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Background: The introduction of screening mammog-

Results: As expected, before the age-matched controls were

raphy has been associated with sustained increases in
breast cancer incidence. The natural history of these
screen-detected cancers is not well understood.

invited to be screened at the end of their observation period, the cumulative incidence of invasive breast cancer was
significantly higher in the screened group than in the controls (4-year cumulative incidence: 1268 vs 810 per 100 000
population;relativerate,1.57;95%confidenceinterval,1.441.70). Even after prevalence screening in controls, however,
the cumulative incidence of invasive breast cancer remained
22% higher in the screened group (6-year cumulative incidence: 1909 vs 1564 per 100 000 population; relative rate,
1.22; 95% confidence interval, 1.16-1.30). Higher incidence
was observed in screened women at each year of age.

Methods: We compared cumulative breast cancer in-

cidence in age-matched cohorts of women residing in 4
Norwegian counties before and after the initiation of biennial mammography. The screened group included all
women who were invited for all 3 rounds of screening
during the period 1996 through 2001 (age range in 1996,
50-64 years). The control group included all women who
would have been invited for screening had there been a
screening program during the period 1992 through 1997
(age range in 1992, 50-64 years). All women in the control group were invited to undergo a 1-time prevalence
screen at the end of their observation period. Screening
attendance was similar in both groups (screened, 78.3%,
and controls, 79.5%). Counts of incident invasive breast
cancers were obtained from the Norwegian Cancer Registry (in situ cancers were excluded).

Conclusions: Because the cumulative incidence among

controls never reached that of the screened group, it appears
thatsomebreastcancersdetectedbyrepeatedmammographic
screening would not persist to be detectable by a single mammogram at the end of 6 years. This raises the possibility that
the natural course of some screen-detected invasive breast
cancers is to spontaneously regress.
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T

HROUGHOUT E UROPE —
including Denmark,1 Italy,2
Norway,3 Sweden,3 and the
United Kingdom4—the initiation of screening mammography has been associated with increased breast cancer incidence among
women of screening age. If all of these
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newly detected cancers were destined to
progress and become clinically evident as
women age, a fall in incidence among older
women should soon follow. The fact that
this decrease is not evident raises the question: What is the natural history of these
additional screen-detected cancers?
We consider herein the possibility of
spontaneous regression in screen-detected
invasive breast cancer. We make use of an
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exceptional natural experiment—the rapid
and comprehensive introduction of biennial screening mammography in 4 Norwegian counties—to compare 6-year cumulative breast cancer incidence in a cohort
of women aged 50 to 64 years at the start
of the program with that of an age-matched
cohort from 4 years earlier. The timing for
this control cohort was chosen to overlap
with the introduction of mammography and
thus included a single 2-view mammogram
(prevalence screen) at the end of the period.
If spontaneous regression did not occur (ie,
if all screen-detected breast cancers were
to progress or even remain the same size),
the cumulative incidence in the 2 cohorts
would therefore be expected to be equal.
METHODS

STUDY POPULATION
Norwegian Breast Cancer
Screening Program
The Norwegian Breast Cancer Screening Program is a program of 2-view biennial screen-
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tablished in 1951 and has been demonstrated to register virtually all cancers diagnosed in Norway by using the national
personal identification number system to link information from
several sources.8 The denominators for our incidence calculations—the number of women in each 1-year age group for each
year of our analysis—were obtained from Statistics Norway, Oslo.

STATISTICAL ANALYSIS
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Figure 1. Study design: a comparison of the 6-year cumulative incidence
of invasive breast cancer among women who received biennial screening
vs controls who received only a prevalence screen at the end of their
observation period.

ing mammography initiated in 1996 by the Ministry of Health
and Care Services. The program invited women aged 50 to 69
years to undergo a first round of screening in 1996-1997, a second round in 1998-1999, and a third round in 2000-2001.
Our study population was drawn from women residing in 1
of 4 counties (Akershus, Oslo, Rogaland, Hordaland) during the
period 1992 through 2001. The mobility in this population was
low (approximately 1.2% of women aged 50-69 years move each
year, mostly to another municipality within the 4 counties5) and
the participation in screening was high (80%, 79%, and 78% participation for the 3 screening rounds, respectively6,7). The screened
and control group were selected so that both groups were potentially eligible for screening over a 6-year period (Figure 1).

Screened Group (1996-2001)
The screened group included all women who were invited for
screening (age range, 50-69 years) in all 3 rounds (first, second, and third round) from 1996 through 2001. Thus, the
screened group was restricted to women aged between 50 and
64 years (inclusive) in the year 1996 (and who were therefore
aged 55-69 years at the end of the analysis 5 years later in 2001).

Control Group (1992-1997)
The control group included all women who would have been
invited for screening (age range, 50-69 years) had there been a
screening program during the period 1992 through 1997. Thus,
the control group was restricted to women between the ages
of 50 and 64 years (inclusive) in the year 1992 (and who were
therefore aged 55-69 years at the end of the analysis 5 years
later in 1997). Because this period includes the years 19961997 (the first 2 years of the Norwegian Breast Cancer Screening Program), all women in this group were invited to undergo a 1-time prevalence screen at the close of the period.

ASCERTAINMENT OF OUTCOME
Our primary outcome was the cumulative incidence of invasive breast cancer over a 6-year period. In situ cancers, such as
ductal carcinoma in situ, were specifically excluded in the calculation of this cumulative incidence. The annual number of
incident invasive breast cancers (1992-2001) for women of each
year of age was obtained from the Norwegian Cancer Registry.
This computerized population-based cancer registry was es-

We calculated the annual incidence of invasive breast cancer
in the screened and control group and compared the cumulative incidence in women in the screened group with agematched women in the control group at 2, 4, and 6 years. We
then calculated the relative rate (RR) for being diagnosed with
invasive cancer (screened vs control) and estimated 95% confidence intervals (CIs) using Poisson regression. Because the
1996-1997 cells contribute data to both the screened and control group in the 6-year analysis, we also empirically estimated 95% CIs using a bootstrap technique (simulating the distribution of rates for each age group/year cell).9
We also sought to determine how the effect was modified by
age. Because the annual number of invasive breast cancers among
women at any year of age (eg, 50 years) is small, we collapsed
women into 4-year age groups at entry (eg, 50-53 years, 51-54
years, 52-55 years, and so on through age 61-64 years) and report the RR for each age group. These RRs represent a moving
average of how the effect of being in the screened group is modified by age. The 4-year age groups serve another purpose. In our
overall analysis (age 50-64 years at entry), a substantial number
of women contribute information to both the screened and control group (although at a different point in their life, eg, a 50year old woman at entry in the control group will be 54 years old
at entry in the screened group). In the 4-year age groups, no individual can appear in both the screened and control group. In
an effort to illustrate our method, an appendix that provides the
detailed RR calculation for a single 4-year age group (women aged
56-59 years at entry) is provided online (http://www.vaoutcomes
.org/downloads/Appendix_Table.pdf).
RESULTS
Table 1 gives the characteristics of the screened and control group. Because both groups consist of women aged 50
to 64 years at the start of the observation period, the finding that their mean age is about the same is expected. Furthermore, their educational attainment and family income are also similar. More important, however, is the
comparability of their reproductive history—a key risk factor for breast cancer. The proportion that is nulliparous,
mean age at first birth, and the number of births are all similar. Finally, both groups had similarly high attendance at
screening at the end of the observation period (78.3% of
screened women attended the third round of screening;
79.5% of controls attended the prevalence screen).
As expected, invitation to the first round of mammography was associated with a dramatic rise in invasive breast
cancer incidence in the screened group relative to agematched controls (2-year cumulative incidence, 660 vs
384 per 100 000 population; RR, 1.72 [95% CI, 1.531.94]). As time passed and cancer in the control group
had the opportunity to become clinically evident, the difference narrowed (4-year cumulative incidence, 1268 vs
810 per 100 000 population; RR, 1.57 [95% CI, 1.441.70]). Even after prevalence screening in controls, however, the cumulative incidence of invasive breast cancer
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Table 1. Comparability of Screened and Control Group
Screened Group, Control Group,
Age 50-64 y
Age 50-64 y
in 1996
in 1992

No. of women at the start of
observation period
Starting age, mean, y
Educational level, %
Some high school
Completed high school
Some college
Completed college
Family income, a mean, kr (US$)

119 472

109 784

56.8

57.4

69.5
10.8
11.7
8.0
266 000
(41 900)

74.0
10.0
10.4
5.7
239 000
(37 600)

Reproductive history
Nulliparous, %
Age at first birth, mean, y
No. of births, mean
Attendance at screening at the end of
observation period, third round
screened group and prevalence
screen control group, %

Expected
2000

First round

Second round

16.3
25.0
2.20
79.5

a Gross income (including social benefits and child support, minus tax) in

Norwegian kroners in 1989.

remained 22% higher in the screened group (6-year cumulative incidence, 1909 vs 1564 per 100 000 population; RR, 1.22 [95% CI, 1.16-1.30]). The expected and
observed cumulative incidence over the 6-year period is
shown in Figure 2.
Higher incidence was observed in screened women at
each year of age. Table 2 gives the cumulative incidence
for each 4-year age group in the analysis as well as the risk
of breast cancer diagnosis in the screened group relative
to controls. The RR is significantly elevated (⬎1) in each
group except the very oldest (starting age, 61-64 years).
EFFECT OF EXTENDED FOLLOW-UP
To determine how sensitive our results are to the length
of follow-up, we repeated the analysis using 8 years of observation for both the screened (1996-2003) and control
group (1992-1999). This analysis compares 4 biennial
screening rounds (over 8 years) in the screened group with
4 years without screening followed by 2 biennial screening rounds (over 4 years) in the control group. In other
words, it addresses the concern about the imperfect sensitivity of mammography by allowing the control group to
have 2 screening rounds to identify cancer. Extending follow-up, however, had little effect on the excess incidence
observed (8-year cumulative incidence, 2580 vs 2152 per
100 000 population; RR, 1.20 [95% CI, 1.14-1.25]).
COMMENT

Because most cancers that are detected are also treated,
there are only a few reports documenting spontaneous regression of breast cancer.10,11 However, spontaneous regression of advanced cancer has long been recognized in
metastatic melanoma12 and metastatic renal cell carcinoma,13 and, in fact, such observations have motivated the
interest in immunotherapy in these settings.14 Further-
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Figure 2. Expected and observed cumulative incidence of invasive breast
cancer among women who received biennial screening vs controls who
received only a prevalence screen at the end of their observation period.
A, What would be expected given the conventional model of cancer
progression: invasive breast cancers in the control group that would have
been detected by regular screening ultimately either progress to be detected
clinically or persist to be detected by the prevalence screen. Thus, the 6-year
cumulative incidence would be the same in both groups. B, What was
observed in our study: a deficit in cumulative incidence persists in the
control group following the prevalence screen. CI indicates confidence
interval; RR, relative rate.

more, more systematic investigations of spontaneous regression are beginning to be reported in the context of
screen-detected abnormalities. There are data suggesting
that regression routinely occurs in colonic adenomas (both
from the National Polyp Study15 and others16) and a growing literature documenting regression in precancerous lesions of the cervix.17,18 Documentation of regression in
screen-detected cancer is limited to neuroblastoma, for
which investigators have found that screening detects far
more cancer than will ever become clinically apparent19
and that a substantial proportion regress.20
The rapid and comprehensive introduction of screening among women aged 50 to 69 years in Akershus,
Oslo, Rogaland, and Hordaland counties offers an exceptional opportunity to examine the possibility of
regression in screen-detected breast cancer. Some of us
(P.-H.Z. and J.M.) have reported elsewhere on the surge
in incidence that ensued and argued that, because it was
not compensated by a drop in incidence among women
older than 69 years, much of the increase represented overdiagnosis.3 Herein, we investigated the issue further by
comparing cumulative breast cancer incidence over 6 years
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Table 2. Effect of Age on the Relative Rate of Breast Cancer Detection
6-Year Incidence of Invasive Breast Cancer,
No. of Cases per 100 000 Population

Start

End

Screened, 3 Screening Rounds

Control, No Screening → Prevalence Screen

Relative Rate
(95% Confidence Interval),
Screened/Control

50-53
51-54
52-55
53-56
54-57
55-58
56-59
57-60
58-61
59-62
60-63
61-64
Overall
50-64

55-58
56-59
57-60
58-61
59-62
60-63
61-64
62-65
63-66
64-67
65-68
66-69

1788
1785
1788
1898
1937
1955
2043
2014
2091
2065
1966
1936

1386
1413
1475
1592
1667
1636
1600
1515
1543
1632
1706
1759

1.29 (1.14-1.46)
1.26 (1.12-1.43)
1.21 (1.07-1.37)
1.19 (1.05-1.35)
1.16 (1.03-1.32)
1.19 (1.05-1.36)
1.28 (1.13-1.45)
1.33 (1.17-1.51)
1.36 (1.19-1.54)
1.27 (1.12-1.44)
1.15 (1.02-1.30)
1.10 (0.97-1.25)

55-69

1909

1564

1.22 (1.16-1.30)

Age Group, y

in age-matched cohorts of women before and after the
initiation of biennial mammography.
We found that the initiation of screening was associated with a substantial rise in incidence in the screened
group relative to controls—a finding that is expected as the
time of diagnosis is advanced (and a finding that is, in fact,
necessary if screening is to reduce mortality). We also found,
however, something much less expected—the excess incidence did not completely disappear following a prevalence screen in the control group. Thus, it appears that some
invasive breast cancers detected by repeated mammographic screening would not persist to be detectable by a
single screening at the end of 6 years. In other words, the
natural course for some screen-detected breast cancers may
be to spontaneously regress.
Although not widely known, there are corroborating data
from randomized trials of mammography. A long-term follow-up of the Malmö trial recently reported a 10% rate of
overdiagnosis 15 years after the trial was completed, most
of which was diagnosed as invasive cancer.21 When calculated in terms of the cancers detected during the intervention period (as is reported herein), this extra diagnosis corresponds to an excess incidence of 19% (RR, 1.07-1.33).22
Both Canadian trials23,24 reported that a portion of the invasive breast cancers detected in the screening arm never
presented in the control arm, despite screening for 4 years
following the end of the trial. In the Canadian trial of women
aged 50 to 59 years, the excess incidence in the screened
group was about 7% (RR, 1.07; 95% CI, 0.96-1.19). Although this is a small effect relative to that reported herein, it reflects that the control group was not truly unscreened, but instead regularly screened via physical
examination. The effect of the regular screening among controls was evident by aspiration, needle biopsy, and surgical biopsy rates that were only slightly lower than those of
the mammography arm.25 The Canadian trial of women aged
40 to 49 years had a truly unscreened control group and is
thus the most comparable to our study. In this trial the excess incidence in the screened group was 22% (RR, 1.22;
95% CI, 1.09-1.37), essentially matching our finding.

ALTERNATIVE EXPLANATIONS
FOR INCREASED INCIDENCE
It is important, of course, to consider alternative explanations for the increased incidence we observed in the screened
group. One possibility is that the case ascertainment in the
Norwegian Cancer Registry became more complete over the
period. However, during the period, the registry was documented to have almost perfect (98%-99%) solid tumor ascertainment rates,26,27 and its reported breast cancer incidenceamongwomennotofscreeningage(ie,age30-49years
and ⱖ70 years) was remarkably constant.3 Another possibility is that screened and control groups are not comparableintermsoftheirriskofdevelopingbreastcancer.Table1,
however, demonstrates just how similar the 2 groups are,
an ensured similarity given our staggered cohort design in
which a substantial number of women contribute information to both groups (albeit at different periods in their life).
Some might argue that our finding of increased incidence in the screened group reflects the increasing sensitivity of mammography. A number of factors leading to increased sensitivity over time could be hypothesized, such
as the following: the interpretation skills of mammographers may be increasing with practice, prior mammograms may be increasingly available for comparison, and
the technology itself may be improving. The available data,
however, suggest that the sensitivity is stable. First, the mean
diameter of screen-detected tumors showed little change
over the period (14.4 mm in 1998-1999 and 14.0 mm in
2000-2001).7 Second, the incidence among women aged
50 to 51 years—those being invited to screening for the first
time—did not increase over time (annual incidence, 281
per 100 000 in 1996-1997, 286 per 100 000 in 1998-1999,
and 260 per 100 000 in 2000-2001). Finally, estimated sensitivity (the ratio of screen-detected cases over the sum of
screen-detected cases and interval cancers in the subsequent 2 years) itself did not increase (77.7% after the first
round and 74.0% after the second round).7
Another possibility is that excess incidence reflects a temporal increase in the underlying incidence of breast can-

(REPRINTED) ARCH INTERN MED/ VOL 168 (NO. 21), NOV 24, 2008
2314

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com at Principado de Asturias, Consejer¡a de Sanidad, on November 26, 2008
©2008 American Medical Association. All rights reserved.

cer. To explain an increase of the magnitude we observed,
however, would require a dramatic increase in cancer incidence. There are no population-based data to support this;
the annual increase in breast cancer incidence in these 4
counties before screening was less than 1% per year.3 Because our comparison groups involve observation periods
only 4 years apart, rising underlying incidence can explain only 4% of the increased incidence reported herein.
Nevertheless, one could posit a dramatic change in one
exposure relevant to the development of breast cancer,
ie, hormone therapy (HT) (estrogen⫹progestin), which
was associated with a 24% increase in invasive breast cancer incidence in the Women’s Health Initiative randomized trial.28 In fact, there was a substantial increase in mean
HT exposure in women residing in the 4 counties between the 2 periods: according to data from the Norwegian Institute of Public Health, approximately 32 000
women were treated in the period 1992 through 1997
and 46 000 in the period 1996 through 2001.
In a sensitivity analysis assuming an extreme condition, ie, that all these women were in the age group analyzed herein (age 50-64 years at entry), we calculated that
the addition of 14 000 women at higher risk (because of
HT) within the approximately 119 000 women in the
screen group would explain less than 3% of the increased incidence reported herein (24% ⫻ 14 000/
119 000=2.8%). Even assuming the most extreme condition possible, ie, no HT use in the control group and
46 000 women using HT in the screened group, explains less than 10% of the observed effect (24%⫻46 000/
119 000=9.3%). The small influence of HT is also supported by the observation of constant breast cancer
incidence from 2002 through 2005, during which the sales
of estrogen-progestin combinations dropped 60%.29
Then again, there are 2 reasons to posit that our results might underestimate the increased incidence associated with screening and thus underestimate the frequency of regression among screen-detected cancers. First,
some women in the control group undoubtedly had a mammogram prior to their prevalence screen. A questionnaire given to women at the time of the prevalence screen
revealed that about one-half had had a previous mammogram, suggesting that opportunistic screening (screening
outside of an organized program) occurred in the 4 counties during the period 1992 through 1995.30 Second, attendance for mammography was not 100% in the screened
group. This contamination of both the screened and control groups tends to bias our results toward the null and
make our finding an underestimate of the true effect of
mammography on cumulative incidence.
THE CASE FOR REGRESSION
The finding of increased incidence leads to an obvious question: What happened to those extra cancers that likely existed in the control group, yet were never detected? Two
possibilities exist: (1) they regressed or (2) they remained
dormant and then were missed on the prevalence screen.
Could a substantial population of dormant, stable cancers—cancers that neither progress nor regress—explain
the excess incidence in the screened group? To answer this,
consider a simple example in which there are 2000 can-

cers available for detection over 6 years in both the screened
and control groups. Furthermore, consider an extreme condition, namely, half the cancers are stable and the sensitivity of mammography for these lesions is 50%. One thousand progressive cancers are detected either clinically or
by screening in both groups (because both groups include a screen at the end of the period, progressive subclinical cancers at close of study are detected equally).
Among the 1000 stable cancers in the control group, 500
are detected by the prevalence screening, making the total
detection among controls 1500 (1000⫹500). Among the
1000 stable cancers in the screened group, 500 are detected in the first round of screening. Among the remaining 500, 250 are detected in the second round, and among
the remaining 250, 125 are detected in the third round. The
total detection among the screened group is then 1875
(1000⫹500⫹250⫹125). This example, with relatively extreme numbers, leads to a cumulative incidence ratio of 1.25.
This example highlights that for our findings to be explained by stable cancers, not only must they be very common, but also the incidence of cancer must drop in the
screened group as screening continues. A drop between the
first and second round is always expected as prevalent progressive cancers are detected by the first screening, as was
observed in our study (incidence of invasive cancer per
100 000 population was 350 in the first round and 295 in
the second round). However, with a high proportion of
stable cancers, a continued drop between the second and
third round would be expected as the reservoir of stable
cancers is depleted. No such drop was observed; the incidence per 100 000 population was 295 in the second round
and 293 in the third round. Constant incidence in the second and third rounds were also reported in Canada.21
If we add 1 more screening round to both groups in the
prior example, the cumulative incidence ratio drops to 1.11.
However, when we repeated our analysis after extending
the follow-up to recreate this condition (comparing 4 rounds
in the screening group with 2 rounds in the controls), we
found little reduction in the incidence ratio (1.20 vs 1.22).
Thus, the existence of a substantial reservoir of stable cancers seems improbable, and we believe that the most tenable explanation of our findings is that some screendetected breast cancers spontaneously regress.
Although many clinicians may be skeptical of the idea,
the excess incidence associated with repeated mammography demands that spontaneous regression be considered carefully. Spontaneous regression of invasive breast
cancer has been reported, with a recent literature review identifying 32 reported cases.31 This is a relatively
small number given such a common disease. However,
as some observers have pointed out, the fact that documented observations are rare does not mean that regression rarely occurs. It may instead reflect the fact that these
cancers are rarely allowed to follow their natural course.32
Another piece of supporting evidence for regression
comes from the Wisconsin Breast Cancer Epidemiology
Simulation Model.33 It uses a stochastic simulation to replicate breast cancer incidence and mortality rates in the
US population during the period 1975 through 2000,
when screening was introduced. To fit the observed statistics, it was necessary to postulate that approximately
40% of initiated breast cancers fell in a class of so-called
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limited malignant potential, ie, tumors that “progress to
a maximum of approximately 1-cm diameter, dwell at this
size for 2 years, and then regress if undetected.”33(p43)
It is important to further test the possibility of regression by analyzing data from other screening programs.
One condition for confirming the possibility of regression, ie, that the introduction of the screening program
has caused a marked and sustained increase in incidence, seems to be present in almost all 40 counties in
Norway and Sweden.34 Why and how such regression may
occur and whether the regression is complete are questions of considerable biological and clinical interest.
Finally, it is also important to emphasize that our findings have no bearing on the debate on whether screening
mammography reduces breast cancer mortality. Our findings are equally consistent with the possibility that mammography either leads to a reduction in breast cancer mortality or has no effect at all. Instead, our findings simply
provide new insight on what is arguably the major harm
associated with mammographic screening, namely, the
detection and treatment of cancers that would otherwise
regress.
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