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Abstract
Since the introduction of mammography screening, debates about the value of screening have endured
and been contentious. Recent reviews of the randomized controlled trials reach different conclusions about
the absolute benefit of screening, as do evaluations of population trends in breast cancer mortality and the
evaluations of service screening. Conclusions about the value of screening commonly are expressed in
terms of the balance of benefits and harms, which can differ greatly even when derived seemingly from
the same data. It can be shown when different estimates are adjusted to a common screening and follow-up
scenario, differences in balance sheet estimates diminish substantially. The strong evidence of benefit
associated with exposure to modern mammography screening suggests that it is time to move beyond
the randomized controlled trial estimates of benefit and consider policy decisions on the basis of benefits
and harms estimated from the evaluation of current screening programs. Cancer Epidemiol Biomarkers Prev;
23(7); 1139–46. Ó2014 AACR.

Introduction
Debates over the value of mammography screening
have been ongoing since the earliest published evidence
demonstrated reduced breast cancer mortality associated
with an invitation to screening (1–4). While the accumulation of experimental and observational evidence (5–7)
provided sufficient confidence for many health systems
to introduce regular mammography screening, growth
has been accompanied by enduring and typically unwavering debates over the balance of benefits and harms
in specific age groups and overall (8–11).

The Nature of Disputes about Mammography
Some screening debates have reflected different interpretations and judgments about the same data. Early
examples are the continuing debates about inviting women ages 40 to 49 years to screening (10, 12, 13), whereas a
more contemporary example is whether the age to begin
screening and the screening interval should be tailored to
individual risk (14). Today, the former still is more of a
judgment-based debate, whereas the latter is regarded as a
worthy goal, but opinions differ about the potential and
practicality for risk-based screening (15). Some debates
endure by shifting to new issues as earlier ones are
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resolved. The debate over screening women in their 40s
was first defined by the absence of evidence from randomized controlled trial (RCT) data showing a statistically
significant reduction in mortality. That debate might have
been resolved with greater understanding of the poorer
performance of biennial screening in women ages 40 to 49
years (16) and once meta-analysis of the RCT data demonstrated a statistically significant mortality reduction (17)
due to longer follow-up and the inclusion of results from 2
second-generation RCTs (18, 19). Instead of the issue being
considered settled, the debate then shifted from efficacy to
cost-effectiveness (20), then from relative to absolute benefit (21), and eventually to the balance of benefits and
harms, where benefits are defined as a reduction in the
risk of breast cancer death, and harms mostly are defined
by the false-positive rate (22, 23). Unlike the early debate,
the modern debate is complex and very much defined by
the data that are chosen to represent the magnitude of
benefits and harms, that is, the balance sheet (24).
Supporting evidence for benefits and harms may rely
on different methodologies applied to the same data or
different data, and thus estimates may differ considerably. Modern examples include estimates of the relative
risk of dying from breast cancer associated with invitation
or exposure to screening, the absolute benefit of screening
measured by the number needed to be invited (NNI) or
screened (NNS) to save one life, the age to begin and end
screening, and how to judge the downsides of screening,
such as radiation exposure, false-positive examinations,
and overdiagnosis. While conclusions about whether or
not mammography screening can be recommended on the
basis of a balance sheet of estimated benefits and harms
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may seem to be uncomplicated, the underlying data
supporting the estimates may not be evident or well
understood. Differences in the mortality reduction associated with screening can differ more than 4-fold (25, 26),
the number needed to invite/screen to save one life differ
more than 20-fold (27, 28), and estimates of overdiagnosis
range from 0% to greater than 50% (29). At the core of the
extreme views against the value of mammography are
challenges to the credibility of the experimental evidence
(11), trend data of published incidence and mortality rates
(30, 31), and claims of very high rates of overdiagnosis and
overtreatment (32, 33). Reports advancing these findings
and concluding that mammography screening either never was justified, or no longer is, often are published in
leading journals and have generated considerable media
attention. Taken together, the modern arguments against
breast cancer screening emphasize an unfavorable balance of benefits and harms, stating that harms, principally
false-positive findings and overdiagnosis, significantly
exceed the small absolute benefit, which is further diminishing due to progress in therapy and increased breast
awareness (22, 26, 34, 35). Others looking at the same data
conclude that screening is beneficial and that benefits
outweigh harms (22, 36–38). Indeed, beyond favorable
interpretation of the RCT evidence, there is a steadily
growing body of literature of the evaluation of service
screening showing breast cancer mortality reductions as
great as and commonly greater than those observed in the
RCTs (25, 39–43). These reports conclude that modern
mammography and improvements in therapy are contributing to a decline in the breast cancer mortality rate,
and while both are important, early detection is likely to be
the more significant factor (39, 44).

Recent Reviews of Mammography Screening
In the last year, there have been 3 evaluations of the
effectiveness of mammography: (i) an update of the Nordic Cochrane Institute’s review (26); the independent
review of the UK’s National Health Service’s breast cancer
screening program (27); and the evaluation of the European breast cancer screening programs by the EUROSCREEN working group (45), a summary of which is
published in this issue of the journal (46). It is useful to
examine these 3 recent evaluations of breast cancer screening because they represent different approaches to the
data and reach a range of conclusions about the benefits
and harms of mammography screening and whether or
not the balance between them is favorable. Of particular
note is whether the comparison of absolute benefit is
based on the NNI or the NNS or both. Results from RCTs
are always first reported on the basis of an intention-totreat analysis and estimates of the absolute benefit
of screening based on the NNI retain fidelity to the
intention-to-treat analysis. However, the NNI is a rather
nebulous concept for estimating the effectiveness of mammography because variable nonadherence to the invitation to screening and contamination in the control group
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diminish the measurement of the effectiveness of screening due to deaths that occur among nonparticipants and
deaths avoided due to cross-over. Here, estimating the
NNS is preferable, especially when adjusted for selection
bias, as it measures the effectiveness of screening in those
who accept the invitation to screening. RCTs and observational studies can report both NNI and NNS, the latter
with a correction for selection bias. Observational studies
also may report the NNI to estimate the benefit of screening at the population level and to compare more modern
results with those of the RCTs.
Nordic Cochrane Institute
The Nordic Cochrane Institute’s report is the most
recent update of their assessment of the effectiveness of
mammography first reported in 2001 (26, 47). Then and
now, the conclusion of the report is that the evidence does
not support mammography screening. The early report
challenged the experimental evidence, principally in
terms of the randomization process, and concluded that
the only RCTs with adequate randomization methods,
that is, the 2 Canadian trials and the Malm€
o trial, showed
no benefit from screening. The inclusion/exclusion criteria for their meta-analysis have been criticized as misguided (48), overly restrictive (49), and self-serving (50),
as studies that showed a benefit from screening were
excluded. Moreover, no other systematic evidence review
has followed their restrictive methodology, with the
exception that most will exclude the Edinburgh trial (and
did so before the first Cochrane report) due to an imbalance in the socioeconomic status of the invited and control
groups (36, 51, 52). The conclusions of the Cochrane
authors have evolved over time, with the most recent
report acknowledging a benefit from mammography
screening but arguing that: (i) the absolute benefit of
mammography screening today is smaller due to
advances in treatment and women’s increased awareness
and (ii) that the harms of screening, principally overdiagnosis, exceed the benefit (26). The most current
Cochrane estimate of the mortality reduction from the
RCTs associated with an invitation to screening is 19%, but
then the author’s downgrade it to a 15% reduction in
mortality based on their judgment (not calculation) that
suboptimal randomization biases the estimate upward
(26). Even allowing for opinion and judgment in evidencebased medicine, an arbitrary, downward adjustment of
the point estimate is extraordinary. For the balance sheet,
the authors estimate that the rate of overdiagnosis is 30%
and that 2,000 women must be screened for 10 years to
save one life, at a cost of 10 overdiagnosed cases of breast
cancer.
Independent UK Panel on breast cancer screening
The commission of an Independent UK Panel on breast
cancer screening to review the UK National Health Service’s (NHS) breast cancer screening program resulted
partly from an open letter to Professor Sir Mike Richards
(National Cancer Director, England) from Dr. Susan
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Bewley challenging him to acknowledge the findings of
the Nordic Cochrane Institute, conduct a truly independent review of the evidence, and based on the findings
"adjust screening policy appropriately" (53). In response,
the leadership of the NHS and Cancer Research UK asked
Professor Sir Michael Marmot to assemble and chair a
small group of independent exerts (with no prior published work on breast cancer screening) to review the
evidence related to the benefits and harms of breast cancer
screening in the United Kingdom. The panel concentrated
their analysis on the RCTs of breast cancer screening and
applied their findings to the UK breast cancer screening
program. The panel’s meta-analysis observed 20% fewer
breast cancer deaths comparing invited versus control
women. For the balance sheet, the panel based their
estimates on 10,000 women ages 50 years invited to
screening every 3 years for a 20-year period (ages 50–69
years), with the cumulative risk of breast cancer mortality
measured from ages 55 to 79 years. On the basis of that
scenario, the panel estimated that one breast cancer death
would be prevented for every 235 women invited to
screening or for every 180 women who attended screening
(27). The panel based their estimate of overdiagnosis
(19%) on the excess proportion of cancers diagnosed
among women invited to screening compared with the
control group in the Malm€
o and Canadian trials. Thus,
according to the scenario above, 1 in 77 women invited to
screening would be diagnosed with an overdiagnosed
cancer or 3 cancers overdiagnosed for every one life saved.
In the summary of their report published in The Lancet, the
panel acknowledged that mammography screening was
associated with both benefits and harms, but concluded,
"the UK breast screening programmes confer significant
benefit and should continue" (27).
The EUROSCREEN working group
The EUROSCREEN working group consists of 30
experts involved in the planning and evaluation of cancer screening programs in the European Screening Network (54, 55). Unlike the 2 reports described above, the
EUROSCREEN Working Group’s report, published in
a supplement to the Journal of Medical Screening (45),
and summarized here (46), was both an evaluation of
the European breast cancer screening programs and a
review of the methodologic issues involved in the evaluation of observational data of mammography screening
(25, 45, 56, 57), including trend studies, case–control
studies, and incidence-based mortality (IBM) studies
(25, 56, 57). In addition, the EUROSCREEN working
group produced a comprehensive evaluation of the European literature on overdiagnosis (29) and false-positive
outcomes (58).
The EUROSCREEN group began with a literature
search focused on the effect of mammography screening
in Europe, and after applying inclusion criteria, including
(i) mortality as an endpoint, (ii) age groups  50, and (iii)
nonrandomized controlled trial study design, they identified 17 trend studies, 20 IBM studies, and 8 case–control
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studies for evaluation. The countries represented in
these studies included Denmark, Finland, Iceland, Italy,
Netherlands, Norway, Spain, Sweden, and the United
Kingdom. All national programs initiated screening from
1987 to 2007, and literature evaluated in the EUROSCREEN analyses was published from 2001 to 2012.
Trend and IBM studies compared breast cancer mortality
before and after the introduction of screening, whereas
the case–control studies compared breast cancer deaths
(cases) with matched controls from the same population
on the basis of screening history before the diagnosis date
of the breast cancer case. All studies were evaluated for
heterogeneity.
The trend studies typically were based on an evaluation of registry data, and either described breast cancer mortality trends before and after the introduction
of screening (n ¼ 5) or attempted to quantify the effect
of mammography screening on breast cancer mortality
(n ¼ 12). Studies with adequate follow-up (3 singlecountry studies) after the full implementation of screening (10 years) observed mortality reductions ranging
from 28% to 36%. Given the limitations of trend analyses described by Moss and colleagues (56), and the
varied methodology of these studies, no attempt was
made to produce pooled estimates of the effect of
screening on breast cancer mortality. IBM studies offer
advantages over trend studies because the analysis is
restricted to deaths arising from cases that were diagnosed after the first invitation to screening. Among the
several strengths of this approach is avoiding the sizeable contamination in the post-screening period by
breast cancer deaths among women diagnosed before
the introduction of screening. On the basis of 7 incidence-based mortality studies that had the strongest
designs, the EUROSCREEN Working Group estimated a 25% breast cancer mortality reduction associated
with an invitation to screening and a 38% mortality reduction associated with exposure to screening. Among
the case–control studies, the mortality reductions were
31% and 48%, respectively. Among all pooled analyses,
only the combined mortality reduction for invitation
to screening in the case–control studies showed significant heterogeneity (25).
Overdiagnosis was a special focus of the EUROSCREEN group’s evaluation. Overdiagnosis refers to the
diagnosis of breast cancer by screening that never would
have presented clinically in the woman’s lifetime. To the
extent that overdiagnosis exists, it represents a significant
harm as women will undergo treatment unnecessarily.
Overdiagnosis must be understood as a statistical concept, as by definition, there are no defining histologic
features to distinguish an overdiagnosed (i.e., nonprogressive) cancer from one that is progressive. The ideal
method for estimating overdiagnosis is to compare the
cumulative incidence in the invited and control groups in
an RCT including several years after the end of the study
and before the control group has begun screening. Opportunities are limited to do this, and there has been an
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uncertainty with the existing RCT data over continued
screening in the invited group or post-trial contamination
in the control group. Accurately estimating the duration
of the sojourn time and whether or not ductal carcinoma
in situ (DCIS) is included also pose challenges. Given the
limited opportunity to address this question with RCT
data, Puliti and colleagues sought to evaluate the growing
number of estimates of overdiagnosis in the service
screening setting (29). To avoid bias, estimates of overdiagnosis must compare incidence rates over time in
screened and unscreened populations that are equivalent
with respect to the underlying risk of disease and the
effects of lead time. The EUROSCREEN Working Group
divided 13 studies based on whether or not overdiagnosis
estimates were adjusted for lead time associated with
screening and contemporaneous trends in incidence. Failure to adjust for these influences on incidence rates largely
accounts for the wide range in the estimates of overdiagnosis (0%–57%), in particular extraordinary large estimates (59). Among the reliable estimates of overdiagnosis,
that is, those that did adjust for lead time and changing
risk over time, the investigators estimated overdiagnosis
of invasive and in situ cancers at 6.5%. From the above, the
group estimated that among 1,000 women ages 50 years
screened every 2 years until age 69 years (and followed
to age 79) 7 to 9 lives are saved (of 30 deaths expected
in the absence of screening) and 4 women are overdiagnosed (of 67 incident cases expected in the absence of
screening; ref. 45). Unlike the balance sheets described
above, the EUROSCREEN Working Group estimates that
more lives are saved because of screening compared with
cancers overdiagnosed.

Estimating the Absolute Beneﬁts and Harms of
Mammography
In meta-analyses of the RCTs conducted to date, the
relative risks of dying from breast cancer have been
consistent, varying only on the basis of which RCT data
are included in the analysis. This also is the case in the 2
most recent meta-analyses conducted as part of the
systematic reviews described above. In contrast, absolute
risk estimates derived from the various systematic
reviews vary by orders of magnitude. How do we
explain that the UK Panel and the Nordic Cochrane
Institute each estimated a 20% and 19%, respectively,
reduction in breast cancer deaths associated with an
invitation to screening (26, 27) but then differed nearly
10-fold in their estimate of the number of women who
needed to be invited (NNI) to screening to save one live
(1/250 vs. 1/2,000, respectively)? The United States
Preventive Services Task Force estimates of the NNI to
screening to save one life for women ages 50 to 59 and 60
to 69 years (respectively, 1 in 1,339 and 1 in 377) also are
considerably different than the UK Panel and the Nordic
Cochrane Institute estimates, although their estimates
are for narrower age groups (60). Each of these, in turn, is
different from the estimates from the EUROSCREEN
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Working Group, which estimated both NNI and NNS
from observational data. Closer examination reveals that
each measure of absolute risk differs in terms of the
reference population, mortality benefit (originally a 19%
mortality reduction became 15% in the Nordic Cochrane
Institute’s estimate), duration of screening and followup, and whether invitation or exposure to screening is
being compared. In particular, the most extreme estimate
of the NNI to save one life is from the Nordic Cochrane
Institute, which is influenced by the shortest observation
period (10 years of screening with no follow-up beyond
that) and an absolute benefit estimated from a subset of
the RCTs that are dominated by women in their 40s (28).
In an effort to understand the disparity between estimates in absolute benefit, given the similarity of the
common relative risk estimates derived from the RCTs,
Duffy and colleagues standardized the Nordic Cochrane
Institute, USPSTF, and EUROSCREEN estimate of absolute benefit to a common scenario, that is, the recent UK
Independent Panel estimate of the effect of screening on
UK every 3 years in women ages 50 to 69 years on breast
cancer mortality from ages 55 to 79 years. This is fairly
straightforward, that is, and involves applying the Nordic Cochrane estimate of benefit to the estimated cumulative mortality in the UK screening program. For example, as Duffy and colleagues have shown, in the UK the
cumulative breast cancer mortality among women ages
55–79 years is 17 per 1,000. From the perspective of the
Nordic Cochrane review’s claim of a 15% mortality
reduction associated with an invitation to screening, the
breast cancer mortality rate in the absence of screening
would be 20 per 1,000 (17/0.85), with the effect of an
invitation to screening being 3 deaths prevented per
1,000 women invited. As the attendance rate to screening
in the UK is 77%, the effect of being screened would be
3.89 breast cancer deaths avoided per 1,000 women
invited (3/0.77) or 257 women needed to screen to
prevent one breast cancer death (1,000/3.89; ref. 28).
When the 4 leading estimates (Nordic Cochrane Institute, UK Independent Review Panel, USPSTF, and
EUROSCREEN Working Group) of absolute benefit are
adjusted to the screening scenario used by the UK
Independent Review Panel (the effect of screening every
3 years for a 20-year period beginning at the age of 50
years on breast cancer mortality between ages 55–79
years), the difference in the estimates of absolute benefit
are substantially reduced from 20- to 4-fold (Table 1)
and thus are not as disparate as the original estimates,
especially when considered over a 25-year period (28).
Duffy and colleagues also converted the NNI estimates
to the NNS as the NNI is artificially inflated by breast
cancer deaths in the invited group among women who
were nonadherent to the invitation to screening, which
is nontrivial across all rounds of screening and all RCTs.
The NNI is not generalizable and has no meaning to a
woman contemplating screening or having already
attended screening. It should not be used in a balance
sheet to communicate benefits and harms.
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Table 1. Original and adjusted estimate of the absolute beneﬁt of breast cancer screening from four
systematic reviews
Age group,
y

Intervention

UK Independent Panela

50–69

USPSTFd

Systematic review group

Screening period/
years of follow-up

Mortality
reduction

Original
NNS/NNIb

Adjusted
NNSc

Screening

20 y, ages 50–69/
25 y, ages 55–79

20%

180

180

50–59

Invitation

Avg. 7 y, ages 50–59/
Avg. 14, ages 50–59

14%

1,339

60–69

Invitation

Avg. 7 y, ages 60–69/
Avg. 14, ages 60–69
Combined

32%

337

50–69

19%

193

EUROSCREEN Working
Group

50–69

Screening

20 y, ages 50–69/
30 y, ages 50–79

38%–48%

111–143

64–96

Nordic Cochrane Institute

40–74

Invitation

10 y, ages 40–74/
10 y, ages 40–74

15%

2,000

257

a

Reference population and protocol.
NNS: The UK Independent Panel and EUROSCREEN estimates of absolute beneﬁt are based on the number needed to screen.
c
Derived from Duffy and colleagues. Original estimates are adjusted to the same scenario used in the UK Independent Review, that is,
the impact of screening UK women ages 50–69 years every 3 years for 20 years on mortality in women ages 55–79 years.
d
The estimate for the mortality reduction for women ages 50–69 years is based on taking an inverse variance-weighted average of the 2
relative risks in the logarithmic scale [relative risk (RR) ¼ 0.81 (95% CI, 0.72–0.92)].
b

The Enduring but Limited Value of the RCTs of
Mammography Screening
Relying on the RCTs to measure the effectiveness of
screening is conservative and based principally on the
hierarchy of evidence. This is the logic advanced by the
USPSTF, the UK Independent Review Panel, and the
Nordic Cochrane Center for only considering RCT evidence in their systematic reviews. However, with the
efficacy of breast cancer screening established more than
4 decades ago, does it make sense to rely on these data to
estimate the effectiveness of modern mammography? The
RCTs varied considerably on important protocol factors (i.
e., 1- vs. 2-view mammography, the screening interval,
etc.) number of screening rounds, adherence with the
invitation to screening, and control group contamination.
Duration of follow-up also is highly variable, and lack of
long-term follow-up reduces the ability to measure the
absolute benefit of screening, as was just shown in the
example above, and also recently in the 29-year follow-up
of the Swedish Two County Trial (61). In the Two County
Trial, based on the local endpoint committee assessment,
an invitation to screening was associated with a 31%
reduction in breast cancer deaths over the 29-year period.
However, the NNS to save one life became steadily more
favorable over the duration of the follow-up period.
According to the trial protocol, the NNS for 7 years
(2–3 rounds) to save one life with 10 years of follow-up
was 922. At 29 years of follow-up, the NNS to screen to
save one life had dropped to 414. The investigators estimated that if screening had continued for 10 years, the

www.aacrjournals.org

NNS to prevent one breast cancer death would be 300. The
follow-up data also reveal that fewer than half of the
deaths prevented were observed in the first 10 years.
These observations reinforce that 10 to 15 years of follow-up should be regarded as the minimum needed to
measure the benefit of screening mammography and 20þ
years is preferable. Indeed, as shown in Table 1, failing to
allow for longer follow-up accounts for a great deal of the
difference between estimates of absolute risk, as does
measuring absolute risk in terms of NNI versus NNS.
Understanding the underpinnings of these estimates is
important as they contribute to summary judgments
about the balance of benefits and harms and screening
recommendations.
Meta-analysis of the RCTs further underestimates the
true effectiveness of screening. As would be expected,
there are differing opinions over which among the RCTs
best reveals the true association between an invitation to
screening and breast cancer death, and these judgments
figure heavily into meta-analysis inclusion and exclusion
decisions. What is often overlooked among the RCT
findings is that the relative risk of being diagnosed with
an advanced breast cancer is strongly associated with the
relative risk of dying from breast cancer (62). Thus, to
argue that it is inappropriate to pick winners and losers
among the RCTs and rely instead on meta-analysis of
all trials as a more credible estimate of benefit ignores
this important and consistent pattern, which more than
any other observation explains why some trials demonstrated reduced breast cancer mortality and some did
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not. This pattern of more favorable tumor characteristics
associated with exposure to screening is also evident in
the evaluation of service screening (63), lending further
support for moving beyond the RCTs to estimate the
effectiveness of modern mammography.
The EUROSCREEN Working Group has made a great
contribution by reviewing, summarizing, and critiquing
the European literature on the evaluation of modern
mammography screening. Many of the key methodologic
imperatives for the proper evaluation of mammography
screening programs have been understood for some time,
but they are commonly neglected, leading to erroneous
conclusions about the value of breast cancer screening.
For example, trend analyses of breast cancer mortality
or incidence contemporaneous with the introduction of
screening are deceptively attractive due to their simplicity, but these analyses are not well-suited to measuring
the effectiveness of screening (56). For example, in the first
decade after the introduction of screening, usually more
than half of the breast cancer deaths are attributable to
diagnoses that occurred before screening was introduced,
highlighting the need to censor deaths in the post-screening era attributable to diagnoses in the pre-screening
era (64). Deaths from breast cancer among women not
invited to screening and among those who are invited but
do not attend screening can also account for a significant
fraction of deaths after screening is introduced. There also
is a need to appreciate that it takes time to launch a
screening program and invite and screen the target population, a process that can take several years, and long
follow-up also is needed. Trends in the death rate also
can be influenced by cohort effects on incidence over
time and by improvements in therapy. For these reasons,
the most valid designs for the evaluation of service
screening are those in which individual longitudinal
data linking screening history and cause of death are
evaluated with either an IBM or a case–control approach
(25). With respect to overdiagnosis, Puliti and colleagues
have revealed the basic methodologic flaws in analyses
that report alarmingly high rates of overdiagnosis,
mainly a failure to account for lead time and trends in
increasing breast cancer incidence, but they also have
shown that credible attempts to estimate overdiagnosis
can be made if the underlying risk of breast cancer is

similar, if there is proper adjustment for lead time, and
there is careful attention to other methodologic issues (29).
The weight of the conclusions of the recent systematic
reviews provide strong support for the importance of
mammography screening in the control of breast cancer
and sweep aside alarmist claims that the benefits of
mammography in the era of adjuvant therapy are few,
and the harms, specifically high rates of overdiagnosis,
unacceptably high. While continued analysis of the RCT
databases will remain fruitful, especially where contemporary question can be addressed with the benefit of
decades of follow-up, it is time to move beyond the RCTs
and use modern service screening data evaluated with
appropriate methodology to inform screening policy, a
sentiment echoed by others (54). The EUROSCREEN
Working Group has provided us with a comprehensive
blueprint of current state-of-the art methods for the evaluation of mammography service screening. We can expect
these methods to evolve, but it also is important to support
the archiving of data that will improve the evaluation of
screening programs, especially in the United States, which
lacks nation-wide population-based longitudinal data
linking screening and outcomes. Indeed, insofar as measuring the balance of benefits and harms should be ongoing and regularly assessed, contemporary data on harms
should be compared with contemporary data on benefits.
This is preferable to populating the balance sheet with old
data on benefits from meta-analysis of RCT data and
contrasting it with modern data from all women exposed
to mammography to measure harms. Finally, the outcomes that populate the balance sheet may improve as
a result of new technology or interventions focused on
improving accuracy. Guidelines developers should be
clear about why the balance of benefits and harms does
or does not support a recommendation for screening.
When the balance is judged to be unfavorable, they also
should state clearly what change in the level of benefits,
harms, or both would be sufficient to endorse screening.
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