The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 23, 2010

VOL. 363 NO. 13

Effect of Screening Mammography on Breast-Cancer

Mortality in Norway

Mette Kalager, M.D., Marvin Zelen, Ph.D., Fraydis Langmark, M.D., and Hans-Olov Adami, M.D., Ph.D.

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

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

The New England Journal of Medicine

Copyright © 2010 Massachusetts Medical Society. All rights reserved.

1205

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



1206

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

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- o 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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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.
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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

Objective To evaluate the effectiveness of contemporary mammography
screening using individual information about screening history and breast
cancer mortality from public screening programmes.

Design Prospective cohort study of Norwegian women who were followed
between 1986 and 2009. Within that period (1995-2005), a national
mammography screening programme was gradually implemented, with
biennial invitations sent to women aged 50-69 years.

Participants All Norwegian women aged 50-79 between 1986 and 2009.

Main outcome measures Multiple Poisson regression analysis was
used to estimate breast cancer mortality rate ratios comparing women
who were invited to screening (intention to screen) with women who
were not invited, with a clear distinction between cases of breast cancer
diagnosed before (without potential for screening effect) and after (with
potential for screening effect) the first invitation for screening. We took
competing causes of death into account by censoring women from further
follow-up who died from other causes. Based on the observed mortality
reduction combined with the all cause and breast cancer specific mortality
in Norway in 2009, we used the CISNET (Cancer Intervention and
Surveillance Modeling Network) Stanford simulation model to estimate
how many women would need to be invited to biennial mammography
screening in the age group 50-69 years to prevent one breast cancer
death during their lifetime.

Results During 15 193 034 person years of observation (1986-2009),
deaths from breast cancer occurred in 1175 women with a diagnosis
after being invited to screening and 8996 women who had not been
invited before diagnosis. After adjustment for age, birth cohort, county
of residence, and national trends in deaths from breast cancer, the
mortality rate ratio associated with being invited to mammography
screening was 0.72 (95% confidence interval 0.64 to 0.79). To prevent

one death from breast cancer, 368 (95% confidence interval 266 to 508)
women would need to be invited to screening.

Conclusion Invitation to modern mammography screening may reduce
deaths from breast cancer by about 28%.

Introduction

The efficacy of mammography screening was tested in
randomised trials in the 1970s and 1980s.' More than 10 years
ago, an overview by the World Health Organization indicated
that mammography screening may reduce mortality from breast
cancer by 25%.> However, the methods used by some of the
original trials have been criticised, and a report from the
Cochrane Collaboration considered the estimates of mortality
benefit from many of those trials to be invalid.’ * Recent
advances in modern chemotherapy and adjuvant treatment have
improved the survival of women with breast cancer,’ ¢ and
progress in treatment has led some investigators to question the
need for early detection of breast cancer by mammography
screening.’

Updated studies are clearly needed, but new randomised trials
are not realistic and evaluations of modern screening require
accurate information about screening history compared with
the timing of breast cancer diagnosis, as well as precise and
long term follow-up of mortality. Many observational studies
have assessed breast cancer mortality associated with
mammography screening, but results have been inconsistent,
ranging from no effect to improved mortality benefits than those
obtained in the original screening trials.*' Norway provides an
ideal setting to study the effects of mammography screening,'” "*
but in two previous Norwegian studies that used an incidence
based mortality approach, only fractions of the available and
potentially important data were included in the analyses.® "'
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We analysed data from all women in Norway who were aged
50 to 79 during 1986 to 2009, the period during which the
Norwegian mammography screening programme was gradually
implemented (1995-2005). We compared the rates of deaths
from breast cancer among those who were invited to screening
(with a potential for screening effect) with those who had not
been invited to screening before breast cancer was diagnosed
(without a potential screening effect).

Methods

The Norwegian breast cancer screening
programme

The Norwegian breast cancer screening programme was initiated
by the Norwegian government in 1995 and introduced in four
counties in November of that year. The programme was
gradually implemented in the remaining 15 counties, with
complete national coverage achieved in 2005. The screening
programme is administered by the Norwegian Cancer Registry,
and all women aged 50-69 are invited to screening every two
years. Two view screening mammograms are taken in breast
diagnostic centres exclusively dedicated to the diagnosis and
treatment of breast diseases. Two readers independently evaluate
the mammograms, and women whose mammograms require
further consideration are referred for diagnostic mammography,
and, if necessary, for additional clinical evaluation. Attendance
for screening has been relatively stable, at approximately 76%.

The reporting of cancer to the Norwegian cancer registry is
mandatory, and diagnostic information is obtained separately
from clinicians, pathologists, and death certificates, with 0.2%
of all cancers ascertained only from death certificates." The
unique 11 digit personal identification number of each citizen
allows follow-up for cause specific mortality, which is provided
by Statistics Norway. We used data used on individual dates of
screening invitations, dates of breast cancer diagnoses, and dates
of breast cancer deaths.

Study participants

We included all Norwegian women aged 50 to 79 years between
1986 and 2009. The dynamic nature of inclusions and exclusions
to the cohort by age means that women contributed person years
of observation from the age when they were eligible to be
observed until they were censored from further observation,
either because of death (from breast cancer or other causes),
they had reached 80 years of age, or they had reached the end
of follow-up (31 December 2009). The actual number of
participating women in dynamic cohorts will vary for each given
year, but in 2000 a total of 638 238 women were under
observation, and the study included 15 193 034 person years of
observation.

The first invitation to take part in the Norwegian mammography
screening programme depended on the woman’s county of
residence and her birth cohort, but from 1995 to 2005 all women
in the country aged between 50 and 69 were gradually invited
to participate. The supplementary figure shows the mortality
rate of breast cancer in Norway (1986-2009) among women
aged 50-79 and the period during which the mammography
screening programme was implemented in Norwegian counties
(1995-2005).

Statistical analysis

In the analysis, we regarded women with a diagnosis of breast
cancer after the invitation date to mammography screening as
being exposed to screening, and women with a diagnosis of

breast cancer before the invitation date as being unexposed to
screening. To assess the effect of invitation to screening we
compared incidence based breast cancer mortality among women
invited to screening (intention to screen) with those not invited,
under the counterfactual assumption that if invited women had
not been invited, their risk of death from breast cancer would
be similar to that of women who had not (yet) been invited.

To account for differences in age and effects of birth cohort and
calendar time, we used a multivariable Poisson regression model.
To achieve optimal flexibility in the statistical adjustments, we
used natural splines to allow for non-linear variations in age,
period, and cohort effects (see R code in supplementary
appendix d). In sensitivity analyses, we also tested the statistical
models without smoothing of period and cohort effects, and we
used age and period models without the birth cohort variable
to limit the potential for colinearity. In addition because the
rates for breast cancer mortality differed slightly between
counties, we adjusted for county of residence. In the Poisson
regression analysis we took competing causes of death into
account by censoring from further follow-up those women who
died from causes other than breast cancer.

The time interval from diagnosis until death from breast cancer
varies from a few months to many years, and therefore we
carefully separated breast cancers diagnosed in women before
invitation to first screening from those diagnosed after invitation
to first screening to avoid misclassification of breast cancer
deaths according to exposure status (invited or not invited before
diagnosis). At the beginning of the implementation period in
each county almost all deaths from breast cancer occurred among
women with a diagnosis before screening invitations started.
Over time a gradually higher proportion of breast cancer deaths
could be attributed to breast cancers diagnosed after women
had been invited to screening. We accounted for this dynamic
change by estimating the proportion of the observed breast
cancer mortality that was expected to be due to cancers
diagnosed after the first screening invitation, assuming that
invitations to screening had no effect on breast cancer mortality.
In the estimation we used the interval from diagnosis until death
from breast cancer among women (in 10 year age groups) who
had not yet been invited. Thus we avoided the lead time bias
that would have occurred if we had used the interval from
diagnosis until breast cancer death among invited women. As
an offset in the statistical modelling we added to the model the
estimated proportion of breast cancer deaths that was attributed
to breast cancers diagnosed after screening invitation, thus
adjusting the expected breast cancer mortality for each group
according to invitation status (see supplementary appendix for
formulas and implementation).

The individual data were precisely split according to exposure
status, with separation of invited and not yet invited women
within each age-period-county combination during the
implementation period of mammography screening in each
county. Thus the analysis compares two groups, using detailed
information, with adjustment for differences by age, period,
cohort, and county. Using this dynamic modelling approach we
could utilise all the available individual data in the analysis,
without the limitation of selected comparison groups, as in
previous studies using data from Norway.® "'

To account for all random statistical uncertainty, we used
bootstrap replications and calculated 95% confidence intervals
for the estimated effects associated with invitation to
mammography screening. To test the robustness of the results,
we repeated the analyses under a broad range of statistical
assumptions, including a pure age-period-county model,
different smoothing of age and period effects, different choice
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of reference period and reference age groups, and varying the
effect of screening invitation by calendar year.

Since screening effects are likely to vary by age and time since
screening, these variables may not be balanced between
comparison groups. In a separate sensitivity analysis we
therefore weighted the screening variable based on the simulated
screening effects by age and time since screening provided by
the CISNET (Cancer Intervention and Surveillance Modeling
Network) Stanford simulation model.'*?'

We also calculated the number of women who need to be invited
to screening to prevent one death from breast cancer. The
number relates to Norwegian women in the age group 50-69
years in 2009. Firstly, we assumed an effect of screening
invitations corresponding to the reduction in breast cancer
mortality that we observed in our data. Secondly, we used the
observed breast cancer mortality in Norway in 2009 and adjusted
for the observed reduction in mortality associated with invitation
to mammography screening. Thus we could estimate the likely
breast cancer mortality in the absence of screening. Thirdly, we
used the observed all cause mortality in Norway in 2009 and
calculated the probability that women who were first invited at
50 years of age were alive at a given age (51, 52, 53, and so on
up to 79 years of age). Effects of screening are likely to vary
by age and by time since screening, but these effects are difficult
to estimate empirically owing to a limited number of
observations. Therefore we applied the CISNET Stanford model
scaled to the observed Norwegian breast cancer mortality
reduction to estimate the likely screening effects by age and
time since screening. In the CISNET Stanford model, smaller
tumour size and lower clinical stage at diagnosis resulting from
an earlier diagnosis is assumed to explain potential reductions
in breast cancer mortality. By combining the breast cancer
mortality rates in Norway in 2009, the estimated reduction in
breast cancer mortality, and the CISNET Stanford simulation
model, we calculated the absolute reduction in breast cancer
mortality that could be attributed to screening within each age
group. After combining the estimated reduction in breast cancer
mortality with the probability of reaching a certain age, given
the observed all cause mortality in 2009, we could summarise
the data and estimate the probability that one death from breast
cancer could be avoided by being invited to mammography
screening. Thus the inverse of that probability yielded the
number of women aged 50-69 who need to be invited to
screening to prevent one death from breast cancer during their
lifetime. (See the spreadsheet in the supplementary appendix
for further details.)

All statistical analyses were conducted using the R statistical
package® (see the supplementary appendix for details of the
calculation).

Results

During 15 193 034 person years of observation, breast cancer
deaths occurred in 1175 of the women invited to mammography
screening and in 8996 of the women who were not invited. After
adjustment for age, birth cohort, county of residence, and
underlying national trends in breast cancer mortality, the
mortality rate ratio associated with being invited to screening
was 0.72 (95% confidence interval 0.64 to 0.79), indicating a
28% lower risk of death from breast cancer in women who were
invited for screening compared with women who were not
invited (table 1])).

After the invitations to screening had ended (at 70 years of age),
we found that the benefit for breast cancer mortality persisted
(table 2[]), but with a possible gradual decline by time since

screening (P for trend 0.35). Thus, between five and 10 years
after the invitations to screening had ended, the adjusted
mortality rate ratio was 0.79 (95% confidence interval 0.57 to
1.01).

To test the robustness of the findings we repeated the analyses
under different statistical assumptions (sensitivity analyses),
including leaving out the cohort effect, using non-smoothed
period effects, and weighting the screening effect by age and
time since screening (table 3}). However, these additional
procedures did not substantially influence the estimated effect
and yielded mortality rate ratios ranging from 0.71 to 0.75. By
introducing a period dependent screening effect, the results
suggested a possible increasing reduction in breast cancer
mortality by calendar year, but that analysis had limited
statistical power (P=0.29).

We also estimated how many women between 50 and 69 years
of age would need to be invited to mammography screening to
prevent one death from breast cancer, based on the estimated
effect on breast cancer mortality that we found in this study and
the observed all cause and breast cancer specific mortality in
Norway in 2009. Overall, 368 (95% confidence interval 266 to
508) women in the age group 50-69 years would need to be
invited to biennial mammography screening to prevent one
death from breast cancer during their lifetime (see supplementary
appendix table for calculation).

Based on the estimated effect of screening invitations (table 1),
we also estimated the effect of mammography screening among
women who actually attended (approximately 76% of invited
women). Thus attendance may be associated with a 37%
reduction in breast cancer mortality (0.28/0.76=0.37), and 280
women would need to attend screening to prevent one death
from breast cancer (368x0.76=280).

Discussion

In this study, based on more than 15 million person years of
observation, we estimated that invitation to mammography
screening was associated with a 28% reduced risk of death from
breast cancer compared with not being invited to screening, and
that 368 women need to be invited to screening to prevent one
death from breast cancer. The screening effect persisted but
seemed to be gradually reduced after invitations to screening
had ended. The large population and long follow-up of mortality
provided precise estimates and suggests that chance is unlikely
to explain the main findings of the study.

Strengths and limitations of this study

Modern treatment has reduced the number of deaths from breast
cancer,” and in the analysis we took into account the effect of
changes in nationwide treatment by adjusting for trends in
national breast cancer mortality. To improve and standardise
breast cancer treatment across Norway, clinical guidelines were
implemented before mammography screening became
established. Although some differences in treatment may remain,
such differences are unlikely to be systematically related to
mammography screening status (invited or not invited).
However, breast diagnostic centres were established in parallel
with the Norwegian mammography screening programme and
resulted in centralisation of care for women with breast cancer.
We cannot exclude the possibility that organisational aspects
of care related to these centres may have contributed to some
of the decrease in breast cancer mortality that we observed after
invitations to screening.
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Before the national screening programme, mammography
screening was available at private radiology institutions, and
many women had mammograms for clinical or screening
purposes.” Assuming that screening activity was highly frequent,
an increase in breast cancer incidence and some increase in
ductal carcinoma in situ would be expected to precede the
implementation of the screening programme. However, in
contrast with this expectation, no clear increase in incidence
was observed before the national mammography screening
programme was established.” * Therefore it seems unlikely that
screening activity before the national programme could have
substantially influenced and attenuated the results of the present
study.

Comparison with other studies

In some studies, women who attended for mammography
screening were compared with women who did not attend. In
areview of studies that compared breast cancer mortality in
women who did and did not attend for screening programmes
in Europe, attendance was estimated to be associated with a
breast cancer mortality benefit of 31%.'* In a recent Norwegian
study, attendance was associated with a mortality benefit of
43% . Attendance does, however, imply an active choice, and
women who choose to attend may differ from those who choose
not to attend in ways that may lead to biased estimates of the
screening effect.”’ To prevent such a bias we analysed the data
according to whether women were invited or not invited to
screening (intention to screen).

Two previous prospective studies in Norway also used incidence
based mortality to assess the potential benefits of mammography
screening.® "' In contrast with the present study, those studies
restricted the analyses to selected comparison groups (birth
cohorts or counties) and reported moderate mortality benefits
(10% and 11%, respectively) with low precision (wide
confidence intervals). In the study by Kalager and colleagues,*
the low precision was due to a short follow-up of mortality,
which ended in 2005. Another limitation was that instead of
using detailed information about the actual age of the women
and date of screening invitations in each county, the investigators
used broad categories that probably resulted in some
misclassification of exposure (screening or not, in relation to
diagnosis). Also, the investigators included breast cancer deaths
based on time of diagnosis and not on the actual time of death.
Therefore, women with an earlier diagnosis as a result of
screening were more likely to be included as invited cases
(deaths) than were unscreened women, whose diagnosis was
not forwarded by the screening facility. As a consequence, the
association of screening invitation with breast cancer mortality
is likely to be diluted in that study. In a separate analysis, we
limited our data to more closely match that of Kalager and
colleagues’,® and found a reduction in breast cancer mortality
of 14% associated with an invitation to screening, which is
slightly stronger than the effect reported by the investigators
using even fewer detailed data. In the study by Olsen and
colleagues,' effects of mammography screening were only
assessed for selected birth cohorts and only in the four counties
where the screening programme was first introduced. Therefore
the investigators missed any effect in the remaining birth
cohorts, as well as in the other 15 Norwegian counties.

In a recent comprehensive review of European studies,” two
(from Denmark and Finland) that used incidence based mortality
were identified as particularly reliable.’ * According to those
studies, the mammography screening programme in Copenhagen
was associated with a 25% reduction in breast cancer mortality,’
and in Finland, a reduction of 24% was attributed to the recently

established mammography screening programme. The Finnish
study, however, was associated with substantial statistical
uncertainty.”

It has been questioned whether the evidence from the original
screening trials is still relevant within the context of modern
treatment for breast cancer,’ ® and with generally greater
awareness of the disease among women. Our findings, as well
as the results from the Danish and Finnish studies,’” ** suggest
that the relative effectiveness of mammography screening is
comparable to the efficacy reported from some of the
randomised screening trials.” *

In our study the estimated benefit for breast cancer mortality
(28%) associated with invitation to mammography screening
indicates a substantial effect, but evolving improvements in
treatment will probably lead to a gradual reduction in the
absolute benefit of screening.™ Based on breast cancer mortality
data from 1980, the Euroscreen Working Group estimated that
111 to 143 women would need to be screened to prevent one
death from breast cancer.” Using breast cancer mortality data
from 2009, we estimated that 368 women in the age group 50-69
years would need to be invited to screening to prevent one death
from breast cancer during their lifetime. Our higher number is
partly attributable to different assumptions about the duration
of the effect of screening and partly attributable to lower breast
cancer mortality in the absence of screening. The secular decline
in breast cancer mortality caused by progress in treatment is
substantial, and one consequence of further improvements in
treatment is that increasingly more women will need to be
invited to mammography screening to prevent one death from
breast cancer.

Instead of using individual screening information (incidence
based analysis), other researchers have related the timing of
introducing mammography screening to time trends in breast
cancer mortality.”® * In these studies, breast cancers that were
diagnosed before screening cannot be reliably distinguished
from screening detected cancers. In a separate analysis of our
data, we disregarded individual information about the time of
diagnosis, and similar to studies using mortality trend analysis,
we also found no association of the time that mammography
screening was implemented with breast cancer mortality (data
not shown). This illustrates how important it is to properly
separate breast cancers according to screening status at
diagnosis, otherwise any effect of screening will be diluted and
cannot be attributed to screening.” Therefore, incidence based
mortality and detailed screening status are necessary
requirements for an appropriate assessment of the effectiveness
of mammography screening.”

To avoid bias by subjective modelling, we developed a detailed analysis
protocol and submitted it to the Norwegian Research Council before
data delivery from the Norwegian Cancer Registry. This study is based
on data from the Cancer Registry of Norway. The interpretation and
reporting of these data are the sole responsibility of the authors, and
no endorsement by the Cancer Registry of Norway is intended nor
should be inferred. We thank Sylvia Plevritis and Diego Munoz for
providing inputs needed to derive the number of woman needed to
screen to avoid one breast cancer death; these inputs were taken from
the Stanford breast cancer screening model, funded by the National
Cancer Institute CISNET programme U01CA159256, and were
generated for this study.
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What is already known on this topic

Randomised trials from the 1970s and 80s suggested that mammography screening prevents deaths from breast cancer

The methods used by some of the original studies have been criticised, and this has raised doubts about the validity of the findings

New trials on screening are unrealistic, and updated observational studies are needed to reliably compare the effects on breast cancer

mortality among screened and unscreened women

What this study adds

Women invited to screening in the Norwegian mammography screening programme were at a 28% lower risk of death from breast

cancer than women who had not (yet) been invited
Attendance was associated with a 37% lower risk

368 women aged 50-69 would need to be invited to biennial mammography screening to prevent one death from breast cancer during

their lifetime
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Tables

| Mortality rate ratio of breast cancer among women aged 50-79 who were invited or not invited (reference) to the Norwegian
mammography screening programme, 1986-2009

Screening status  Deaths from breast Unadjusted rate Age adjusted rate  Adjustedt mortality rate
cancer Person years*  Rate* (per 100 000) ratio* ratio* ratio (95% CI)

Not invited 8996 12785 325 70.4 1.0 (reference) 1.0 (reference) 1.0 (reference)

Invited 1175 2407 709 48.8 0.69 0.71 0.72 (0.64 to 0.79)

*Using incidence based mortality with separation of breast cancer cases (and corresponding person years at risk) diagnosed before and after invitation to the
screening programme.
tAdjusted for age, birth cohort, national breast cancer mortality trends, and county of residence.
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| Breast cancer mortality rate ratios associated with invitations to mammography screening programme in relation to screening

period

Screening period Mortality rate ratio (95% CI)
During active (biennial) screening period of programme (age 50-69) 0.70 (0.62 to 0.78)
During first five years after invitations to screening ended 0.77 (0.64 to 0.89)

5-10 years after invitations to screening ended 0.79 (0.57 to 1.01)
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| Breast cancer mortality rate ratios associated with invitations to mammography screening programme in alternative (sensitivity)
analyses under different statistical assumptions

Statistical assumptions Mortality rate ratio (95% Cl)
Main estimate (from table 1) 0.72 (0.64 to 0.79)
Alternative analyses:

Screening effect weighted by time since first or last screening® 0.72 (0.65 to 0. 80)
Model without birth cohort effects 0.75 (0.67 to 0.82)
Model without smoothing of period effects 0.72 (0.64 to 0.79)
Including broader groups (age 40-89 during 1961-2009), screening effect weighted by time since 0.75 (0.67 to 0.80)

first or last screening,* and applying incidence based mortality based on pre-screening data

*According to Cancer Intervention and Surveillance Modeling Network Stanford model, and scaled equal to a constant screening effect between 50 and 74 years
of age.
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