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Abstract Inspired by the model by Walter and Day for risk
of cervical cancer following negative screens, one might
hypothesize that women in a mammography screening
programme with a certain number of negative screens had a
lower remaining breast cancer risk than that of women in
general. We studied whether number of negative screens
was a predictor for a low remaining breast cancer risk in
women participating in the mammography screening pro-
grammes in Stockholm, Copenhagen and Funen. Data were
collected from the mammography screening programmes in
Stockholm, Sweden (1989-2012), Copenhagen, Denmark
(1991-2009) and Funen, Denmark (1993-2009), and linked
to the respective cancer registries. We calculated cumulative
hazard rates for breast cancer in women in cohorts defined
by age at entry and number of negative screens for the
maximum follow-up period in each screening centre. For all
centres and cohorts, the cumulative hazard were parallel for
all number of negative screens, from after the time, when the
women were scheduled to be invited for the next screen. This
means that the remaining breast cancer risk is similar no
matter how many negative screens a woman have had.
Number of negative screens was not a predictor of a low
remaining breast cancer risk in women participating in the
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mammography screening programmes in Stockholm, Swe-
den, Copenhagen and Funen, Denmark. The history of pre-
vious negative screens is therefore not suitable for
personalisation of mammography screening.
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Introduction

The majority of randomized trials of mammography
screening have shown a 20-30 % reduction in breast can-
cer mortality at population level [1]. Following these ran-
domized trials, national screening recommendations as
well as guidelines from the European Commission [2] were
issued and aided in establishing organised mammography
screening programmes in several European countries.

Within the organized programmes, screening is offered
equally to all women in the targeted age groups. As
knowledge concerning breast cancer risk factors has
accumulated [3, 4], efforts are now focused on improving
screening by stratifying the screening schedule by risk
factors. Several studies have for instance modelled the
expected screening outcome by polygenic risk score and
other known breast cancer risk factors [5-9]. Inspired by
the model developed by Walter and Day [10] for evaluation
of cervical cancer screening, we hypothesized that women
with a certain number of negative screens belong to a
particular group of women with a remaining breast cancer
risk lower than that of women in general. We studied
whether a certain number of negative screens are a pre-
dictor for a low remaining breast cancer risk in women
participating in the mammography screening programmes
in Stockholm, Copenhagen and Funen.
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Materials and methods

Service mammography screening started in Stockholm,
Sweden in 1989, and in Copenhagen and Funen, Denmark
in 1991 and 1993, respectively, with biennial screening
offered to women aged 50-69 years. All targeted women
were personally invited to screening, however, in Funen
invitation stopped in non-attending women. In order to take
account of age, calendar year and number of offered
screens, we studied a fixed cohort of women aged
50-64 years and living in Stockholm/Copenhagen/Funen,
at the first date of the first invitation round of the respective
programme, Fig. 1 shows the Copenhagen example.
Women aged 65-69 at the first date of the first invitation
round was not included as these women would have very
few screens before leaving the programmes at age 70.

Data sources

In Stockholm, data were collected from the mammography
screening register which includes data originating from the
Swedish Population Register and the Stockholm Gotland
Regional Cancer Register [11]. All women invited for any
of the invitation rounds were included in the Stockholm
mammography screening register, as well as dates of
screening, dates of diagnosis, screening diagnosis, and all
procedures following each screen. The Stockholm screen-
ing register includes all women resident in the county since
1989 and is updated with vital status and emigration on a
weekly basis. Cancers diagnosed outside the screening
programme (but within the region) were identified from the
regional cancer register. Data linkage was made using the
unique identification number issued to all Swedish resi-
dents. Women were observed from the first date of the first
invitation round until date of breast cancer, death, emi-
gration, or end of follow-up, being 31 December 2012 for
Stockholm, whichever of these dates came first.

In Denmark, data were retrieved from the Mammogra-
phy Screening Database [12]. This database includes data
from the Copenhagen and Funen programmes coupled with
data from the Danish Civil Registration System (CRS), the
Danish Cancer Registry, the Danish Breast Cancer Coop-
erative Group, and the National Pathology Register. The
database includes information on dates of invitation, par-
ticipation, outcome of each screen, interval cancers, vital
status and emigrations. Data were linked using the unique
identification number issued to all Danish residents.
Women were observed from the first date of the first
invitation round until date of breast cancer, death, emi-
gration, or end of follow-up, being 30 November 2009 for
Copenhagen and 31 December 2009 for Funen, whichever
of these dates came first.
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Definitions

A negative screening outcome was defined as a screening
session without identified abnormalities (equal to BI-
RADS 1, 2 and part of 3), which included women with a
positive screen and a negative assessment, i.e. women with
false positive tests.

A breast cancer was an invasive breast cancer, equal to
ICD-10 C50, or a carcinoma in situ, equal to ICD-10 DOS.
We distinguish between screen-detected breast cancers and
non-screen-detected breast cancer, in the following called
other breast cancers.

An invitation round was defined as a period of
approximately 2 years in accordance with the administra-
tion of the respective programme.

Analysis

In the analysis women were divided into three fixed
cohorts:

Cohort 1: women aged 50-54 years at first date of first
invitation round and living in the screening area on this
date.
Cohort 2: women aged 55-59 years at first date of first
invitation round and living in the screening area on this
date.
Cohort 3: women aged 60-64 years at first date of first
invitation round and living in the screening area on this
date.

Each of these 3 cohorts was further stratified by number
of negative screens:

0 Negative screening outcome: Women were in this
group from the date the screening programme started,
until the date of their first negative screening outcome,
date of breast cancer diagnosis (both screen-detected and
cancers detected outside the programme), death, emi-
gration, or end of follow-up, whichever came first, see
Fig. 2.

1 Negative screening outcome: Women attending
screening in the first invitation round and having a
negative screening outcome. Women were in this group
until the date of their second negative screening
outcome, date of breast cancer diagnosis, death, emi-
gration, or end of follow-up, whichever came first, see
Fig. 2.

2 Negative screening outcome: Women attending the
first two invitation rounds and at both screenings having
a negative screening outcome. Women were in this
group until the date of their third negative screening
outcome, date of breast cancer diagnosis, death,
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Fig. 1 Cohorts 1, 2 and 3 in 78
Copenhagen. Age was defined
as age at entry = start of first
invitation round in 1991. Green
area is follow-up after screening
program exit 75
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emigration, or end of follow-up, whichever came first,
see Fig. 2.
And so on.

For each cohort, we calculated the cumulative hazard
rate of breast cancer by time since first screening date and
number of negative screening outcomes.

By definition, a woman with x negative screening out-
comes, who have a screen-detected breast cancer at her
next screen, will remain in the x negative screening

1997 1999 2001 2003 2005 2007 2009
Year

outcome group, and her screen-detected breast cancer will
contribute to the cumulative hazard for the x negative
screening outcome group. Since a lot of the breast cancers
are screen-detected, the cumulative hazard for the x neg-
ative screening outcome group will increase around the
time where the women are screened again. If the cumula-
tive hazards from two groups are proportional from a
certain point in time it means that from this point in time,
the two groups have the same remaining breast cancer risk.
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Fig. 2 Flow diagram illustrating the successive sub-cohorts defined
by previous number of negative screening outcomes

Until women in both groups have been invited for their
next screening and the cumulative hazard have increased
due to this, the cumulative hazard cannot be proportional,
since the increase does not happen at the same time. If the
cumulative hazards from two groups (women with x and
x—1 negative screening outcomes) are proportional from
the time where women with X negative screening outcomes
are no longer invited at next screen, then the remaining
breast cancer risk is equal for women with x and x—1
negative screening outcomes, respectively.

For the Stockholm data we used STATA version 12, and
for the Danish data SAS version 9.1.2.

Results
Tables 1, 2 and 3 show the data for all the three cohorts in

the three screening centres, respectively. In all cohorts in
all three centres, the number of women was largest in the
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Table 1 Numbers of women in sub-cohorts defined by number of
previous negative screening outcomes, screen detected breast cancers,
other breast cancers, and total number of breast cancers for the
Stockholm mammography screening programme 1989-2012

Negative  Number of Screen detected Other  Total
screening women cancers breast  breast
outcome cancers cancers
number
Cohort 1
1 24,604 122 165 287
2 20,808 85 106 191
3 18,633 73 72 145
4 17,065 73 76 149
5 15,698 90 74 164
6 14,083 86 65 151
7 12,670 71 41 112
8 11,295 55 99 154
9 7,763 44 151 195
Cohort 2
1 21,808 112 177 289
2 18,480 91 107 198
3 16,643 77 75 152
4 15,209 67 78 145
5 13,912 91 90 181
6 11,934 44 205 249
7 6,208 8 149 157
8 1,621 0 48 48
Cohort 3
1 21,846 80 158 238
2 18,563 81 105 186
3 16,574 66 196 262
4 12,692 30 279 309
5 6,135 4 227 231
6 641 0 29 29

group of 1 negative screening outcome and this number
declined with increasing number of negative screening
outcomes. This is due to the fact that women with 5 neg-
ative screening outcomes will necessarily have had 4
negative screening outcomes prior to the fifth one, as well
as 3, 2 and 1 prior to the fourth one. However, the breast
cancer cases were not passed from one group to the next, as
follow-up was discontinued when a woman was diagnosed
with breast cancer.

In Stockholm, the 20,808 women in cohort 1 with 2
negative screening outcomes had 85 screen-detected can-
cers and 106 other breast cancers from the time they had
their second negative screening outcome until they had
their third negative screening outcome, emigrated, died or
end of follow-up. In total, the 20,808 women had 191
breast cancers when belonging to the 2 negative screening
outcomes group. The 7763 women in cohort 1 with 9
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Table 2 Numbers of women sub-cohorts defined by number of
previous negative screening outcomes, screen detected breast cancers,
other breast cancers and total number of breast cancers for the
Copenhagen mammography screening programme 1991-2009

Table 3 Numbers of women sub-cohorts defined by number of
previous negative screening outcomes, screen detected breast cancers,
other breast cancers and total number of breast cancers in the Funen
mammography screening programme 1993-2009

Negative Number of Screen Other Total Negative Number of women Screen  Other  Total

screening women detected breast breast screening detected breast  breast

outcome number cancers cancers cancers outcome number cancers — cancers —cancers

Cohort 1 Cohort 1
1 7,351 28 76 104 1 12,118 40 37 77
2 5,895 27 55 82 2 11,325 47 51 98
3 5,065 29 35 64 3 10,696 58 40 98
4 4,441 32 25 57 4 10,137 58 29 87
5 3912 21 26 47 5 9,636 74 26 100
6 3,472 31 26 57 6 9,080 81 33 114
7 3,006 20 11 31 7 8,223 - - 78
8 2,253 . . 22 Cohort 2

Cohort 2 1 10,344 61 36 97
1 7,087 27 77 104 2 9,537 45 32 77
2 5,610 37 38 75 3 8,930 64 31 95
3 4,759 31 26 57 4 8,333 62 35 97
4 4,121 22 28 50 5 7,772 54 44 98
5 3,588 38 18 56 6 5,882 30 31 61
6 3,001 11 30 41 7 2,929 = = 20
7 1,474 0 10 10 Cohort 3

Cohort 3 1 9,020 49 26 75
1 7,462 49 78 127 2 8,149 59 30 89
2 5,789 26 38 64 3 7,370 20 87 107
3 4,861 23 69 92 4 4,295 15 48 63
4 3,208 8 65 62 5 1,521 3 20 23
5 1,317 0 47 47 6 395 3 1

a 7 266 = = 5

Information missing

negative screening outcomes had in total 195 breast can-
cers while being in this group. The fact that the 9 negative
screening outcomes group had more breast cancers than the
2 negative screening outcomes group does not imply that
the 9 negative screening outcomes group had a higher
cumulative breast cancer incidence as the two groups did
not have the same follow-up time.

The mammography screening programme in Funen had
more screen-detected breast cancers than the programmes
in Copenhagen and Stockholm, probably due to a higher
proportion of women who participates in all screenings
offered to them.

Figure 3 show the cumulative breast cancer hazard in
the Stockholm, Copenhagen and Funen mammography
screening programmes by number of negative screening
outcomes. The figures look remarkably alike for the 3
centres. Since we calculated only cumulative hazard from
the time of the start of the screening programme, and since
women with a recent breast cancer diagnosis was not
invited to screening, women with 1 negative screening

% Information missing

outcome had by definition a cumulative breast cancer risk
of 0 at the time of their first invitation to screening
(0-2 years). Women with 1 negative screening outcome
(the blue dots) will have their next screen at approximately
2 years later (2—4 years after the start of the screening
programme), where the cumulative hazard curve increased
dramatically due to screen-detected cancers, where after it
slowed down. It should be noted that at this point in time
the majority of women had left this cohort and moved on to
the cohort with 2 negative screening outcomes. Exactly the
same picture was seen for women with more negative
screening outcomes. When the cohort of women turns so
old that not everyone is invited to the next screening, then
the cumulative hazard curve will not increase so dramati-
cally at the time of the next screen.

For all centres and cohorts, the cumulative hazards are
parallel for all number of negative screening outcomes
from after the time when the women were scheduled for the
next screen. This means that the future risk of getting
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Fig. 3 Cumulative hazards of breast cancer by time since first screening and number of negative screening outcomes

breast cancer after having participated in a screening does
therefore not seem to depend on previous number of neg-
ative screening outcomes.

Discussion

We wanted to test the hypothesis that women with a certain
number of negative screening outcomes constituted a
subpopulation with a lower than average breast cancer risk.
Our data did not support this hypothesis.

It was a major strength of this study that we had access
to each individual woman’s complete screening history and
follow-up data. It was furthermore a strength that the same
pattern was found in 3 independent service mammography
screening programmes.

One of the weaknesses in the study was the short follow-
up time in Copenhagen and Funen for women with a his-
tory of many negative screening outcomes. A woman who
had accumulated 7 negative screening outcomes in
Copenhagen had only a follow-up time of a maximum of
6 years. With records going back to 1989, the follow-up
time in Stockholm for the same group of women was
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longer resulting in a follow-up time of a maximum of
11 years. Since the same pattern was seen in all 3 pro-
grammes until the end of the follow-up time in Copenha-
gen and Funen, it seems likely that the pattern seen
afterwards in Stockholm was representative for all 3
programmes.

In Stockholm, breast cancers diagnosed outside the
programme in women who had moved out of the Stock-
holm region were not included. This is probably a small
number of breast cancers, and it is unlikely to have affected
the patterns of cumulative hazards, as we saw similar
patterns in all 3 programmes.

We have undertaken sensitivity testing by looking at
2-year age cohorts instead of 5-year age cohorts in order to
examine whether there was in fact an age effect that could
be clouded by the use of a broader age span. However, this
analysis did not reveal any age effect (data not shown).

A few studies have reported on the impact on breast
cancer detection of the length of the screening interval [13—
15]. However, we found no study focusing on the impact of
repeated screening attendance on breast cancer detection.
Our study showed that the remaining risk of breast cancer
did not decrease with increasing number of negative
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screening outcomes. Based on these data it can therefore
not be recommended to cease invitation to screening after a
few screening rounds, and women should be encouraged to
continue attendance even after repeated negative screening
outcomes.

Conclusion

Our results show that women in a mammography screening
programme with a high number of previous negative
screening outcomes did not have a lower breast cancer risk
than women with a low number of previous negative
screening outcomes. Therefore it is not possible to per-
sonalize mammography screening schedules based solely
on prior screening history.
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