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etween 1990 and 2007, the mortality rate from breast cancer in
the United States has decreased
by 31% (1,2), principally due to the
contribution of mammographic screening and improved therapies. This means
that, each year, approximately 31% fewer
women die of breast cancer than would
have died were it not for the progress in
the control of the disease. Furthermore,
the decline in breast cancer mortality between 1991 and 2006 represents
36.7% of the total decrease in cancer
deaths in women, which means approximately 75 500 fewer women died of breast
cancer than would have if mortality rates
had not declined during the past 20
years (3).
There has been debate over the relative contributions of screening and therapy to this decrease in the death rate.
Using computer modeling, a consortium
of investigators estimated that mammography was responsible for 28%–65% of
the reduction in the mortality rate (4),
a wide range of effect estimates attributable to varying model assumptions.
Conversely, several large observational
studies from Sweden (5–8) and the
Netherlands (9) have directly measured
the effects of mammographic screening in large general populations, finding that most of the decrease in deaths
from breast cancer was due to screening, consistent with the upper end of the
modeling estimates (4).
Despite this evidence, some not only
deny the important role of screening in
the decline of the breast cancer death
rate (10) but also question whether the
human costs of screening justify what
they judge to be a small benefit (11).
The issue that has achieved the highest
public profile in recent years is “overdiagnosis,” with extravagant claims of
very high rates of overdiagnosed tumors
as a result of screening and rather tenuous theories about overtreated screeningdetected breast cancers that would

have spontaneously regressed if not detected with mammography receiving the
most attention (12–14).
To estimate the efficacy of screening
in preventing deaths from breast cancer
without distortion by lead time or length
bias, randomized controlled trials (RCTs)
are required (15). Meta-analyses of the
RCTs have demonstrated a significant decrease in breast cancer deaths among
women invited to screening from age
40 years onward on the order of 20%–
25% (16,17), and, because these were
all trials in which women were invited
to be screened, the effect of modern
mammography among women who actually undergo screening is considerably greater ( 5–7 ). It is in the context
of a substantial benefit from screening in reducing breast cancer mortality
that the overdiagnosis debate should be
considered.

Overdiagnosis
The latest challenge to screening mammography has been the argument that
screening leads to the diagnosis of a
large number of breast cancers that, if
left undiscovered, would never become
clinically evident and, thus, would never
become potentially lethal (13,14). Those
who regard overdiagnosis as the greatest harm of screening argue against
population-based screening, insisting either that the small number of lives saved
is not worth the human cost or that
informed and shared decision making
should emphasize that, for most women,
the harms of screening outweigh the benefits (11). There are two lines of reasoning underpinning this argument. In the
first, breast cancers detected during
autopsy of women who had not been
diagnosed with breast cancer (and who
died for other reasons) are often cited
as the basis for a prevalence of disease
of which a large fraction must be indolent. However, if we screen 1000 women,
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we will detect one to two cases of ductal
carcinoma in situ (DCIS) (0.1%–0.2%);
results of autopsy studies suggest that
9%–15% of women have undiagnosed
DCIS at death (18). This indicates that
microscopically detected DCIS in cadavers is not relevant to the issue of mammographically detectable DCIS in living
women. The second and more common
approach to estimating overdiagnosis derives from a comparison of two populations. In these comparisons, one population has been exposed to mammographic
screening and has experienced a substantial increase in incidence, whereas the
other population, unexposed to mammography, has had a smaller increase in
incidence. It has been asserted that the
excess incidence represents overdiagnosis and that the treatment of these excess cases is, de facto, overtreatment.
The most commonly accepted definition of overdiagnosis is not a pathologic
but an epidemiologic one: the detection
with screening of cancer that would not
have been diagnosed in the host’s lifetime if the screening had not taken place.
This is the definition used by the most
energetic critics of screening. Because
there are no pathologic features that can
help differentiate a progressive cancer
from a nonprogressive cancer, overdiagnosis is estimated as the difference between observed versus expected incidence. It is this last quantity that is the
source of most disagreement among estimates of overdiagnosis.
To prevent deaths from breast cancer, screening must advance the time
of diagnosis within the clinically occult
phase of the disease’s natural history,
when treatment has the greatest potential to be successful. Thus, for screening to be effective there must be lead
time. This, in turn, implies the possibility of overdiagnosis because there must
be some subset of tumors whose lead
time exceeds the lifetime of the patient.
On the basis of the average lead times
and their variability, the number of these
tumors must be very small (19). There
is disagreement about the size of this
population and no way to identify it at
this time, but it is intuitively thought
that it must largely be represented by
DCIS and small invasive cases.
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In the broader context of overtreatment, it is accepted that large numbers
of breast cancers, including those that
are clinically evident, also are “overtreated” insofar as the majority of patients receiving cytotoxic chemotherapy
would survive without it and a minority
of patients would unfortunately die of
breast cancer despite chemotherapy.
Between these two extremes is a group
of patients with breast cancer whose
lives are saved as a result of chemotherapy. However, because we also cannot
reliably identify this group, large numbers of women in the other two groups
undergo chemotherapy “unnecessarily.”
Thus, overtreatment is a problem for
all breast cancers, and, indeed, overdiagnosis, according to the definition of
“indolence,” should apply to clinically
evident tumors as well.

Spontaneous Regression of Breast
Cancers
By definition, an overdiagnosed case
is detectable with either screening or
palpation. In one model, a breast cancer progresses at an infinitesimally slow
rate or progression is arrested; in either
case, however, it would not have been
detected without screening. In the other
model, a breast cancer progresses to a
detectable size but then is expected to
regress altogether or to a size that is
not detectable. We have been unable
to find any convincing evidence that a
significant fraction of breast cancers regress spontaneously, as implied in some
recent publications. Documentation of
this phenomenon is mainly limited to a
small number of individual case reports
(20–22). This suggests that, in one of
the most common cancers worldwide,
spontaneous regression is a rare phenomenon indeed. In 1976, Lewison (23)
reported on regression in 12 patients
from his practice; however, despite the
apparent “regression” of cancer in the
breast, most of these women died of
breast cancer. It should also be noted
that in those settings—in the developing world, where the natural history
of breast cancer is allowed to run its
course—the consequences are usually
tragic (24).
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The most recent controversies about
overdiagnosis stem from two articles. In
the first article, Zahl et al (14) claim
to have found evidence of spontaneous
regression in a study of incidence rates
in relation to the inception of a screening program in Norway. In the other
article, Jørgensen and Gøtzsche (13),
from their study of incidence rates in
four countries, conclude that there are
extremely high rates of overdiagnosis in
screening programs. Both studies have
serious methodologic errors.
In the first study, Zahl et al (14)
compared a cohort of women in the
prescreening era (age range in 1992,
50–64 years) with one undergoing
screening in the same area (age range
in 1996, 50–64 years) and, because the
observed incidence appeared to be considerably higher in the latter cohort,
concluded that this was evidence of overdiagnosis. However, the incidence of
breast cancer was increasing during this
time period in Norway, independently
of screening, and the cohort of women
aged 50–64 years in 1996 has a major
component that is the same population
as those aged 50–64 years in 1992, only
4 years older. Because the incidence of
breast cancer increases with age—and
was increasing with each calendar year
in Norway at the time—the incidence
in the postscreening cohort would be
expected to be greater than that in
the prescreening cohort even without
screening. In addition, the statistical
modeling did not take into account the
complex correlation structure resulting
from the same population and, in many
cases, the same cancers being included
twice in the same data analysis. Thus,
incidence is expected to be higher among
screened women without overdiagnosis.
The authors’ sweeping biologic conclusions regarding spontaneous tumor regression are speculative and cannot be
taken seriously owing to their fundamentally flawed analysis.
The estimates of overdiagnosis in
the second article (13) are equally unreliable due to a preponderance of elementary epidemiologic errors (25). To
illustrate, let us take the example of the
analysis and conclusions related to the
United Kingdom screening program.
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Jørgensen and Gøtzsche conclude that
the rate of overdiagnosis with the screening program in the United Kingdom from
1993 to 1999 was 57%. The flaws in this
estimation include a broad range of unreliable methodologic approaches as well as
misplaced or casual assumptions, including:
1. The analysis was not based on actual data; that is, rather than obtaining
data from cancer registries, the authors
estimated rates from published graphs,
rendering the incidence data prone to
serious inaccuracy. They also estimated
trends with use of the wrong method of
analysis (ie, linear rather than Poisson
regression).
2. The authors assumed that underlying incidence rates were stable. They
observed a 41% increase in invasive cancers in 1999, compared with expected
rates based on trends from 1971 to 1984,
before screening was initiated. Two observations render this comparison incorrect. First, the authors ignored the fact,
noted in the source of their graphical
data (26), that an exponential increase
in incidence began in 1984—several years
before the screening program started.
Second, there was a 7% increase in
incidence in the age group below the
screening age range. Thus, their method
underestimated the expected rates in
1993–1999 in the absence of screening.
3. In addition to excluding the later
years in the prescreening period, the authors based their overdiagnosis estimate
not on their “screening” period of 1993–
1999 but on 1999 alone. Thus, they excluded the years of highest incidence in
the prescreening period and the years
of lowest incidence in the screening period. This extreme selection, in the presence of a well-documented underlying
trend of increased incidence, seriously
inflates the difference between observed
and expected incidence.
4. The authors assumed that 10%
of all breast cancer diagnoses are DCIS
and that all DCIS is overdiagnosed. Thus,
their estimate of a 57% overdiagnosis
rate was obtained by combining the 41%
increase in invasive cancers and augmenting it with an additional 10% rate
of estimated detection of DCIS.
5. The authors made no adjustment
for lead time. The authors assumed that
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all additional incidences after the initiation of screening were overdiagnosed
rather than simply diagnosed earlier.
Their justification is that they could see
no compensatory reduction in incidence above the age range for screening. This is likely due to the absence
of direct data and to the fact that their
analysis pertains to the early years of
the screening program, before a sufficiently large cohort has been through
the screening program and emerged into
the age group above it. Other investigators who did have access to the direct
data and/or to data up to 2004 found a
substantial compensatory decrease in
incidence above the age range for screening (27,28).
6. The 57% overdiagnosis estimate
implies that almost all screening-detected
cancers were overdiagnosed (29). Given
that a number (fortunately small) of
screening-detected tumors prove fatal,
the inaccuracy in their overdiagnosis
estimate must be considerable.

What Is the True Level of
Overdiagnosis?
The most reliable way to evaluate and
quantify whether mammography depicts
cancers that would never become clinically evident is to observe long-term incidence in an RCT, where there is one cohort of women that is randomly divided
and observed during the same period of
time. If the division is truly random, and
there is no overdiagnosis, approximately
the same number of women should be
diagnosed with breast cancer over time
in both groups. The only difference
should be that the cancers in the group
of women invited to screening should be
found earlier than those in the control
group; however, the women in the control group should “catch up” some time
after the trial ends and screening has
ceased in the study group (19). However, this kind of analysis of the existing
breast cancer screening RCT data is difficult because, with the exception of the
Malmö trial (30), women in the control
arms of the RCTs were offered screening at the conclusion of the trials.
In the Malmö trial, the investigators
estimated that screening appeared to

have helped detect 10% more cancers
than became clinically evident in control subjects with 15 years of follow-up
(30). This figure, however, depends on
the extent to which women in the study
arm stopped being screened as per protocol, which is unknown. Thus, the estimate of 10% overdiagnosis in the Malmö
trial would appear to be the maximum
amount of “overdiagnosis” that might
occur as a result of screening.
In general, estimates of overdiagnosis that take into account lead time and
the other factors influencing incidence
noted in the previous section are in
agreement with or lower than those of
the Malmö trial (30). Studies that do
not take these factors into account tend
to have much higher estimates of overdiagnosis, which is due to some clear,
and other perhaps less intuitive, flaws
rendering them implausible (13,31). In
a review of the data from two RCTs—
the Two-County and Gothenburg Trials—
Duffy et al (19) estimated an overdiagnosis rate of only 1%. Olsen et al (32)
found a similarly low rate in the Copenhagen program, as did Puliti and colleagues (33) in Italy. Thus, RCT estimates and service screening estimates,
which properly take into account the
complexities of cancer incidence in the
presence of screening, tend to find levels
of overdiagnosis of 10% or less, which
is likely to be closest to the true level.
Some commentators have suggested
that overdiagnosis is among the reasons
to forgo the potential lifesaving benefits
of screening (11,12). Duffy et al (27)
evaluated this in a study that looked at
the decrease in deaths versus overdiagnosis in the Two-County Trial and the
U.K. National Breast Screening Programme in England. The authors found
an approximately 30% reduction in mortality and concluded that 2–2.5 lives
were saved for every case that was estimated to have been “overdiagnosed.”

DCIS
The analyses referred to earlier have
dealt either with invasive cancers alone
or with combined invasive cancers and
DCIS. Before the use of mammography,
DCIS made up only 2%–5% of breast
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cancers. The only time these lesions were
diagnosed was when they were so large
that they became palpable. In mammographic screening programs, DCIS now
makes up 20%–30% of the cancers detected. There is still debate over the
importance of these lesions (34), with
interlacing issues of the underlying pathologic characteristics, progressive potential, overdiagnosis, overtreatment, patient
awareness, and anxiety driving the debates. Although a thorough discussion
of the natural history of DCIS is beyond
the scope of this article, the fact remains
that there is no direct way to determine
which cases of DCIS, if left alone, would
not progress to become invasive.
In a retrospective study, Page et al
(35) identified 28 women with DCIS who
were not treated beyond the diagnostic
biopsy. Among these women, seven (25%)
developed an invasive breast cancer—
with four (14% of the original 28 patients)
developing metastatic disease during
15-year follow-up. Because some of the
lesions were likely completely excised,
and these were low-grade (favorable)
lesions, this likely represents the minimum number of DCIS lesions that will
progress. More recent studies suggest
that the progressive potential of DCIS is
higher and depends on whether it is detected on the first mammogram or on
subsequent mammograms. Yen et al (36)
estimated that 37% of DCIS discovered
at the first (prevalence) screening examination and only 4% detected at subsequent screenings would not progress.
The authors concluded that “overdiagnosis” of DCIS was a minor phenomenon.
If DCIS is the precursor lesion for
invasive breast cancers, then the detection and removal of DCIS from a
population should result in fewer subsequent invasive cancers. This is consistent with the results of the Gothenburg
and Two-County Trials, where the excess
of DCIS in the study arm was largely
compensated for by a deficit in invasive
disease (19).
In the Two-County Trial, it was estimated that 12% of all prevented deaths
resulted from the detection of DCIS (37).
The RCTs of treatment of DCIS give
us clear evidence that DCIS generally
does have progressive potential and that
Radiology: Volume 260: Number 3—September 2011
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its detection and treatment are valuable.
In one of the largest trials (38), the recurrence rate for surgically resected DCIS,
without radiation therapy, was 26.8%
at 8 years. Of concern was that half of
the recurrences were invasive cancers.
Postsurgical radiation therapy reduced
the recurrences to 12.1%, with only 3.9%
being invasive. In the United Kingdom,
Australia, and New Zealand DCIS Trial
(39), surgery alone was compared with
surgery plus radiation therapy, surgery
plus tamoxifen, and surgery plus both radiation therapy and tamoxifen in women
undergoing wide local excision for DCIS.
The recurrence rate in patients treated
with surgery alone was 32%, which is
similar to the rates of recurrence observed
in operable invasive tumors (39).
In 2007, Ravdin et al (40) noted that
the incidence of invasive breast cancer
was declining in the United States. They
attributed the decline to the marked reduction in exogenous hormone use that
had occurred following publication of
the results of the Women’s Health Initiative Study in 2002. However, the incidence actually began to decrease several years earlier, in 1999, so it is clear
that the cessation of hormone use was
not solely responsible for the decrease
in incidence (41). The decrease in incidence may be due to a return toward
baseline after a long “prevalence” hump
because women in the United States did
not begin screening all at once but with
increasing numbers over many years. It
is also possible that the removal of many
DCIS lesions during the past decades
resulted in fewer subsequent invasive
cancers (28). Unfortunately, at this point
in time it is not possible to determine
the contribution, if any, of the detection
and treatment of DCIS lesions.
In summary, we recognize that there
are almost certainly some breast cancers
that will never be lethal. It is also clear
that many women, even those with palpable breast cancers, are treated with
systemic therapy without our knowing
specifically who will benefit (42). This
overtreatment is not, however, confined
to those cancers detected with mammography. The data clearly show that
there are large, clinically evident, palpable cancers that are not lethal.
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We completely support the suggestion that all women should be provided
with the information they need to decide
whether to participate in screening, including the fact that they may be overtreated if cancer is detected because we
are unable to differentiate nonprogressive and nonlethal cancers from progressive and potentially lethal cancers. We
also must inform women that early detection, although not perfect, has been
repeatedly demonstrated to reduce deaths
from breast cancer and that the risk of
overdiagnosis is small compared with
this benefit.
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