
younger and older patients with early breast cancer. Br J Cancer 1996;73:
382–5.

(46) Rajkumar SV, Sampathkumar P, Gustafson AB. Number needed to treat is
a simple measure of treatment efficacy for clinicians. J Gen Intern Med
1996;11:357–9.

(47) Salzmann P, Kerlikowske K, Phillips K. Cost-effectiveness of extending

Journal of the National Cancer Institute Monographs No. 22, 1997 85

D
ow

nloaded from
 https://academ

ic.oup.com
/jncim

ono/article/1997/22/79/2952601 by guest on 21 August 2022



screening mammography programs to include women 40–49 years old. J
Gen Intern Med 1997;12:63.

(48) Kopans DB. Mammography screening and the controversy concerning
women aged 40 to 49. Radiol Clin North Am 1995;33:1273–90.

(49) Mettlin C, Smart CR. Breast cancer detection guidelines for women aged
40 to 49 years: rationale for the American Cancer Society reaffirmation of
recommendations. CA Cancer J Clin 1994;44:248–55.

(50) American College of Radiology. Policy Statement: Guidelines for Mam-
mography. Reston (VA): American College of Radiology, 1982.

(51) Kerlikowske K, Barclay J. Outcomes of modern screening mammography.
National Institutes of Health Consensus Development Conference: Breast
cancer screening for women ages 40–49. 1997 January 21–27; Bethesda
(MD). Monogr Natl Cancer Inst 1997;22:105–111.

(52) Eddy DM, editor. Common screening tests. Philadelphia: American Col-
lege of Physicians, 1991.

(53) U.S. Preventive Services Task Force. Guide to clinical preventive services
(2nd ed). Baltimore: Williams & Wilkins, 1996.

(54) Canadian Task Force on the Periodic Health Examination. The periodic
health examination: 2. 1985 update. Can Med Assoc J 1986;134:724–27.

(55) Kerlikowske K, Grady D, Barclay J, 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.

(56) Lerman C, Tock B, Rimer BK, Boyce A, Jepson C, Engstrom PF. Psycho-
logical and behavioral implications of abnormal mammograms. Ann Intern
Med 1991;114:657–61.

(57) Ernster VL, Barclay J, Kerlikowske K, Grady D, Henderson C. Incidence
of and treatment for ductal carcinoma in situ of the breast. JAMA 1996;
275:913–8.

(58) Gram IT, Lund E, Slenker SE. Quality of life following a false positive
mammogram. Br J Cancer 1990;62;1018–22.

(59) Pauker SG, Kassirer JP. Contentious screening decisions: does the choice
matter? [editorial]. N Engl J Med 1997336:1243–4.

Note
This work was supported by an NCI-funded Breast Cancer SPORE grant, P50

CA58207 and NCI-funded Breast Cancer Surveillance Consortium co-operative
agreement, 1 U01 CA 63740.

86 Journal of the National Cancer Institute Monographs No. 22, 1997

D
ow

nloaded from
 https://academ

ic.oup.com
/jncim

ono/article/1997/22/79/2952601 by guest on 21 August 2022


