
Controversies in Oncology:
Breast Cancer

Were Our Estimates of Overdiagnosis With Mammography Screening

in the United States “Based on Faulty Science”?
ARCHIE BLEYER
St. Charles Health System, Central Oregon, Oregon Health and Science University, Portland, Oregon, USA
Disclosures of potential conflicts of interest may be found at the end of this article.

In this report, I address the issues raised by the author of the
accompanying article [1] that criticizes our report in the New
England Journal of Medicine [2] as “egregious,” “based on
faulty science” with “questionable” methods and “incorrect
conclusions,” and an “excellent example of a failure of peer
review” that “shouldhaveneverbeenpublishedand shouldbe
withdrawn.” The critic states that “using [our] methods, but
with a more accurate extrapolation, there is no evidence of
overdiagnosis of invasive breast cancer” and “contrary to
[our] assertion, the rate of late-stage cancer has dropped
dramatically.” In this response, I focus on the criticisms levied
againstusanddonotattempttoaddress thecritic’smanyother
concerns about the limitations of screening mammography
that have been raised during the past years.

METHODS

Before defending our findings, I should repeat and further
explain several terms defined andmethods used in our report,
as well as indicate how I updated analyses we performed 2
years ago.

Early- and Late-Stage Breast Cancer
We used Surveillance, Epidemiology, and End Results (SEER)
historic stage A as the foundation for our categorization of
early- and late-stage cancer. The four stages in this system are
(a) in situ disease; (b) localized disease, defined as invasive
cancer that is confined to the organ of disease origin; (c)
regional disease, defined as disease that extends outside of
and adjacent to or contiguous with the organ of disease origin
(in breast cancer, most regional disease indicates nodal
involvement, not direct extension); and (d) distant disease,
defined as metastasis to organs that are not adjacent to the
organ of disease origin.We restricted in situ cancers to ductal
carcinoma in situ (DCIS), specifically excluding lobular carci-
noma in situ, becauseDCIS is uniformly treatedas cancer and in
situ lobular carcinoma is not, as further explained below. We
definedearly-stage cancer asDCISor localizeddisease and late-
stage cancer as regional or distant disease.

The Average Annual Percentage Change of
Incidence Rate
This calculation, along with its variance values (confidence
intervals, significancetest,etc.), isprovidedbytheSEERprogram
[3]. The least squares regression line is fitted to the natural

logarithm of the rates, using the calendar year as a regressor
variable,with n5 number of years, r5 incidence, y5 ln(r), x5
calendar year, y 5 mx 1 b, and average annual percentage
change (AAPC)5 1003 (em – 1).We selected the age-adjusted
and weighted least squares methods of two options offered by
SEER. (We did not have to perform the calculation.)

BestGuessEstimateofTrend inBreastCancer Incidence
Each of three methods we used to estimate breast cancer
incidence trends was applied a priori as a point estimate for our
statistical analysis hypothesis. To adjust for changes in the
underlying incidence, we examined incidence trends in the
portion of thepopulation that generally did not have exposure to
screening:womenyoungerthan40yearsofage. Inthisagegroup,
the SEER calculation for the AAPC from 1979 through 2008 was
0.25% per year (95% confidence interval [CI], 0.04–0.47) for all
breast cancer including in situ forms. To account for this growth,
we repeated our analysis, allowingour baseline incidence among
women 40 years of age or older to increase by this SEER-derived
AAPC rate of 0.25% per year. We called this estimate the “best
guess” and applied it to both early- and late-stage disease.

ExtremeandVery Extreme Estimates of Trend in Breast
Cancer Incidence
Wealsowanted to provide estimates thatwere biased in favor
of screening mammography—ones that would minimize the
surplus diagnoses of early-stage cancer andmaximize the deficit
of diagnoses of late-stage cancer. In our extreme estimate, we
doubled the best guess estimate assumption to 0.50% per year,
which was greater than the upper limit of the 95% confidence
interval (more than 2 standard deviations above the mean) for
the SEER-generatedAAPCof theunscreenedpopulation. [SEER’s
update to 2010: AAPC (CI) 5 0.26 (0.07–0.46), which not only
keepsourbestguessassumptionabove theupperCIbutsets itat
the 99th percentile.] For our very extreme estimate,weused the
same rate as in our extreme estimate (AAPC 5 0.50) but also
assumed that the decrease in late-stage cancer began at the
highest rate of late-stage disease recorded by SEER, in 1985, of
113casesper100,000women,therebymaximizingthedecline in
diagnoses of late-stage cancer.

Calculation of Overdiagnosis Rate
In ouroriginal report,we calculated the absolute change in the
incidence ofearly- and late-stage cancer froma3-year average
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before screeningmammographywas implemented in theU.S.,
1976–1978 to 2006–2008, also a 3-year interval, 3 decades
later, and after an interim of increased incidence during
1990–2005 that was associated with hormone-replacement
therapy [4]. As described above, we corrected for a baseline
(background, underlying) rate by assuming it was 0.25% per
year inourbest guessmodel and0.50%peryear inourextreme
and very extreme estimates.

Because SEER did not track screening mammography, our
overdiagnosis estimate is of all breast cancer and not of
screened cases. Examples of all three of our estimates are
shown in Table 1, with an update as described in the next
paragraph. We also did not express our overdiagnosis
estimates as the rate recommended by others to be a ratio
of those overdiagnosed versus those not overdiagnosed, such
as our best guess of 31% being a rate of 45% (31%/69%) [5].

Updating of SEER Data to 2010
Because it has been 2 years since we performed the analyses
for our original report, I have added where appropriate the
most recent SEER data [3] that enable us to update the
concluding year in our report from 2008 to 2010.The updated
data are shown in brackets ([..]) in the text and in Figure 1.
Table 1 includes an update to 2010 in addition to serving as an
example of howoverdiagnosis rate estimateswere calculated.
In it, a 5-year interval, 2006–2010, is compared with the
original prescreening 3-year interval (1976–1978), as justified
by data that disclose little change in the incidence rates during
the additional years (supplemental online Figure 1, lower
panel). Using the AAPC in overall breast cancer incidence
during 1979–2010 in women younger than 40 years of age
[0.27 (CI: 0.07–0.46)] and extending the baseline assumption
to 2010 by assuming that the baseline increase was constant
from 1979 to 2010 yield overdiagnosis rates for 2006–2010 of
30%, 24%, and 22%, respectively, for our best guess, extreme
assumption, and very extreme assumption.

The30%bestguess rate is1%lessthan inouroriginal report
because of the assumption that the rate in baseline increase
wasconstant forall years including2009and2010andbecause
the incidence of early-stage disease declined from 2009 to
2010 (supplemental online Figure 1, lower panel). The decline
from 2009 to 2010 in early-stage disease may be due to a
decrease in screeningmammography that has been attributed
to the release in 2009 of U.S. Preventive Services Task Force
recommendations to decrease screening (supplemental online
Figure 1, upper panel) [6].

CONTRARY TO OUR ASSERTION, THE RATE OF LATE-STAGE
CANCER HAS DROPPED DRAMATICALLY

First, we did assert, as described by the critic, that in order for
screening to be efficacious, it must reduce the number of
“late-stage” cancers. The critic contends, however, that we
“underestimated the decline in late-stage cancer” because
we did not adequately correct for the increase in late-stage
tumors in women younger than 40 years of age. According to
the critic,“the number of late-stage cancers appears to have
increased among the younger women from 5/100,000 to 6/
100,000 over the time period, a change of 20%.” He then
argues that if this rateofchange is applied to thedataweused
for older women, the rate of late-stage cancers would have
dropped “23%, which is more than 3 times the decline that
[we] suggest.”

The lower panel in Figure 1 reproduces the figure in our
report that the critic used toestimate the increase (withvalues
for 2009 and 2010 added and a regression of the late-stage
data).To describe the late-stage incidence as having increased
in unscreened women by 20% is not obvious in the figure.
According to the SEER program, the late-stage AAPC for
1976–2008 is 0.17 (CI:20.17 to 0.51), which is equivalent to
a total increase of 5.1% over 30 years and much less than the
visual 20% extrapolation by the critic. Moreover, the increase
wasnot statistically significant (p5 .31), with no increase at all

Table 1. Overdiagnosis estimates of breast cancer during 2006–2010 corrected for baseline incidence increases according to best

guess, extreme, and very extreme estimates, United States

Estimate

Observed Best guess Extreme estimate Very extreme estimate

Early Late Early Late Early Late Early Late

1976–1978 average incidence 111.6 102.3 111.6 102.3 111.6 102.3 111.6 102.3

Baseline incidence rate increasea 0.27% 0.53% 0.53%

2006–2010 average incidence
(observed or due to baseline increase)

236.5 94.3 120.8 110.8 130.8 120.0 130.8 127.7

Baseline incidence increase
1976–1978 to 2006–2010

9.3 8.5 19.3 17.7 19.3 25.4

2006–2010 average incidence
corrected for baseline increase

227.2 85.8 217.2 76.6 217.2 68.9

Baseline corrected change
from 1976–1978 to 2006–2010

115.7 216.5 105.7 225.7 105.7 233.4

2006–2010 overdiagnosis rate 30% 24% 22%

Assuming baseline increase rate
was constant from

1979 1979 1985b

All incidence rates are per 100,000.
aAverage annual percentage change derived by SEER*Stat for 1979–2010 in women aged,40, doubled for extreme and very extreme estimates.
bYear of the highest late-stage incidence ever recorded.
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well within the 95% confidence interval. [Update to 2010:
AAPC5 0.21 (CI: 0.09–0.51)].

The 35- to 39-year-old age group may be more represen-
tative of the underlying incidence trend in unscreenedwomen
becausemostof theunscreenedpopulation is in this agegroup
and it is the age group closest to the screened population of
401 years. The upper panel in Figure 1 shows this age group
and again demonstrates no significant increase in incidence in
late-stage disease, with the AAPC for 1976–2008 as 0.20 (CI:
–0.11 to 0.52) and p 5 .19, Hence, the decline that the SEER
data indicated for late-stage breast cancer in women older
than 40 years of age during 1976–2008 stands as reported at
8% as our best guess estimate and pales by comparison with
the 109% increase in early-stage disease. As stated by the
Nordic Cochrane Center, “When screening doesn’t decrease
advanced cancers, it cannot work” [7, 8].

BREASTCANCER INCIDENCE INCREASED1%PERYEARPRIOR

TO SCREENING MAMMOGRAPHY (1940–1970)
Figure 3 in the critic’s report states that “based on 1976–1978,
Bleyer and Welch estimate 0.25% per year increase in breast
cancer incidencehad therebeennoscreeningas their projected
baseline.”This is incorrect.Webasedthe incidenceincreaseover
a 30-year interval from 1979 to 2008 concurrent with the same
years that we evaluated for overdiagnosis.We did not base the
background increase “on 3 years,” as the critic repeats later in
the report. Instead, as described above, we derived the rate
from a contemporaneous unscreened population (women
younger than 40)whoseAAPC in incidence, togetherwith the
95% CI, was provided by the SEER program.

The critic states that in using 0.25% increase per year to
correct for a baseline increase in breast cancer incidence, we
“ignored far more robust data provided by the Connecticut
Tumor Registry going back 40 years to 1940,” which “showed
that the rateof invasive cancershadbeen increasing steadily at
1% per year.”What the critic does not mention is that we also
reported resultswithabaseline incidenceAAPCassumed tobe
0.50% as described above. This assumption resulted in an

overdiagnosis estimate of 26% of all cases of breast cancer,
including DCIS, diagnosed in the U.S. in 2008, in comparison
with31%with the0.25%peryearbaseline increaseassumption.
The estimated number of American women overdiagnosed to
have breast cancer, including DCIS, in 2008was 74,000with the
0.25%per year baseline assumption and 62,000with the 0.50%
per year baseline assumption.

The central issue of the baseline incidence trend iswhyany
increase 40 to 70 years ago during 1940–1970 should be used
to assume incidence patterns during 1980–2010.Why would
an estimate from themiddle of the last century be expected to
have continued during the past three decades? Why assume
that the baseline (background, underlying) breast cancer
incidencehas remainedconstantoveran interval of70years?
Data fromtheStateofConnecticut itself [8] underscore these
issues, as shown in Figure 2. None of the incidence trends
during 1935–1973 in the state’s 12 most frequent malignan-
cies other than breast cancer predicted the trend thereafter.
Nine declined, four accelerated, and one accelerated then
declined (Fig. 2). Six started in 1935, a near-zero incidence
(Fig. 2).

Theuniversal increase incancer incidenceduring1935–1975
and a predominance of either near-zero starts or decreasing
incidence are consistent with increased reporting and not a true
increase in incidence. These patterns are concordant with the
Connecticut Tumor Registry’s initial focus on survival and not
incidence, being limited in the beginning to cases admitted to
hospitals and by the challenges of World War II [9]. Eventually
reporting of all cases was fully implemented and true statewide
population-based incidence data became available after the
accrual “ramping up.” If anything, this consideration alone
would have predicted that the rate of increase in breast
cancer incidence in Connecticut would likely have slowed if
screening mammography had not been initiated.

Clearly, concurrent incidence trends in unscreened pop-
ulations provide a more accurate assessment. That is why
we chose for the same years during which we evaluated
overdiagnosis (1979–2008) to assess the incidence trends in

Figure 1. Annual incidence of early- and late-stage breast cancer in women younger than 40 years of age, 1976–2010, Surveillance,
Epidemiology,andEndResults9(lowerpanel reproducedfromFigure1ofBleyerandWelch[2]with2009and2010dataadded, inbrackets)and
inwomen35to39yearsofageatdiagnosis (upperpanel).Thestraightred linesare linear regressionsof the late-stage incidencefor1980–2010.
Lowerpanel fromNewEnglandJournalofMedicine,ABleyer,HGWelch,“Effectof threedecadesofscreeningmammographyonbreast-cancer
incidence”, 2012;367:1998–2005. Copyright © 2012Massachusetts Medical Society. Reprinted with permission.
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women younger than 40 years of age who were, with some
exceptions, not screened.The exceptions include womenwho
had a baselinemammogramat the age of 35 in preparation for
annual screeningat theageof40,asoncerecommendedbythe
American Cancer Society, and those considered to be at high
risk because of familial breast cancer or a known predisposing
mutation such as in BRCA1 or BRCA2. To the extent that these
exceptions also increased the incidence in women younger
than 40 years of age, we may have actually overestimated an

underlying incidence increasenotdue to screening.Moreover,
the trends in increased incidence in more modern times such
as due to older age at menarche [10], the choice to have a first
pregnancy later in life [10], and decreased and delayed breast
feeding [11, 12] are not onlymoreappropriate for theera since
1980 but also present, if not more so, in women younger than
40yearsof age.To relyon incidence trendsbefore these factors
became as prevalent as they are now cannot be as accurate as
concurrent trends.

Figure 2. Annual incidence of common cancers in women 40 years of age and older in Connecticut, 1973–2010.The solid blue lines are
linear regressions (with lungcanceranexception)of incidence ratesduring1935–1973.Thedottedblue linesareprojections to2010of the
trend prior to 1973.The solid brown lines are linear regressions of the Surveillance, Epidemiology, and EndResults (SEER) 1973–2010 era.
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In case there is concern that younger women are sub-
stantively different from older women in incidence patterns, we
compared the oldest of the unscreened, younger age group (age
35–39)with the youngest of the screened age group (age 40–44)
and found that (a) the incidence trends of invasive cancer (Fig. 3,
dotted curves) were parallel, and (b) the impact of screening did
not occur discretely in the 35- to 39-year-olds until 1983, before
which there was no evidence for an increase in incidence for the
8 years prior to 1976 (Fig. 3, red lines).The stable incidence for 8
years is unlikely due, as attributed by the critic, to the transient
increase for 2 years followed by a postincrease dip that may
occur with a population-wide surge in early detection.

The critic supports his preference for the 1% per year
baseline value by pointing out that “as would be expected,
SEERdata from2006–2009 show that the incidence of invasive
cancers, once again, began to increase and at a rate of 1% per
year.” On the contrary, SEER 9 data tell us that the annual
incidence of invasive breast cancer (excluding DCIS) in women
40 years of age and older that was not associated with
hormone-replacement therapy has been constant since 1987
at 275 (CI: 265–275) per 100,000 in all nine SEER registries and
relatively constant at 302 (CI: 285–317) in Connecticut (Fig. 4).
Connecticuthadahigherrateof invasivebreastcancerdetection
including localized disease, but no essential difference in
comparison with the SEER average in regional disease, both in
overall incidenceandreduction.Thisalsosuggests thata relative
steady state occurred during the past two decades and that the
trend of increasing incidence during 1940–1970 in Connecticut
is no longer directly relevant, as suggested by the data in
Figure2.Thecritic’sownFigure2,producedhere inFigure5with
an additional year (2010) of data added, does not demonstrate
an increase after 2003when the hormone-replacement peakof
increased incidence subsided (red circled portion) [4].

Let’s also examine the report on Connecticut data that the
critic relies on to eliminate overdiagnosis in his deductions.
The actual and only statement in the cited report regarding
incidence is from the American Cancer Society [13]: “Between
1940 and 1980, breast cancer incidence in this registry rose an
averageof1%peryear.”First,nodataareprovided inthereport
to substantiate the statement. Second, the “1% per year”was
likely rounded to the nearest whole number because no

decimal was provided. Third, the 1% per year estimate was
based on a single geographic registry that in 1950 was 1.3% of
the population of the U.S. Fourth, Connecticut has not been
typical of the rest of the U.S. in incidence patterns of breast
cancer as described below. Fifth, and most important, it
included thedistinct increase inbreast cancer incidenceduring
the 1970s that was due to a national increase in awareness
of breast cancer during the early 1970s and was further
precipitated in 1974 by the public announcements of breast
cancer diagnoses in First Lady Betty Ford and the Vice
President’s wife Happy Rockefeller, (the 1974–1975 spike in
the chart), as also mentioned by the author of the report that
criticizes our work. To some extent it also included the first
years of screening mammography that by the late 1970s was
estimated to be used by 5%–10%of age-eligiblewomen in any
given year [14].

Not only is Connecticut a small sample (∼1%) of the U.S., it
is not representativeof trends inbreast cancer incidence in the
U.S. As shown in Figure 6, the state has had, since 1973, the
greatest increase of all 9 registries in the incidence of early-
stage cancer (upper panel), which has been attributed to
Connecticut having one of the most effective statewide
screening mammography programs in the country [15]. It
has also had the highest increase of the 9 original SEER
registries in the incidenceofbreastcanceramongwomen35to
39years of age (lowerpanel), with a 1976–2010AAPC thatwas
2.4 times greater than the AAPC for all registries: 0.84 (CI:
0.47–1.23) versus 0.35 (CI: 0.14–0.57).That 35- to 39-year-old
women in Connecticut have had the greatest breast cancer
increase among the original SEER registries is likely due to the
impact of the state’s screening initiative and is supported by
the observation that the breast cancer AAPC for women
younger than 35 years of age is average among the original 9
SEER registries (supplemental online Fig. 2). By 2000–2010,
when data from 18 SEER registries became available, Con-
necticut was first in breast cancer incidence and had the only
registry with a rate exceeding 400 new cases per 100,000 per
year (supplemental online Fig. 3).

Abettersourceforthetrendprior tothescreeningeraarethe
National Cancer Institute surveys in multiple regions in the U.S.
specifically selected tobemore representative thanConnecticut

Figure 3. Annual incidence of breast cancer in 35- to 39- and 40- to 44-year-oldwomen, 1973–2010, Surveillance, Epidemiology, and End
Results 9. Dotted curves indicate invasive cancer and solid curves indicate all cancer, including in situ.
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of national incidence and trends. The survey in 1947–1948,
known as the second National Cancer Survey [15], included 10
metropolitanareas in three regionsof theU.S. (north, south, and
west). The survey in 1969–1971, known as the third National
Cancer Survey [16], covered nine geographic areas with
a combinedpopulationof 21millionpeople, 10.3%of theU.S.
population at the time, nearly 10-fold that of Connecticut.
Five of these areas reported breast cancer incidences in the
1950s and 1960s and ultimately became part of the SEER
registry system.

TheAmericanCancer Society report citeda report fromthe
National Cancer Institute that included the both the national
survey data and early SEER data in a graph (Fig. 7) that showed
that the rate per 100,000whitewomen increased from74.8 in
1950 to 76.9 in 1969 [17]. This graph also shows the increase
after 1970 (between the blue and purple vertical dashed lines)
due to the surge of national awareness of breast cancer during
the 1970s and the beginning of screening mammography as
described above. From the figure, the values of 74.8 and 79.9
per100,000white females for1950and1970, respectively, and
prior the onset of screening mammography and the surge in
breast cancer awareness indicate that the AAPCwas 0.35 prior
to 1970.The 0.35% per year from 1950 to 1970 is between the
assumptions of 0.25% and 0.5% per year for 1976–2008 that
we used for our analyses (supplemental online Fig. 4).

What if Connecticut with its higher-than-average increase
in breast cancer incidence is evaluated separately for

overdiagnosis? Figure 8 shows the state with its 1940–1975
trend for all breast cancer in women 40 years of age and older
[8] and the subsequent trends until 2010 for all, late-stage, and
early-stagebreast cancer in the sameagegroup, alongwith the
incidence of all breast cancer inwomen younger than 40 years
of age. If the AAPC of 0.62 generated from the increase in
women younger than 40 years of age is used for the baseline
incidence increase, the overdiagnosis rate during 2006–2010
was 25%. If an AAPC of 1.0% is applied under the assumption
thattherateduring1935–1975 isprojectedtooccuruntil 2010,
the overdiagnosis rate in the state was 15%.

And ifdespite all of the above concerns,wenonetheless use
a 1.0% per year increase in incidence for the national baseline,
we would still estimate that 880,000 and 34,000 women in the
U.S. were overdiagnosed during 1979–2008 and 2008, re-
spectively,withanoverdiagnosisrateof14%in2008(Fig.9). (For
1979–2010 and 2010, the respective values are 937,000 and
29,000.) And if Connecticut should be relied on, the state
itself has reported a 40% rate of overdiagnosis among its
breast cancer patients (Table 2) [18]. That 40% for Con-
necticut is higher than the national rate we derived is
consistent with Connecticut having a more aggressive
screening program and further underscores the impact of
overdiagnosis. That the rate of decrease in breast cancer
mortality by SEER region is independent of the amount of
screening conducted in the region [19] is also indicative of
a relative lack of screening benefit.

Figure 4. Steady state incidence since 1990 in invasive breast cancer not due tohormone-replacement therapy (HRT) inwomen40 years of
ageandolder inConnecticutandinSurveillance,Epidemiology,andEndResults(SEER)9.TheboldcurvesdesignateallnineSEERregistries; the
lighter curves represent Connecticut. Horizontal lines indicatemeanvalueafter impacton incidence stabilized and “HRTyears”are excluded.
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Finally, asaminorpointbutonethat is indicativeofanother
misunderstanding, Figure 2 in the critic’s report identifies the
incidence peak at 1999 as being due to “participation in
screening that plateaus in 1999 and incidence heads back
down to the baseline.” This is also not correct.The peak is due
to national use of hormone-replacement therapy that tran-
siently increased breast cancer incidence, as we explained in
the Methods section of our report (also shown in Fig. 4) and is
a widely accepted conclusion [4].

EXCLUSION OF DCIS FROM OVERDIAGNOSED CASES
OF CANCER?
Thecritic thenadmonishesustoexcludeDCIS inourearly-stage
breast cancer assessment. Yet, as we previously remarked
[20], how could we estimate overdiagnosis and not include
an abnormality that is detected nearly exclusively only by
mammography and is treated as cancer? As David Seidenwurm
of theDiagnosticDivisionofRadiologicAssociatesofSacramento
stated, “We cannot discuss mammography without DCIS any
more than we can discuss DCIS without mammography” [21].

Before beginning our analysis, we surveyed breast cancer
surgeons and medical oncologists at Harvard University/Dana
Farber Cancer Institute, the University of Texas MD Anderson
Cancer Center, and the University of North Carolina to
determine how they regard DCIS. Not only did every re-
spondent indicate that s/he would treat with either a total
mastectomy followed by at least 5 years of hormonal therapy
or with a lumpectomy and total breast radiation and the same
years of hormonal therapy, they also did so for all 12 in situ
categories that were not pure lobular carcinoma or lobular

carcinoma with other carcinoma in situ (Table 2). In addition,
the National Comprehensive Cancer Network recommends
cancer therapy forDCIS as follows in orderof preferencebased
on level of evidence: (1) lumpectomy with reresection if
margins are positive, without lymph node surgery and with
wholebreast radiationtherapy, followedby5yearsof tamoxifen
hormone therapy especially for those with estrogen-receptor
positive DCIS; (2) total mastectomy with or without sentinel
node biopsy and with or without breast reconstruction; (3)
lumpectomy with reresection if margins are positive, without
lymph node surgery and without whole breast radiation
therapy, followed by 5 years of tamoxifen hormone therapy
especially for those with estrogen-receptor positive DCIS. In all
cases, the National Comprehensive Cancer Network also
recommends risk assessment and reduction therapy for the
contralateral breast that may include mastectomy (bilateral)
and/or at least 5 years of tamoxifen or raloxifene therapy.

Moreover,prior to1980andscreeningmammography,SEER
data show that 6%of DCIS patients died of breast cancerwithin
20 years. Since 1985 and the advent of screening mammogra-
phy,however,thebreastcancer-specificdeathrateofall147,325
women in theSEERdatabasediagnosedwithDCIShasbeenonly
2.59% (CI: 2.43%–2.76%) at 15 years after diagnosis. Onemight
interpret this to be good news in that the prognosis of DCIS
appears to have improved. An alternative explanation is over-
diagnosis of nondisease, particularly in such a large number of
women.The15-yearDCISsurvival rate issohigh—it ismore than
97% and greater than any of the 20 most frequent cancers
includingnonmalignant subtypes (supplemental onlineTable 1)
and all of the other cancers shown in Figure 2— that the next
closest 15-year cancer-specific survival rate, for testicular
carcinoma in males, is 4 percentage points lower, at 93.5%
(supplementalonlineTable1). It ismore likely thatthediagnosis,
notprognosis,has“improved”by including casesofnondisease.
We think itwould be irresponsible not to includeDCIS in a study
of the population effects of screening because DCIS hardly
existed before screening mammography and is now nearly
always detected as a result of screening. The recent call from
breast cancer experts in medical oncology and surgery to
eliminate the word “carcinoma” from DCIS and rename the
entity as “indolent lesions of epithelial origin” [22] derives from
the current attitude of treating DCIS as cancer and the need to
stop treating all of it as cancer.

If we nonetheless exclude DCIS, the overdiagnosis rate
decreases from 31% to 18%. And if we not only completely
ignore all the reasons to include DCIS but also use the 1% per
year background incidence to completely accommodate the
critic, the result is that 325,000 of 5.3millionAmericanwomen
diagnosed to have breast cancer during 1979–2008 were
overdiagnosed.

USING [OUR] METHODS, THERE IS NO EVIDENCE OF

OVERDIAGNOSIS OF INVASIVE BREAST CANCER
The critic states the “there havebeen scientific studies that are
basedondirect patientdata that have shown that there is little
if any ‘overdiagnosis’” and that the “only way to directly
measure overdiagnosis is from the RCTs [randomized con-
trolled trials].” In making these points, the critic may have
missed the summary table of prior estimates of overdiagnosis
we provided in our original supplemental online Appendix

Figure5. Annual incidenceof invasivebreastcancer inwomenofall
ages,1975–2010,Surveillance,Epidemiology,andEndResults (SEER)
9. Adapted from age-adjusted SEER incidence of breast cancer
1975–2010 (figure in [1]),withanadditionalyear (2010)ofdata from
SEER added.The circled area designates the change in incidence, or
lack thereof, of invasive breast cancer incidence during 2003–2010.
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(repeatedhere in Table 3).The averageoverdiagnosis estimate
in 12 studies from seven countries, including results from
randomized controlled trials and retrospective general
population studies, was 31.5%, 28% among studies in which
the denominator was all cancer, and 24%, 33%, and 75% in 3
studies in which it was screen-detected cancers [18, 23–33].
Our best guess estimate of 31% is in the “middle of the pack.”

Furthermore, all of the RCTswere conducted decades ago.
The one RCT conducted in the U.S. began a half-century ago
(1963) and all the others except one beganmore than 30 years
ago (Table 4) [34–47]. The general population studies of
overdiagnosis have been conducted since 2000 and reported
during the last 7 years (Table 3). Reduced breast cancer
mortality was found back then in trials in Europe and the U.S.
but not in Canada. All-cause mortality was found to be
unaffectedbyscreening,however, inall of theRCTs.TheRCTsof
decades ago have been rendered less relevant today by (a)
subsequent improvements in diagnosis, staging, and treat-
ment, especially adjuvant therapy with hormonal therapy and
chemotherapy that was in its infancy during the years of the
RCTs; (b) improved efficiency, centralization, and increased
expertise within our health care systems; and (c) a markedly
increased breast cancer awareness as women seek medical
help (and undergo diagnostic mammography) much earlier
today if they find anything unusual. Ironically, increased
awareness confers less opportunity for screening mammog-
raphy to reduce the incidence of advanced cancer. Moreover,
retrospective analyses of the trials have revealed deficiencies
such as more surgery and radiation in women randomized to
be screened anddifferentialmisclassificationofcauseofdeath
in the favor of the screened group [48–50].

RCTs of screening interventions are much more complex
than treatmentRCTs,with lead timeand lengthbiases inherent
to screening trials that limit interpretation. Retrospective
populationstudieshavetheadvantageofanalyzingmorecurrent
trends, thoseof the immediatepastdecades insteadof themore
than fourdecadeswhenwomenwereenrolled in theRCTs. In the
most recent population study report, from the University of

Figure 6. Breast cancer incidence in SEER 9 registries since 1976. Upper panel: Increase in annual incidence of in situ and localized breast
cancer from prescreening mammography (1976–1985) to postscreening steady state (1995–2010), age 40 and older. Lower panel:
Average annual percentage change (AAPC) in breast cancer incidence 1976–2010 among women 35 to 39 years of age.

Figure 7. Incidence of breast cancer in white females from 1950
to 1985 according to five areas and Surveillance, Epidemiology,
and End Results (SEER) 9 data. All black elements are from the
original figure in Kessler et al. [17].
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Oxford, there was no evidence in England that declines in
mortality rates were consistently greater in women in age
groupsand cohorts that hadbeen screenedatall, or screened
several times, than in other (unscreened)women in the same
time periods, from 1971 to 2009 [51]. The RCTs designed
more than 30 years ago are just not of the quality of those
performed today.

Wewerealso criticized fornotaccounting for lead timeand
length bias. The most recent estimate on how long women
should be followed after they are screened to thoroughly

eliminate lead timebias is 30 years [52].Timeof assessment on
the RCTs averaged 12 years and ranged from 8 to 19 years
(Table 4). Our study covered 33 years of data, from 1976 to
2008 and now 35 years with updating to 2010.

As to evidence of overdiagnosis of invasive breast cancer
per se, we did estimate the frequency of overdiagnosis of
invasive breast cancer in our original report [2] under the
assumption that all cases of DCIS were overdiagnosed. This
analysis suggested that invasive disease accounted for about
half of all overdiagnoses and that about 20% of all invasive

Figure 8. Annual breast cancer incidence inwomen inConnecticut of age40 andolder since1935 [8] andbyextent ofdisease atdiagnosis
and of age younger than 40 years of age after 1973 when Connecticut became a Surveillance, Epidemiology, and End Results (SEER) site.
Abbreviation: DCIS, ductal carcinoma in situ.

Figure 9. Cumulative number of women diagnosed with early- and late-stage breast cancer since 1979, age 40 and older, Surveillance,
Epidemiology, and End Results 9.
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breast cancers were overdiagnosed, estimates that replicate
those ofother studies [26].To the extent that less than100%of
DCIS is overdiagnosed, the amount of invasive disease that is
overdiagnosed must be proportionately greater. Eliminating
DCIS does not eliminate the problem.

FAULTY SCIENCE? INTENTIONAL EFFORT TO DILUTE AND

CORRUPT ESTIMATES? WITHDRAW OUR REPORT?
On a personal note, these statements, repeated in part from
apriorop-ed [53],aredisappointing.After55yearsasastudent
of science, it is hard not being offended. I was an advocate for

screening mammography during the 1980s as an American
Cancer Society Professor of Clinical Oncology. During the
1990s, my research included neuroblastoma screening,
during which I overdiagnosed infants who were needlessly
treated with surgery and multiagent chemotherapy, before I
learned that this screening had no mortality benefit [54]. In
2005–2006, I codirected a phase II trial of lung cancer screening
[55]. I have also undergone colorectal and prostate cancer
screening and have since been studying cancer screening,
overdiagnosis, and overtreatment in adults and posting peer-
reviewed literature and commentary on these topics [56].

Table2. NationalComprehensiveCancerNetwork (NCCN)andbreastcancerexpert surveyof treatment recommendations for the

histologic types of in situ breast carcinoma

NCCN guidelines
Survey of breast cancer surgeons and
medical oncologists

ICD-O-9
code

Histologic type of in
situ breast cancer Surgery

Radiation if
lumpectomy

Hormone
therapy
(tamoxifen)

Aromatase
inhibitor if
postmenopausal

Expert
1
treat?

Expert
2
treat?

Expert
3
treat?

Expert
4
treat?

Expert
5
treat?

8500/2 Intraductal
carcinoma,
noninfiltrating
not otherwise
specified

Y Y Y Y Y Y Y Y Y

8501/2 Comedocarcinoma,
noninfiltrating

Y Y Y Y Y Y Y Y Y

8502/2 Secretory
carcinoma
in situ of breast

Y Y Y Y Y Y Y Y Y

8503/2 Noninfiltrating,
intraductal
papillary
adenocarcinoma

Y Y Y Y Y Y Y Y Y

8504/2 Noninfiltrating
intracystic
carcinoma

Y Y Y Y Y Y Y Y Y

8507/2 Intraductal
micropapillary
carcinoma

Y Y Y Y Y Y Y Y Y

8508/2 Cystic
hypersecretory
carcinoma
in situ

Y Y Y Y Y Y Y Y Y

8520/2 Lobular carcinoma
in situ

6
prophylaxis

Y for
prevention

N N N 6Y N

8522/2 Intraductal and
lobular
carcinoma
in situ

Y Y Y Y Y Y Y Y Y

8523/2 Intraductal with
other types
of carcinoma
in situ

Y Y Y Y Y Y Y Y Y

8524/2 Lobular carcinoma
in situ1 other
carcinoma in situ

6
prophylaxis

Y for
prevention

N N N 6Y N

8540/2 Paget disease,
mammary,
in situ

Y Y Y Y Y Y

8543/2 Paget disease in
situ &
intraductal
carcinoma

Y Y Y Y Y Y Y Y Y

Abbreviations: ICD, International Classification of Diseases; N, no; Y, yes.
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Both my coauthor and I are disappointed by the critic’s
comments because to mitigate the problem of overdiagnosis,
primarycarepractitioners, surgeons, oncologists, and thepublic
health community will all need the help of our colleagues in
mammography. And the first step in addressing any problem is
to acknowledge it. Another concern is that the critic may have
conflicts of interest that could impact his outlook on this subject.

We believe that we have an ethical responsibility to alert
womentothisphenomenon.Mostpatient-educationaidsdonot

evenmention overdiagnosis, andmost women are not aware of
its possibility. A recent poll in Australia demonstrated how little
women in Sidney suburbs knew about overdiagnosis associated
with screening mammography [57]. Effective communication
aboutoverdiagnosisofbreastcancerwill requiregreatcare—and
evaluation to determine how best to do it; otherwise, women
may become fearful or angry. Just because communicatingwith
patientswill bedifficult doesnotmean thatwe shouldnot tackle
this problem. Informed women deserve no less when deciding

Table 3. Studies of breast cancer overdiagnosis associated with screening mammography (supplemental online Appendix in [2])

Year/study Setting Approach Denominator Population
Overdiagnosis
estimate

2004 Norway and
Sweden

Age-specific incidence trends after
screening advent, comparing screened
vs. nonscreened age groups

All invasive
cancers

Age 50–69 One third

Zahl et al. [23]

2006 Connecticut, U.S. Long-term (40 years) period- and
cohort-stage-specific incidence and
mortality rates in an entire state

All breast Age 50–69 40%a

Anderson et al.
[18]

cancers

2006 Malmö, Sweden Long-term (15 years) follow-up of
women randomized to screening

Screen-detected
cancers

Age 45–69 24%b

Zackrisson et al.
[24]

2008 Four counties
in Norway

Staggered age-matched cohorts of
women before and after the
introduction of screening

All invasive
cancers

Age 50–69 22%

Zahl et al. [25]

2009 Denmark Long-term (13 years) follow-up of areas
with and without screening in
comparison with 20-year prescreening
trends

Screen-detected
cancers

Age 50–69 33%

Jørgensen et al.
[26]

2009 Variousc Incidence trends among women
targeted for screening, correcting for
lead time using incidence in older
women

Mixedc Screening age One-third

Jørgensen and
Gøtzsche [27]

2010 New South Wales,
Australia

Incidence trends since the advent of
screening vs. estimated rate without
screening, correcting for lead time

All invasive
cancers

Age 50–69 30%–42%d

Morrell et al.
[28]

2010 Catalonia, Spain Observed vs. expected incidence if
women used mammography as
reported in health surveys

All invasive
cancers

All womenborn
in 1950

47%

Martinez-Alonso
et al. [29]

2012 Two counties in
Sweden

Screened vs. nonscreened areas
correcting for lead time and baseline
incidence; 8-year follow-up

All invasive
cancers

Age 40–49 5%

Hellquist et al.
[30]

2012 Entire country of
Norway

Incidence trends for 10 years before and
10 years during regions of country
without and with screening programs

All invasive
cancers

Age 50–69 15%–25%

Kalager et al. [31]

2012 Seven counties in
Norway

Incidence trends followed for 14 years
after screening mammography advent,
correcting for hormone-replacement
therapy effect

Screen-detected
cancers

All women ?75%e

Zahl and Mæhlen
[32]

2012 Florence, Italy Personal preferences determined
whether a woman attended or did not
attend the Florentine Screening Project

All breast Age 60–69 10%

Puliti et al. [33] cancers

2012 SEER 9 sample of
entire U.S.

Stage-specific trends during 30 years of
screening mammography

All breast Age 401 31%

Bleyer and Welch
[2]

cancers

Estimates of overdiagnosis vary for several reasons, including (a) different settings (different diagnostic thresholds), (b) different methods used to infer
overdiagnosis, and (c) different denominators (cancer endpoints; e.g., all cancers, invasive cancers, screen-detected cancers).
aEarly-stage tumors increased 152% (53–134 per 100,000 woman-years) and late-stage tumors fell 16% (56–47 per 100,000 woman-years).
bOf screen-detected breast cancers failing to appear clinically in next 15 years (http://www.bmj.com/cgi/content/full/332/7543/727).
cSystematic review.
dDepending on method used.
eCalculated from the report.
Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
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about breast cancer screening, particularly as recently reported,
if the amount of distress of a false-positive mammogram is the
same forat least half ayearandnot fully recoveredat threeyears
afterward as it is for those who are diagnosed to have breast
cancer and treated with mastectomy or lumpectomy and
radiation and hormonal therapy [58].

Screeningmammographydoeshavesomebenefits.Wedid
find objective value to screening in our analyses (e.g., the 8%
reduction in late-stagecancer), andwedonotagreewith those
who argue that all breast cancer screening should cease [59].
On the contrary, prior research, has shown some benefit in
breast cancer mortality reduction, albeit not all-cause mortal-
ity (Table 4), and decreased morbidity from diagnosis at an
earlier stage requiring less therapy. For a distinct minority of
American women (who we cannot identify), screening is
beneficial. What we recommended was that women should be
offered the choice after understanding more about potential
harms, including overdiagnosis, than they generally have in the
past.This author supports the 2009U.S. Preventive Services Task
Force recommendations of 13 mammograms from age 50 to 75
at every-other-year intervals [60] instead of older guidelines of
annual mammograms from age 40 on that would administer as
many as 40 or more mammograms in the average woman’s
lifespan. As with all screening procedures, however, even the
more conservative U.S. Preventive Services Task Force recom-
mendationsharborharmsthatneedbetterheedbyprofessionals,
our patients, and the public.

The question is whether on balance screening may be
doing more harm than good [61]. Perhaps the situation is
best described by Joann G. Elmore, M.D., M.P.H., and
Suzanne W. Fletcher, M.D., of the University of Washington

School of Medicine and Harvard Medical School, respec-
tively, who in April of last year predicted that the challenge
of breast cancer overdiagnosis will get worse, especially in
the U.S. [62]:

Instead of focusing on the exact extent of overdiagnosis,
it is time to agree that any amount of overdiagnosis is
serious and to start dealing with this issue now.
Ultimately, better tools are needed to reliably identify
which breast cancer will be fatal without treatment
and which can be safely observed over time without
intervention, but we cannot wait for these tools to be
developed. Mammographers, especially those in the
United States, could help by considering changes in the
threshold for calling a mammographic feature abnor-
mal. Evaluating strategies for observing change in
some lesions over time instead of recommending an
immediate biopsy has been suggested. This may be
a tough sell for women with anxiety as a result of the
“watch-and-wait” approach, as well as for radiologists
who do not want to miss any sign of disease and fear
malpractice lawsuits. Nevertheless, unless serious
efforts are made to reduce the frequency of over-
diagnosis, the problem will probably increase as newer
imaging modalities, such as breast magnetic resonance
imaging, are introduced.
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