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ABSTRACT

BACKGROUND

A challenge in quantifying the effect of screening mammography on breast-cancer
mortality is to provide valid comparison groups. The use of historical control subjects
does not take into account chronologic trends associated with advances in breast-
cancer awareness and treatment.

METHODS

The Norwegian breast-cancer screening program was started in 1996 and expanded
geographically during the subsequent 9 years. Women between the ages of 50 and 69
years were offered screening mammography every 2 years. We compared the inci-
dence-based rates of death from breast cancer in four groups: two groups of women
who from 1996 through 2005 were living in counties with screening (screening group)
or without screening (nonscreening group); and two historical-comparison groups
that from 1986 through 1995 mirrored the current groups.

RESULTS

We analyzed data from 40,075 women with breast cancer. The rate of death was re-
duced by 7.2 deaths per 100,000 person-years in the screening group as compared
with the historical screening group (rate ratio, 0.72; 95% confidence interval [CI],
0.63 to 0.81) and by 4.8 deaths per 100,000 person-years in the nonscreening group
as compared with the historical nonscreening group (rate ratio, 0.82; 95% CI, 0.71 to
0.93; P<0.001 for both comparisons), for a relative reduction in mortality of 10% in
the screening group (P=0.13). Thus, the difference in the reduction in mortality be-
tween the current and historical groups that could be attributed to screening alone
was 2.4 deaths per 100,000 person-years, or a third of the total reduction of 7.2
deaths.

CONCLUSIONS
The availability of screening mammography was associated with a reduction in the
rate of death from breast cancer, but the screening itself accounted for only about a
third of the total reduction. (Funded by the Cancer Registry of Norway and the Re-
search Council of Norway.)
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N THE BASIS OF SEVERAL RANDOMIZED
clinical trials,*3 the World Health Organi-
zation concluded in 2002 that screening
mammography for women between the ages of 50
and 69 years reduced the rate of death from breast
cancer by 25%.* Nevertheless, the use of screening
mammography is still debated, chiefly because of
concern regarding methodologic limitations in
some of the randomized trials.5 In addition, the
benefit of mammography when implemented in a
population-based service program remains poor-
ly quantified. Therefore, continued evaluation of
breast-cancer screening programs is warranted.®
The main challenge in quantifying the reduc-
tion in mortality from nonrandomized screening
programs is to provide valid comparison groups.
Although historical, prescreening control groups
are often used, such a comparison has important
limitations because it does not take into account
confounding by chronological trends in breast-
cancer mortality, reflecting such factors as ad-
vances in breast-cancer awareness and treatment.
According to a statistical model based on data
regarding breast-cancer mortality in the United
States from 1975 through 2000, only half the ob-
served reduction in mortality was causally related
to the mammographic intervention itself, whereas
the other half was attributable to improved man-
agement.” To establish a valid comparison group,
we took advantage of several unique features of
the nationwide Breast Cancer Screening Program
in Norway, which was implemented by means
of gradual geographic expansion over a 9-year
period.

METHODS

SCREENING PROGRAM

Norway, with a total population of 4.8 million, has
a public health care system. Patients generally re-
ceive treatment in their county of residence, and
there is no private primary care for breast cancer.®
The nationwide Cancer Registry of Norway is close
to 100% complete.%1° Patients are identified in the
registry by their individually unique national reg-
istration number, which includes the date of birth.
The registry runs the Breast Cancer Screening Pro-
gram, which began as a pilot project in 4 of the 19
Norwegian counties in 1996. Two years later, the
government decided to expand the program, and
over a period of 9 years, the remaining 15 coun-
ties were enrolled in a staggered fashion*! (Fig. 1).

The rollout of the program followed no specific
geographic pattern. Since 2005, all women in the
country between the ages of 50 and 69 years have
been invited to participate in screening mammog-
raphy every 2 years.

Before enrollment in the program, each county
was required to establish multidisciplinary breast-
cancer management teams and breast units.'? As
a result, breast-cancer management became cen-
tralized for all residents within each county, and
dedicated teams of radiologists, radiologic tech-
nologists, pathologists, surgeons, oncologists, and
nurses managed the care of all patients, regardless
of age.

The screening program is organized with 26
stationary and 4 mobile screening units.'* The
Central Population Registry of Norway identifies
eligible women on the basis of their national reg-
istration number. Invitations are mailed to each
eligible woman, suggesting a time for an appoint-
ment.** Overall, 77% of all women who are in-
vited participate in the program.* In accordance
with European guidelines, mammograms are ob-
tained in two views, which are independently read
by two radiologists.'2

STUDY GROUPS
From Statistics Norway we retrieved information
on the Norwegian female population, according
to county, from January 1, 19806, through Decem-
ber 31, 2005.1° From the Cancer Registry, we re-
trieved data on all women who had received a di-
agnosis of invasive breast cancer, including age,
tumor stage, date and county of residence at di-
agnosis, date and cause of death, and informa-
tion on whether the diagnosis had been made
before or after the implementation of the screen-
ing program.

By comparing two current groups on the basis
of whether screening mammography was available
in the county, we would avoid confounding by
factors such as improvements in treatment and
heightened awareness, temporal changes that may
be associated with a reduction in breast-cancer
mortality. However, we could not make direct
comparisons between these two groups because of
the nonconstant risk of death from breast cancer
according to the time since diagnosis and differ-
ences in rates of death from breast cancer between
counties before implementation of the screening
program.*® To adjust for such differences and to
achieve equal follow-up time in each county, we
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Figure 1. The Four Study Groups, According to Region and Year.

The 19 counties were grouped into six regions according to the date of introduction of the screening program, which
was implemented throughout the country in a staggered fashion, starting in 1996. The screening group consisted of
women who received a diagnosis of breast cancer after the introduction of the screening program. The nonscreen-
ing group consisted of women living in regions where screening was not offered in the same calendar period that
screening was offered in other regions. The historical study groups consisted of women residing in the 19 counties

in the 10-year period before screening was offered. A screening round lasted for 2 years, and the first year of the
first round was included in both the screening and nonscreening groups (purple).

established two historical comparison groups that
mirrored the implementation of the screening pro-
gram during the 10-year period preceding the
screening program.

Thus, we defined four groups of women, in-
cluding those in whom a first invasive breast can-
cer had been diagnosed: two current groups of
women who from 1996 through 2005 were living
either in counties in which the screening program
had been implemented (screening group) or in
counties in which the program had not been im-
plemented (nonscreening group), and two histor-
ical-comparison groups that from 1986 through
1995 mirrored the county residence of the current
groups before the implementation of the screen-
ing program (Fig. 1) (see the Supplementary Ap-
pendix, available with the full text of this article
at NEJM.org).

As pointed out, each county was required to
establish multidisciplinary breast-cancer manage-
ment teams and breast units before enrollment
in the national screening program. As a result, the
screening program consists of two components:
screening mammography and care from multi-
disciplinary teams. For women between the ages
of 50 and 69 years who were invited to participate

in the program, the change in mortality after the
introduction of the screening program can be re-
lated to both the introduction of screening mam-
mography and the establishment of multidisci-
plinary teams. However, for women who were
outside the age range that was eligible for the
screening program (i.e., those between the ages of
20 and 49 years and those between the ages of 70
and 84 years) in the counties in which screening
was available, the change in mortality could be
related only to the establishment of multidisci-
plinary teams, since these women were not invited
to undergo mammography.

STUDY OVERSIGHT
The Norwegian Social Science Data Services ap-
proved the study, which was funded by the Can-
cer Registry of Norway and the Research Council
of Norway. The study was conducted in accordance
with the protocol, which is available at NEJM.org.

STATISTICAL ANALYSIS
We obtained information on breast cancer as the
underlying cause of death through regular linkage
between the Cancer Registry and the Cause of
Death Registry at Statistics Norway. To isolate the
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effect of the breast-cancer screening program, our
calculation of mortality in the screening group in-
cludes only deaths from breast cancer in women
who received the diagnosis after the screening pro-
gram was implemented (so-called incidence-based
mortality).'”*° The use of incidence-based mortal-
ity avoids the inclusion of breast-cancer deaths that
occurred after implementation of the screening
program but reflected diagnoses that were made
before the program was implemented. So as not to
bias our comparisons, we calculated the rate of
death in all groups using the incidence-based
method. All women in whom breast cancer was
diagnosed and who died of breast cancer after im-
plementation of the screening program were in-
cluded in the screening group, regardless of wheth-
er they received the diagnosis at a screening or a
diagnostic examination.

On the basis of the date of implementation of
the screening program in each county, we grouped
the 19 counties into six regions; each county
within a given region entered the program at ap-
proximately the same time (see the Supplementary
Appendix). We compared the rates of death sepa-
rately for each region. Thus, the regional compari-
sons have the same follow-up time. This group-
ing tended to reduce random variation resulting
from small numbers and permitted the evalua-
tion of changes in mortality in the same region
over a period of time. First, we compared women
in the nonscreening group with their historical
counterparts to determine the temporal change
in mortality that was not attributable to the intro-
duction of the screening program and that was
likely to reflect improved treatment and earlier
clinical diagnosis. Then, we compared women in
the screening group with their historical counter-
parts to determine the change in mortality after
implementation of the screening program. In this
second comparison, the difference in the rate of
death between the two groups can be attributed
both to the screening program and to temporal
trends in mortality that were unrelated to the
screening program. Thus, the reduction in mor-
tality that was related to the screening program
was the difference between the rate ratio for death
among women in the screening group as com-
pared with their historical counterparts and the
rate ratio for death among women in the non-
screening group as compared with their histori-
cal counterparts.

We estimated rates of death from breast can-

cer in the four study groups according to the age
at diagnosis (20 to 49 years, 50 to 69 years, and 70
to 84 years). All tests of statistical significance
were one-sided, and a P value of less than 0.05 was
considered to indicate statistical significance. (For
additional details on the statistical analysis plan,
see the Supplementary Appendix.)

RESULTS

SUBJECTS
A total of 40,075 women received a diagnosis of
breast cancer between 1986 and 2005. During the
follow-up period, 4791 of these women (12%) died
from breast cancer. Of the women who died, 423
(9%) had received the diagnosis after the intro-
duction of the screening program. The total fol-
low-up time for the study was 31,613,529 person-
years, with an average of 2.2 years and a maximum
of 8.9 years of follow-up for women with breast
cancer. Among women between the ages of 50 and
69 years, 6967 received a diagnosis of breast can-
cer between 1986 and 1995, as compared with
12,056 who received the diagnosis between 1996
and 2005. In the latter group, 7975 women (66%)
had been invited to participate in screening mam-
mography. In the first screening round, a total of
454,331 women had been invited.

Among women between the ages of 50 and 69
years in the screening group, the rate of death was
18.1 per 100,000 person-years, as compared with
25.3 per 100,000 person-years among their his-
torical counterparts, for a difference of 7.2 deaths
per 100,000 person-years (rate ratio, 0.72; 95%
confidence interval [CI], 0.63 to 0.81; P<0.001),
a relative reduction of 28% (Table 1 and Fig. 2).
Among women in the nonscreening group, the
rate of death was 21.2 per 100,000 person-years,
as compared with 26.0 per 100,000 person-years
among their historical counterparts, for a differ-
ence of 4.8 deaths per 100,000 person-years (rate
ratio, 0.82; 95% CI, 0.71 to 0.93; P<0.001), a rela-
tive reduction of 18% (Table 1 and Fig. 2). Given
the reduction in mortality among women in the
nonscreening group, as compared with their his-
torical counterparts, the relative reduction among
women in the screening group was 10% (95% CI,
—4 to 24; P=0.13). Since the differences between
the current groups and historical groups were 7.2
deaths per 100,000 person-years in the screening
group and 4.8 deaths per 100,000 person-years in
the nonscreening group, only the overall between-
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Table 1. Rates of Death from Breast Cancer, According to Study Group and Age.*
Age Group and Mortality Data Nonscreening Groups Screening Groups Difference
Nonscreening
Groups vs.
Historical ~ Current Historical ~ Current Nonscreening Screening Screening

Group Group Group Group GroupsT Groupsi: Groupsf§
50-69 Yr
No. of deaths 494 396 555 423
No. of person-yr 1,898,989 1,866,741 2,197,469 2,337,323
No. of deaths/100,000 person-yr 26.0 212 25.3 18.1 4.8 7.2 24141
Rate ratio for death (95% Cl) 0.82 (0.71-0.93) 0.72 (0.63-0.81) 0.10
20-49 Yr
No. of deaths 238 183 332 267
No. of person-yr 3,842,740 4,030,443 5,134,212 5,357,163
No. of deaths/100,000 person-yr 6.2 4.5 6.5 5.0 1.7 1.5 -0.2+4.4
Rate ratio for death (95% Cl) 0.73 (0.63-0.92) 0.77 (0.65-0.90) -0.04
70-84 Yr
No. of deaths 429 386 623 465
No. of person-yr 1,101,019 1,173,624 1,349,967 1,318,004
No. of deaths/100,000 person-yr 39.0 329 46.1 353 6.1 10.8 4.7+6.9
Rate ratio for death (95% Cl) 0.84 (0.74-0.97)  0.76 (0.68-0.86) 0.08

* Only women between the ages of 50 and 69 years were invited to participate in screening mammography. All women in this group were also
eligible for treatment by the multidisciplinary teams that are part of the screening program.

7 For the nonscreening groups, the value shown is the difference between the rate of death in the historical group and that in the current
group. This difference represents changes in mortality over time as a result of increased breast-cancer awareness, improved therapy, and

more sensitive diagnostic tools.

i For the screening groups, the value shown is the difference between the rate of death in the historical group and that in the current group.
This difference represents changes in mortality both over time and after introduction of the breast-cancer screening program.

§ For the comparison of the nonscreening groups with the screening groups, the value shown is the difference between the two rate-of-death
differences. This value represents the effect of introducing the breast-cancer screening program. Plus—minus values are 95% confidence

intervals.

group difference — 2.4 deaths per 100,000 per-
son-years (95% CI, 1.7 to 6.5) — can be attributed
to the screening program alone, representing a
third of the total estimated reduction in mortal-
ity (2.4 of 7.2).

Among women between the ages of 50 and 69
years in the screening group, those with stage I
tumors had a relative reduction in mortality of
16%, as compared with their historical counter-
parts (rate ratio, 0.84; 95% CI, 0.63 to 1.11); among
women in the nonscreening group, the corre-
sponding reduction was 13% (rate ratio, 0.87;
95% CI, 0.62 to 1.23). Among women with stage II
tumors, those in the screening group had a
marked 29% reduction in mortality, as compared
with their historical counterparts (rate ratio, 0.71;
95% CI, 0.58 to 0.86); among women in the non-
screening group, the reduction was 7% (rate ratio,
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0.93; 95% CI, 0.76 to 1.12). Among women with
stage III or IV tumors, the improvement in prog-
nosis was similar with and without the screening
program (rate ratio for death in both groups, 0.70;
95% CI, 0.57 to 0.86 for the screening group and
0.56 to 0.87 for the nonscreening group).
Among women who were not eligible for
screening because they were younger than 50 years
of age or older than 69 years of age, there was also
a significant reduction in the rate of death from
breast cancer, as compared with their historical
counterparts (Table 1). Women in these age groups
who were in the screening group but were not eli-
gible for the screening program had the benefit of
the multidisciplinary breast-cancer management
teams. Among women under the age of 50 years,
there was a nonsignificant relative increase in mor-
tality of 4% (P=1.00) after the introduction of the
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Figure 2. Rates of Death among Women between the Ages of 50 and 69 Years
in the Four Study Groups.

Among women in the nonscreening group, there was an 18% reduction in
the rate of death from breast cancer, as compared with the preceding 10-
year period, presumably as a result of increased breast-cancer awareness,
improved therapy, and the use of more sensitive diagnostic tools. Among
women in the screening group, there was a 28% reduction in mortality
from breast cancer during the same period. Thus, the relative reduction in
mortality that was causally related to the screening program alone was 10%.
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screening program (Table 1). Among women who
were 70 years of age or older, the relative reduction
in mortality of 8% (P=0.09) could be attributed to
the establishment of multidisciplinary teams in the
screening program (Table 1 and Fig. 3).

DISCUSSION

In our study, the rate of death from breast cancer
was reduced by the introduction of a breast-can-
cer screening program. However, when we took
into account temporal trends in breast-cancer mor-
tality caused by other factors, the apparent effect
was considerably smaller than expected. Indeed,
the take-home message is that breast-cancer screen-
ing was associated with an absolute reduction of
10 percentage points in the rate of death from
breast cancer. However, the screening program
accounted for only one third of the total reduc-
tion in mortality among women who were invited
to participate in the program. For women between
the ages of 50 and 69 years, it was impossible to
determine whether the reduction in mortality re-
sulted from earlier diagnoses associated with
screening mammography or from the management

N ENGLJ MED 363;13
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of treatment by an interdisciplinary team. To our
surprise, the reduction in breast-cancer mortality
among women between the ages of 70 and 84
years was largely the same as that in the screen-
ing group. Although none of the older women were
invited to undergo mammography, they were all
treated by multidisciplinary teams specializing in
breast-cancer care.

The fundamental prerequisite for our analysis
was the staggered implementation of the Norwe-
gian Breast Cancer Screening Program. This struc-
ture provided the opportunity to identify a non-
screening group in order to reduce or perhaps
eliminate confounding as a result of temporal
changes in breast-cancer mortality attributable to
factors other than screening. Additional strengths
of our study include its nationwide design, the
large size, the high proportion of women partici-
pating in the screening program (77%), and the
complete follow-up. The incidence-based approach
for calculating rates of death also reduced the like-
lihood that results were obscured by deaths from
breast cancers that were diagnosed before the
screening program was implemented.

Is it possible that the lead time created a bias in
calculating incidence-based mortality? We counted
the rate of death from breast cancer only if the
death and diagnosis occurred in that group. For
example, in the screening group, a death would
be attributed to breast cancer only if the disease
was diagnosed early by means of screening mam-
mography or if the disease was clinically diag-
nosed while the woman was in the group. How-
ever, for women in whom an early diagnosis was
made at screening and who later died of breast
cancer, the diagnosis would have been made clini-
cally at an unknown time within the study period.
Thus, the lead time plays no role in the calculation
of the rate of death, and we believe that the
mortality calculations for all groups are free of
this bias.

Our study also has limitations. First, the maxi-
mum follow-up time of 8.9 years may be too short
to show the full potential of the screening pro-
gram. However, in randomized, controlled trials,
there was a reduction in mortality after 4 years,
with an increasing effect up to 10 years.2° In our
study, the reduction in mortality was seen mainly
in the first 4 years of follow-up (data not shown).
Second, since the screening program was imple-
mented gradually in the counties, diagnoses were
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made more recently in the screening group than
in the nonscreening group (Fig. 1) and there may

be an overestimation of the mortality benefit as-

sociated with the screening program. Third, some 5 o

of the women in the nonscreening group may & 10

have actually undergone mammography (oppor- B o ©
tunistic screening), potentially resulting in an & 08 s g °
underestimation of the benefit of screening. Un- § o ® o
fortunately, we have no precise information about = 061

the numbers of such examinations. However, sev- ‘g °

eral circumstances provide reassuring evidence S 04

against contamination by opportunistic screen- % O Nonscreening group vs.
ing as an important source of bias. Before the ; 0.2 historical counterparts
implementation of the screening program, access & ¢ ﬁicsrte;r'i‘c‘glgc%'l‘j:tzr";;rts
to mammography was limited, especially in the 0.0

predominantly rural areas of the country, and the
reduction in mortality was of similar magnitude
in urban and rural areas (data not shown). Also,
the public health care system provides no finan-
cial incentives for offering screening mammog-
raphy. Finally, the organized screening mammog-
raphy entailed a substantial increase in diagnosed
cases of breast cancer, with no similar trends in
counties before they joined the program.

Our finding that only about one third of the
reduction in mortality can be directly attributed to
breast-cancer screening is in line with evidence
from the National Health Service screening pro-
gram in the United Kingdom.2* Other studies have
shown a relative reduction in the rate of death
from breast cancer of 6.4 to 25% with follow-up
periods of 10 years or less.18192125> However, most
of these studies have compared current breast-
cancer mortality with mortality in a period pre-
ceding the introduction of screening mammogra-
phy, with no ability to account for the confounding
effect of temporal trends.!®212325 As our data
show, such confounding may entail a considerable
overestimation of the mortality benefit of mam-
mography.23-25

The implementation of multidisciplinary breast-
cancer management teams was intended to pro-
vide comprehensive and integrated optimization
of breast-cancer care. As a corollary, it is not pos-
sible to attribute the reduction in mortality to any
specific component of such a change in health
care, although increased breast-cancer awareness,
higher sensitivity of diagnostic techniques, and
improvements in treatment can all be conducive
to a lower rate of death. The greatest reduction in
the death rate associated with mammography was

T T T T T
20-29 30-39 40-49 50-59 60-69
Age Group at Diagnosis (yr)

T
80-84

According to Age Group.

Figure 3. Incidence-Based Rate Ratios for Death from Breast Cancer,

Shown are the differences in breast-cancer mortality among women living
in counties in which breast-cancer screening had been implemented, as
compared with their historical counterparts, and corresponding values for
women living in counties in which screening had not been implemented, as
compared with their historical counterparts. Only women between the ages
of 50 and 69 years were invited to participate in mammographic screening.

observed among women with stage II tumors.
This finding might be explained by selective stage
migration among screening participants2° as a re-
sult of more sensitive staging techniques (includ-
ing the use of sentinel-node biopsy, which in-
creased from virtually no use in 1998 to a 65% rate
of use in 20045 and improvements in treatment.

We conclude that our results support the evi-
dence that screening mammography reduces the
rate of death from breast cancer. However, the
magnitude of this benefit seems modest in the
high-attendance, nationwide screening program
we evaluated. Most important, the apparent ben-
efit conveyed by optimized patient care may be
missed unless breast-cancer screening is integrat-
ed into a well-functioning health care system that
is available to the entire population.
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EDITORIALS

Screening Mammography — A Long Run for a Short Slide?

H. Gilbert Welch, M.D., M.P.H.

No screening test has ever been more carefully
studied than screening mammography. In the
past 50 years, more than 600,000 women have
participated in 10 randomized trials, each involv-
ing approximately 10 years of follow-up. Given
this extraordinary research effort, it is ironic
that screening mammography continues to be
one of the most contentious issues within the
medical community.

The juxtaposition of such a charged medical
debate in the face of such an exhaustive scien-
tific investigation is in itself instructive. For con-
text, one trial involving fewer than 150 men who
were followed for less than 2 years was suffi-
cient to convince physicians of the value of treat-
ing severe hypertension.® That physicians are still
debating the relative merits of screening mam-
mography despite the wealth of data suggests
that the test is surely a close call, a delicate bal-
ance between modest benefit and modest harm.

In this issue of the Journal, Kalager et al.2
provide additional data that the benefit of mam-
mography is modest. Making use of the oppor-
tunity provided by the staggered implementation
of a national screening program in Norway, the
investigators were able to isolate the benefit of
the screening program from other factors that
may have changed over time, including increased
breast-cancer awareness and improvements in
treatment. They report that the benefit of the
Norwegian screening program was disappoint-
ingly small: a 10% reduction in breast-cancer
mortality among women between the ages of 50
and 69 years.

Moreover, this reduction in mortality reflected
the combined effect of the two interventions that
make up the Norwegian screening program:
screening mammography and multidisciplinary
teams instituted to better treat breast cancer.

Kalager et al. provide data that the latter may be
the more important of the two factors, since
women over the age of 70 years, who were ex-
posed to the program’s multidisciplinary teams
but were not invited to undergo mammography,
had an 8% reduction in breast-cancer mortality.
Thus, the relative reduction in mortality due to
screening mammography alone could be as low
as 2%.

Clinicians who follow the mammography de-
bate will reasonably wonder why the benefit es-
timated by Kalager et al. is so much smaller than
the reduction in mortality of 15 to 23% estimat-
ed by the U.S. Preventive Services Task Force.?
The easiest explanation would be that the Kal-
ager estimate is wrong. Although the task force
uses data from randomized trials, the Norwegian
data are observational — and as with all obser-
vational data, the primary threat to validity is
the comparability of the comparison groups.

But the staggered cohort design that was
used by Kalager et al. mitigates the concern that
the women in the four study groups are some-
how different, since many of the women in the
study actually contributed data to each group at
different points in their life. Contamination is a
more relevant concern. If the women in the non-
screening groups were exposed to opportunistic
mammography screening or began to benefit
from the multidisciplinary teams, which had to
be in place before the screening program was
initiated, then the background effect of time
may have been overestimated. This would have
led to an underestimation of the benefit of the
screening program. Furthermore, the follow-up
period may be too short to fully capture the ben-
efits of screening. The authors argue that these
effects are small.

So another explanation must be considered:

N ENGLJ MED 363;13 NEJM.ORG SEPTEMBER 23, 2010
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the estimates of both the task force and Kalager
et al. are correct. But where the randomized trials
reflect the world before 1990, the observational
data reflect the world after 1990. It is quite plau-
sible that screening mammography was more
effective in the past than it is now. If women
with new breast lumps now present earlier for
evaluation, the benefit of screening will be less.
If treatment of clinically detected breast cancer
(i.e., tumors that are detected by means other
than screening) has now improved, the benefit
of screening will be less. Thus, the increased
awareness about the importance of promptly
seeking care for overt breast abnormalities (there
is no debate about diagnostic mammography)
and the widespread use of adjuvant therapy have
probably combined to make screening now less
important.*>

Nevertheless, the public widely perceives
screening mammography to be one of the most
important services provided by modern medicine.
The perception is largely the product of well-
crafted public health messaging, such as the
American Cancer Society’s print campaign in the
1980s that featured the headline “If you haven’t
had a mammogram, you need more than your
breasts examined.” Given current data, such mes-
saging must become more balanced.

If we assume that mammography screening
is associated with a 10% reduction in the rate of
death from breast cancer (making the optimis-
tic assumption that all the benefit comes from
screening mammograms), the 10-year risk of
breast-cancer death for a 50-year-old woman in
the United States is now about 4 per 1000
women.® If we assume that this risk already in-
corporates the benefit of screening mammogra-
phy, the risk estimate without mammography
would be about 4.4 per 1000 women.

Because we are all subject to framing effects,
it is important to consider the reverse frame. The
number of women who will not die from breast
cancer rises from 995.6 to 996 per 1000 women
with the addition of screening mammography.
Although readers may each respond differently
to these frames, both reflect the same absolute
benefit: 0.4 per 1000 women. In other words,
2500 women would need to be screened over a
10-year period for 1 to avoid death from breast
cancer (Table 1).

What happens to the other 2499 women who
had to undergo screening to achieve this benefit
is also relevant. Estimates of harm vary consid-

Table 1. Estimated Benefits and Harms Associated with a 10-Year Course
of Screening Mammography for 2500 Women Who Are 50 Years of Age.*

Benefit Harm

dying from breast
cancer. biopsy.

One woman will avoid ~ Up to 1000 women will have at least one “false
alarm,” about half of whom will undergo

Breast cancer will be overdiagnosed in 5 to 15 women,
who will be treated needlessly with surgery, radia-
tion, chemotherapy, or a combination.

* The assumed benefit of screening mammography is a reduction of 10% in

the rate of death from breast cancer, as reported by Kalagar et al.?

erably. In the United States, more than 1000
women would be expected to have at least one
false positive result,” a number that would be
considerably lower in Europe.?® Less frequent but
more worrisome is the problem of overdiagno-
sis. Somewhere between 5 and 15 women would
be expected to be needlessly treated for a condi-
tion that was never going to bother them, with
all the accompanying harms.%°

Screening mammography has become one of
the most prominent measures of health care per-
formance. Since the inception of health care
report cards, such evaluations have focused on
ensuring that all women undergo the test.!* There
were practical reasons for this: it was easily
measured, easy to understand, and hard to ar-
gue against. But by highlighting that the mortal-
ity benefit is modest, Kalager et al. help confirm
that the decision about whether to undergo screen-
ing mammography is, in fact, a close call. Many
observers will argue that because it is a delicate
decision — involving trade-offs among noncom-
parable outcomes — it must be left to informed
individuals to decide. Others will argue that
physicians should continue to persuade women
to undergo screening and that the modest ben-
efit is worth the associated harms.

But no one can argue that screening mam-
mography is one of the most important services
we provide in medicine. The time has come for
it to stop being used as an indicator of the qual-
ity of our health care system.

Disclosure forms provided by the author are available with the
full text of this article at NEJM.org.

From the Dartmouth Institute for Health Policy and Clinical
Practice, Dartmouth Medical School, Lebanon, NH.

1. Effects of treatment on morbidity in hypertension: results in
patients with diastolic blood pressures averaging 115 through
129 mm Hg. JAMA 1967;202:1028-34.

2. Kalager M, Zelen M, Langmark F, Adami H-O. Effect of

N ENGL) MED 363;13 NEJM.ORG SEPTEMBER 23, 2010

The New England Journal of Medicine

Copyright © 2010 Massachusetts Medical Society. All rights reserved.

1277

Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on October 1, 2010. For personal use only. No other uses without permission.



1278

Downloaded from www.nejm.org at MCGILL UNIVERSITY LIBRARY on October 1, 2010. For personal use only. No other uses without permission.

The NEW ENGLAND JOURNAL of MEDICINE

screening mammography on breast-cancer mortality in Norway.
N EnglJ Med 2010;363:1203-10.

3. Mandelblatt JS, Cronin KA, Bailey S, et al. Effects of mam-
mography screening under different screening schedules: model
estimates of potential benefits and harms. Ann Intern Med
2009;151:738-47.

4. Rostgaard K, Vaeth M, Rootzén H, Lynge E. Why did the
breast cancer lymph node status distribution improve in Den-
mark in the pre-mammography screening period of 1978-1994?
Acta Oncol 2010;49:313-21.

5. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG).
Effects of chemotherapy and hormonal therapy for early breast
cancer on recurrence and 15-year survival: an overview of the
randomised trials. Lancet 2005;365:1687-717.

6. The risk of developing/dying from cancer based on Novem-
ber 2009 SEER data submission. Bethesda, MD: National Cancer
Institute. (Available at http://seer.cancer.gov/faststats/.)

7. Elmore JG, Barton MB, Moceri VM, Polk S, Arena PJ, Fletcher
SW. Ten-year risk of false positive screening mammograms and
clinical breast examinations. N Engl ] Med 1998;338:1089-96.
8. Breast cancer screening. In: IARC handbooks of cancer pre-
vention. Vol. 7. Lyon, France: International Agency for Research
on Cancer, 2002:135-44.

9. Zackrisson S, Andersson I, Janzon L, Manjer ], Garne JP.
Rate of over-diagnosis of breast cancer 15 years after end of
Malmé mammographic screening trial: follow-up study. BMJ
2006;332:689-92.

10. Jorgensen KJ, Gotzsche PC. Content of invitations for pub-
licly funded screening mammography. BMJ 2006;332:538-41.
11. McIntyre D, Rogers L, Heier EJ. Overview, history, and objec-
tives of performance measurement. Health Care Financ Rev
2001;22(3):7-21.

Copyright © 2010 Massachusetts Medical Society.

Superficial Phlebitis and Phase 3.5 Trials

Lee Goldman, M.D., and Jeffrey Ginsberg, M.D.

In this issue of the Journal, Decousus et al.* re-
port on the efficacy and safety of fondaparinux
for the treatment of superficial-vein thrombosis
in the legs. The results of their carefully conduct-
ed, placebo-controlled trial show that treatment
with fondaparinux, at a dose of 2.5 mg once
daily for 45 days, as compared with placebo, re-
duced the probability that superficial-vein throm-
bosis in the legs would progress to deep-vein
thrombosis or pulmonary embolism (1.3% with
placebo vs. 0.2% with fondaparinux), without
an increase in bleeding or other serious adverse
events. The probability that patients would un-
dergo surgery for superficial-vein thrombosis was
reduced from 3.8% to 0.7%. Two patients in the
fondaparinux group and one in the placebo group
died, but none of the deaths were apparently the
result of a pulmonary embolism. This study adds
to previous work describing the natural history
of superficial-vein thrombosis,?* although it did
not address which patients might be at an in-
creased risk because of previously undiagnosed
thrombophilia.*>

To put the rates of deep-vein thrombosis and
pulmonary embolism — the most important
outcomes — into perspective, it is useful to con-
sider the generally “acceptable” failure rates in
strategies to diagnose venous thromboembolism.
In the study by Decousus et al., the rate at which
symptomatic deep-vein thrombosis or pulmonary
embolism developed in untreated patients during
follow-up (1.3%) was similar to the rate with
widely accepted strategies for diagnosing deep-

vein thrombosis and pulmonary embolism. For
example, among patients who are evaluated for
suspected deep-vein thrombosis but have normal
results on a contrast venogram® or duplex ultra-
sonography,” about 1.3% and 0.6% of patients,
respectively, will return with symptomatic deep-
vein thrombosis or pulmonary embolism over the
course of long-term follow-up. Similarly, among
patients who have a suspected pulmonary em-
bolism but then have normal results on a con-
ventional pulmonary angiogram® or a computed
tomographic pulmonary angiogram,® about 1.7%
and 1.2%, respectively, will return with sympto-
matic deep-vein thrombosis or pulmonary em-
bolism. These historical comparisons and the ex-
tremely low mortality among untreated patients
with superficial-vein thrombosis support an ini-
tial “no anticoagulant treatment” approach, un-
less conservative measures fail to resolve symp-
toms or deep-vein thrombosis develops. It is also
clear from the stringent inclusion and exclusion
criteria in the study by Decousus et al. that treat-
ment with fondaparinux for 45 days is clinically
reasonable for patients with severe symptoms,
thrombosis in the proximal saphenous vein, or
recurrent disease.

Agents such as fondaparinux, low-molecular-
weight heparins, and perhaps oral direct factor
Xa inhibitors (apixaban, rivaroxaban) and throm-
bin inhibitors (dabigatran) have better risk pro-
files than do unfractionated heparin and war-
farin, and the favorable risk-to-benefit ratio
associated with them could lead to an extension
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Abstract

Background: Official descriptive data from France showed a strong increase in
breast-cancer incidence between 1980 to 2005 without a corresponding change in
breast-cancer mortality. This study quantifies the part of incidence increase due to
secular changes in risk factor exposure and in overdiagnosis due to organised or
opportunistic screening. Overdiagnosis was defined as non progressive tumours
diagnosed as cancer at histology or progressive cancer that would remain
asymptomatic until time of death for another cause.

Methods : Comparison between age-matched cohorts from 1980 to 2005. All
women residing in France and born 1911-1915, 1926-1930 and 1941-1945 are
included. Sources are official data sets and published French reports on screening
by mammography, age and time specific breast-cancer incidence and mortality,
hormone replacement therapy, alcohol and obesity. Outcome measures include
breast-cancer incidence differences adjusted for changes in risk factor distributions
between pairs of age-matched cohorts who had experienced different levels of

screening intensity.

Results: There was an 8-fold increase in the number of mammography machines
operating in France between 1980 and 2000. Opportunistic and organised screening
increased over time. In comparison to age-matched cohorts born 15 years earlier,
recent cohorts had adjusted incidence proportion over 11 years that were 76%
higher [95% confidence limits (CL) 67%, 85%)] for women aged 50 to 64 years and
23% higher [95% CL 15%, 31%] for women aged 65 to 79 years. Given that mortality
did not change correspondingly, this increase in adjusted 11 year incidence
proportion was considered as an estimate of overdiagnosis.

Conclusions: Breast cancer may be overdiagnosed because screening increases
diagnosis of slowly progressing non-life threatening cancer and increases
misdiagnosis among women without progressive cancer. We suggest that these
effects could largely explain the reported “epidemic” of breast cancer in France.
Better predictive classification of tumours is needed in order to avoid unnecessary
cancer diagnoses and subsequent procedures.



Background

Between 1980 and 2005, age-standardized cancer incidence in France
increased by 38%, primarily due to increased reported prostate cancer incidence in
men and breast and lung cancer among women [1]. The case-fatality rate of breast
cancer estimated from incidence and mortality decreased from 39% in 1980 to 23%
in 2005. The increase in breast cancer incidence may be related to increasing
exposure to causal factors, such as use of hormone replacement therapy (HRT),
alcohol, obesity and change in family size, but may also be an artefact of increased

screening.

Reports from the International Agency for Research on Cancer (IARC) and
from the French National Institute for Health Research (INSERM) considered the
distinction between real and artificial increases in cancer frequency in France by
emphasizing mortality data over incidence data [2,3]. When comparing the trends
between cancer sites, the IARC report hypothesised that the net impact of early
detection methods is to increase reported cancer incidence independently of
environmental or lifestyle risk factors. Figure 1 shows breast cancer incidence and
breast cancer mortality for the period 1980 to 2005, revealing a substantial
discrepancy. If the true incidence in breast cancer was not increasing over time, both
screening and improvements in treatment should have substantially reduced breast-

cancer mortality.

The goal of breast-cancer screening (testing for the disease in asymptomatic
patients) is to reduce mortality by diagnosing and treating tumours earlier in the
disease process. Initially, screening programs will increase rates of cancer diagnosis
because prevalent tumours are detected earlier. After the introduction of screening,

when the reservoir of undiagnosed cases is depleted, a decline of incidence is



expected before a new steady state is achieved [4]. However, recent papers suggest
that publicly available mammography screening programs are associated with 10%
to 50 % overdiagnosis [5,6], where overdiagnosis is defined as the detection, through
screening, of disease that would never have been diagnosed in the absence of
screening and thus unlikely to have imposed health consequences throughout life
[7]. Increase in screening activity also occurs without organized screening program.
For example, after careful modelling, overdiagnosis was over 40% for the younger

cohorts that had been exposed to mammograms in Catalonia [8].

A Norwegian study suggested that mammography screening leads to a larger
increase in detected invasive breast cancer than can be explained by earlier
diagnosis or increased exposure to risk factors. The authors suggested that
mammography screening detects many tumours that otherwise would spontaneously

regress [9].

Most breast cancers are diagnosed by biopsy following identification by self
palpation, clinical examination by a physician, or by mammography. Overdiagnosis is
inevitable when testing for asymptomatic disease in almost all screening programs.
Clinicians use histology for diagnosing a true progressive disease that would
metastasise and cause death without treatment if no other health problem interfered
with its progression. The validity of testing for true progressive cancer by histology
depends on the sensitivity and the specificity of slides from the biopsy. The number
of diagnosed cancer cases in an examined population is the sum of women with
progressive cancer correctly diagnosed and of women diagnosed with a cancer that
would not progress to clinical detection in their lifetime. The number of true

progressive cancers detected in a population reflects the frequency of examinations



among women with progressive cancer, the sensitivity of diagnosis procedures

before the biopsy, and the sensitivity of examination by histology.

Global sensitivity is the proportion of progressive cancers correctly identified in
a population. All nonprogressive tumours diagnosed as cancer by histology are
overdiagnoses. They reflect the frequency of examinations among women without a
progressive cancer, the specificity of diagnostic procedures before the biopsy, and
the proportion of women without a progressive cancer correctly identified when
examined by histology. All the cancer-free women not tested contribute to increase
global specificity: the proportion of women without a true progressive cancer correctly
considered as cancer free in the population. Screening increases global sensitivity.
But by doing this, it also results in decreasing global specificity, which in turn

produces more overdiagnosis.

Overdiagnosis includes all nonprogressive tumours diagnosed as cancer
using histology and those progressive cancers that would never cause symptoms or
death during a patient’s lifetime. Such cases are functional overdiagnoses related to
a patient’s outcome rather than to the physiological or structural causes of
overdiagnosis. Functional overdiagnosis depends not only on the cancer but also on
competing causes of death and life expectancy. It occurs more frequently when
screening is performed among women with a short remaining life expectancy and

when global sensitivity is high.

Our study investigates how the increase in mammography screening is
associated with increase in the apparent breast-cancer incidence in France. Such
information is relevant to the debate about the benefits and side effects of breast-

cancer screening [10-15].



Methods
This investigation is restricted to 1980 - 2005 and to French districts of metropolitan
France, the European part of the country. Districts of metropolitan France is an

English translation for “départements de la France métropolitaine”.
Data

Breast cancer deaths and the populations of women were provided by the
Center for Epidemiology of Medical Causes of Death (CepiDC) [16]. The annual
number of newly diagnosed invasive breast cancer, and the population of women in
France were used to estimate the time trend of breast-cancer frequency. Diagnoses
of invasive breast cancer were estimated from population-based cancer registries
operating in France [17]. For year 1992 (the middle of the study period) the national
estimate was based on 2193 reported cases [18]. Incidence of invasive cancer was

provided up to 2005 by the French Institute for Public Health Surveillance [19].

Age and time specific exposure to HRT [20,21], alcohol [22], and obesity [23]
in France were estimated from published data. For HRT, age specific prevalence was
based on two cohorts available in France: “ESPS-EPAS” (sample from the social
security registry) and “3C” (women from Bordeaux, Dijon and Montpellier). The
relative risk estimates were obtained from four models used in the report [20]. Each
model takes into account three types of HRT use: oestrogen only, oestrogen plus
progesterone, and oestrogen plus progestin. Women were considered exposed to
alcohol if they drank at least 6 glasses or more on one occasion and/or at least 14
glasses a week. Obesity was defined by a body mass index equal to or larger than 30
kg/m2. For alcohol and obesity, relative risk estimates were based on international

literature [24].



Changes in diagnostic procedure

We used two data sources to evaluate changes in mammography practice.
First, we estimated the number of mammography machines registered annually in
France, using the same methods from the 1970s to 2000 [25]. The mean number of
screening tests performed per mammography machine is available for 1988 [26].
Second, we estimated the implementation of organised breast-cancer screening
programs by mammography in France up to 2004 [27]. For two districts we also had
the age distribution of women undergoing mammography when tested either by an

organised program or by private initiative in 1995 [28].
Change in incidence due to change in risk factor exposure

Breast-cancer incidence attributable to change in exposure to risk factors over
time is obtained in age-specific categories. It is computed from incidence in the
reference period, available exposure prevalence for each period, and from relative

risk estimates. Additional file 1 provides formulas used for these calculations.

Overdiagnosis estimate from change in incidence and breast-cancer mortality

Change in incidence proportion was obtained by comparing age-matched
cohorts 15 years apart. Comparisons of incidence within a pair of cohorts submitted
to different screening activity were performed separately for middle age women aged
50 to 64 and for elderly women aged 65 to 79. In each pair, the reference cohort was
observed at an earlier calendar period when screening activity was less intense. The
reference cohort was observed 15 years before the comparison cohort for both age
groups of women. For middle-aged women, the reference cohort included women
born between 1926 and 1930 and was compared to the cohort of women born in

1941-1945. For elderly women, the reference cohort included women born in 1911-



1915 and was compared to the 1926-1930 birth cohort. For both middle age and
elderly women, incidence was observed yearly for 5-years age groups. Change in
crude incidence proportion associated with a 15 year change in screening activity is
the difference between 11 years incidence proportion within each pair of cohorts.
The detailed computation of incidence proportion is given in additional file 2. The

same procedure was used for breast-cancer mortality.

Within each pair of cohorts, incidence attributable to change in risk factor
prevalence and to change in mortality proportion, if any, was subtracted from crude
incidence proportion to get an estimate of overdiagnosis between the two cohorts in

the comparison.

Statistical Methods

Confidence limits (CL) were obtained from a normal approximation to the
distribution of proportions for the comparison of initial procedure leading to breast-
cancer diagnosis over time. Confidence limits for differences between incidence
proportions were obtained using French official data and observed cases in French
cancer registries operating in 1992 [18]. Confidence limits were not calculated for

estimates of the full population. See additional file 2 for formulas.
Results

Time trend for availability and use of mammography screening

The number of mammography machines increased steadily from 308 in 1980,
499 in 1984, 1351 in 1990, 2282 in 1994 to 2511 in 2000. There were about 8 times
more mammography machines available in 2000 than in 1980.

There were three districts with an organised screening program in 1989, 13 in

1994 and 31 in 1999. In 2004, all 96 districts had an organised screening program.



Screening began at age 50, and in 1999, the upper age limit for inviting women to be
screened every second year was extended from 69 up to 74 years of age. During the
whole period, screening practices were not restricted to the women included in

organised programs.

In two districts with an organised program in 1995, the mammography rate
before 50 or after 69 years of age was 59% of the mammography rate in the
organized screening program for women aged 50 to 69 [28]. In 1988, the mean
number of screening mammography per mammography machine amounted to 1050

per year [26,28].

Time trend of exposure to risk factor
Changes in exposure to risk factors are summarised in Table 1. In comparison
to 1980-1990, there was an increased prevalence of HRT use and obesity by 1995-

2005, whereas alcohol consumption in women decreased.

Changes over time in breast-cancer incidence and breast-cancer mortality

Figure 2 shows the age-specific increase of breast-cancer incidence over
time. The largest increase occurred for women 45 to 74 years of age. For women
aged 50 to 69, the incidence in 2005 is twice the incidence in 1980. The largest
increase occurred in 2005 for the 60 to 64 age group. In 2005, the breast-cancer
incidence decreased after age 74 compared to rates for women aged 60-69; the
shape of the age-specific incidence rate changed from being non-declining with age

to being bell shaped.

In cohorts that had more intensive breast screening, we might expect a

reduction of breast-cancer incidence after age 74 since slow growing tumours should



have been detected but this was not seen. Within each pair of cohorts, the observed
increase in incidence is even larger at the end of the period of comparison than 11
years before. This is visible in figure 3 for age groups 65-69 to 75-79. Age-specific
breast-cancer mortality was similar in the two pairs of cohorts. In the pair of cohorts
of middle age women (50 to 64), the cumulative breast-cancer mortality rates were
6.7/1000 from 1980 to 1990 and 6.6/1000 from 1995 to 2005. In the cohorts of
elderly women (65-79), the cumulative breast-cancer mortality rates were 9.9/1000

from 1980 to 1990 and 10.7/1000 from 1995 to 2005.

Estimates of overdiagnosis

Incidence rates observed in the cohorts are given in Figure 3. For women
aged 50 to 64, the 11-years incidence proportion was 20/1000 in the reference cohort
observed from 1980 to 1990. It increased 80% [95% CL: 72%, 89%)] to 37/1000 in the
age-matched cohort observed from 1995 to 2005. For women aged 65 to 79, the 11-
year incidence proportion was 24/1000 in the reference cohort observed from 1980 to
1990. It increased 27% [95%CL 20%, 34%)] to 31/1000 in the age-matched cohort

observed from 1995 to 2005.

Overdiagnosis estimates take into account changes in incidence proportions,
and adjustments due to change in risk factors prevalence, as given in Table 2. Given
that breast-cancer mortality changed less than 0.1/1000 per year, and moved in
opposite direction according to age group, it was not taken into account for
adjustments. Overdiagnosis estimates are slightly lower than the crude difference
between incidence proportions within each pair of cohorts. Adjustment for increase in
HRT use and in obesity resulted in a slight reduction in the crude difference between
incidence proportions. On the contrary, decrease in alcohol consumption contributed

to a small increase in the overdiagnosis estimate for each considered pair.
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Overdiagnosis estimates from 1995 to 2005 were 76% (95% CL: 67%; 85%) for

women aged 50 to 64 and 23% [95% CL: 15%; 31%] for women aged 65 to 79 .

Discussion

We observed that standardised breast-cancer incidence rates increased
steadily from 1980 to 2005 as use of screening tools increased, whereas age
standardised breast-cancer mortality rates changed only slightly during this period.
These trends might reflect a progressive increase in unknown breast cancer
exposure and a decrease in case fatality due to better treatment. However, our
results are consistent with other studies that fail to demonstrate a benefit of

screening for breast cancer at the population level.

Opinion on the value of screening mammography remains divided. Many
investigators, particularly from the radiology community, support population
screening [10,12,29]. On the other hand, some but not all meta-analysis of
randomised controlled trials fail to document survival benefits [14]. Meta analyses
may come to different conclusions because they apply different study exclusion
criteria. Those with stricter quality criteria tend to favour the null effects of screening,
particularly for women younger than 50 years. However, some have argued that the
choice in quality criteria is subjective [12] or due to assumptions [11]. Further,
systematic quasi-experimental evaluations in Norway reported poor survival benefit
in those screened [30]. Similar studies from Denmark suggest that the decline in
breast cancer mortality was greater in regions without screening than it was in areas
where screening was phased in earlier [31]. A recent study used WHO data to
compare trends in breast cancer mortality in three pairs of European countries:
Northern Ireland v. Republic of Ireland, Netherlands v. Belgium, and Sweden v.

Norway. Although one member of each county pair had a more aggressive
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screening policy, reductions in breast cancer mortality were similar for in all three
pairs. These findings are consistent with clinical trials and other quasi-experiments
that have failed to show significant reductions in mortality directly attributable to

mammography [32].

Well-conducted screening programs should lead to an initial increase of both
prevalent cases and lead time, and then to a subsequent decline of observed
advanced tumours which was not observed. After 74 years of age, when women are
not invited by organised screening programs, the incidence rate should not increase
as much as when screening occurred previously in the cohort [33]. Nonetheless,
compared to earlier ages, the increase in breast-cancer incidence was even larger for
women aged 75-79 in 1995 than in 1990, when screening was less intense up to 74
years of age. The unexpected increase in cancer incidence in older women may

reflect overdiagnosis due to greater screening [34-35].

The period of observation was chosen to ensure stability in the recording
systems for both death, incidence and in the nomenclatures used. Before 1978,
breast-cancer incidence was not available and breast-cancer mortality trend was
biased by the fact that death due to breast cancer was also declared as “cancer”
without specifying the site of the primary tumour. Statistics are available on the age
frequency distribution of surgical interventions performed in 1999 for breast cancer in
France [36]. Among women aged 50 to 79, there are 16.5% more interventions than
incident cases of invasive cancer. This difference is consistent with inclusion of

women operated more than once or for ductal carcinoma in situ.

Our study has several important limitations. Only a small proportion of the
French population is included in cancer registries (about 7% in the middle of the

study period). In addition, we can not rule out secular changes in other breast-cancer
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risk factors like age at first birth, nulliparity or socioeconomic status. Adjustments for

changes in HRT, alcohol and obesity prevalence over time are by nature imperfect.

Organised screening programs do not give an unbiased appraisal of actual
screening activity in France: they do not include opportunistic screening, which is
substantial [28]. An increase over time in the number of mammography machines in
France is likely to explain changes of initial procedures leading to breast-cancer
diagnosis, as shown in a study conducted in the district of Haute Vienne [37]. During
1986-1989, 80% of the cancers (298 of 372) were discovered by the patient, while
this proportion fell to 52% (176 of 341) during 1997-1998. The difference between the
two groups is 28.5% [95% CL 21.8%, 35.2%]. This reduction was primarily offset by
the increase in the proportion of breast cancer discovered by mammography: 24.5%
[95% CL 20.2%; 28.8%)]. The shorter duration of the second period indicates
increased frequency of breast-cancer diagnosis. This increase observed 10 years
apart in the district of Haute Vienne is about 2/3 of the corresponding increase

observed 15 years apart in cohorts from 50 to 79 years of age at the national level.

A 1% drop of global specificity would explain the observed increase in breast-
cancer incidence in France. Suppose that among 1000 women, 4 have undetected
true invasive breast cancer and 996 do not have invasive breast cancer. If the
women are not examined, the four cases will eventually be diagnosed if they become
symptomatic and the specificity is 100%. If these 1000 women undergo diagnostic
procedures with a global sensitivity of 90% and a global specificity of 99%, we would
get 90% of 4, that is 3.6 true positives; 99% of 996, that is about 986 true negatives;
10% of 4, or 0.4 false negative and 1% of 996, that is about 10 false positive. The
positive predictive value among the 13.6 diagnosed “cancer” is thus about 3.6/13.6,

less than 30%. This example illustrates how overdiagnosis may increase with
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screening even without changes in the intrinsic sensitivity and specificity of each

diagnostic procedure.

Changes in the studied risk factors did not explain much of the increase in
breast-cancer incidence over time. The emergence of overdiagnosis as a possible
explanation of the incidence trend is related to the long period over which screening

intensity has been increasing.

An analogous divergence between the trends in incidence and mortality was
observed from 1927 through 1947 in Canada. Confidence in the efficacy of Halsted's
radical procedure contributed to increasing early screening by breast self-
examination. McKinnon hypothesised that the limitations of diagnosis confirmed by
histology, which is "fraught with uncertainty", explained all or part of the apparent

improvement in survival of cancers screened at an early stage during this period [38].

Undetected invasive breast cancers exist among women at the time of death
due to other causes. Welch and Black used autopsy studies to estimate the size of
the "reservoirs" of ductal cancer in situ [39]. These studies also revealed undetected
invasive breast cancer among women who died from other causes [40-43]. Other
publications report an elevated frequency of slowly or non-progressing lesions [44],
some likely to be misdiagnosed as invasive cancer [45]. It is therefore possible that
opportunistic screening explains most of the excess of overdiagnosis before age 50
and after age 74. Similar breast-cancer mortality in the cohort observed from 1980 to
1990 and the cohort observed from 1995 to 2005 also indicates overdiagnosis as a

possible explanation for the incidence increase from age 40 to 79.

The 2003 report of the French Cancer Commission furnishes a key to
interpreting this increased incidence: "Overdiagnosis (diagnosis of tumours at the

borderline of malignancy) constitutes a serious problem because it can artificially
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increase the incidence of cancer and the result of treatment" [46]. In 2005, a
discussion at the French Academy of Medicine suggested that the definition of
cancer should change to include evidence of the progression of the tumour over time

[47].
Conclusion

In summary, there has been a substantial increase in breast-cancer incidence
in France without a corresponding increase in mortality. Although this could be
explained by a perfect balance between an increased incidence and improved
survival, we think the increased breast-cancer incidence observed in France since
1980 largely reflects an increase in overdiagnosis. The latter includes misdiagnoses
and true cancer lesions that would not have had any impact on the health of the
women during their normal lifetime. Better predictive classification of tumours is
needed in order to avoid unnecessary cancer diagnoses and subsequent

procedures.
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Table 1

Change over time in the prevalence of risk factor exposure

Age group HRT (RR =1.17 [21]%) Alcohol (RR = 1.7 [24]°) Obesity (RR = 2.0 [24]°)
1980-1990  1995-2005 1980-1990 1995-2005 1980-1990 1995 -2005
50-59 7.9% 31.6 % 16.7 % 13.5 % 41 % 6.4 %
60-69 7.7% 30.7 % 7.0% 5.7 % 6.1% 10.4 %
70-79 2.3% 9.0 % 3.7% 3.0% 6.1% 10.4 %

% RR resulting from the four available models in table six of “AFSSAPS report”’[21]. RR = Total of
expected exposed cases (3922.15) / Total of expected non-exposed cases (3358.78) = 1.17
Prevalence data restricted to population based samples: “ESPS—EPAS” and “3C” [21].

° Interpolation between delivered results (1.5 and 2.0)

¢ Prevalence in age group 60-69 was extrapolated to age group 70-79
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Table 2

Breast-cancer incidence proportion from 1980-1990 to 1995-2005 in France

Comparison of 11 year follow-up of age matched cohorts 15 years apart

Incidence proportion of

Incidence proportion attributable to  Relative change in adjusted

Age
in the breast cancer diagnosis change in risk factor exposure incidence proportion
cohort for 11 year periods from 1980-1990 to 1995-2005 attributable to overdiagnosis
Cases per 1000 Cases per 1000 Adjusted relative increase
(1) 2) (5) {(2)-(1)-(3)-(4)-(5)} / (1)
1980 - 1990 1995 - 2005 Obesity
50-64 20.4 36.8 .48 76.0 %
95% CL:66.7; 85.0
6579 243 30.9 .33 23.0%

95% CL: 15.2 %,; 30.9 %
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Figure 1. Age standardised breast-cancer deaths and breast-cancer incidence
by calendar year in France. Standard: age structure of women aged 35 and more in
1992.
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Figure 2. Breast-cancer incidence rates by age and according to screening
activity. France, 1980, 1992 and 2005.
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Figure 3. Breast-cancer incidence in birth cohorts subject to different levels of
screening activity. Crude incidence proportion increase in %. France, 1980 to 2005.
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Additional files

Additional file 1

Title : Formulas for change in incidence after change in exposure prevalence for
hormone replacement therapy, alcohol and obesity.

Description : Explanation of the formulas used for estimating changes in breast-
cancer incidence after change in risk factor exposure.
Additional file 2

Title : Formulas for incidence proportion and confidence limits in cohorts

Description : Explanation of the formulas used for estimating incidence proportion
and confidence limits in cohorts.
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