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Abstract

Background: We estimated breast cancer (BC) mortality reduction associated with invitations to a nationwide population-
based screening program and with changes in treatment.
Materials and methods: BreastScreen Norway started in 1996 and became nationwide in 2005. It invites women aged 50–69
years to biennial mammographic screening. We retrieved individual-level data for 1 340 333 women from national registries.
During 1996–2014 (screening window), women contributed person-years in noninvited and invited periods. We created com-
parable periods for 1977–1995 (prescreening window) by dividing the follow-up time for each woman into pseudo-noninvited
and pseudo-invited periods. We estimated BC mortality for the four periods, using the so-called evaluation model: counting
BC deaths in each period for all women diagnosed within the period and counting BC deaths and person-years after
screening-age for those diagnosed within screening age. We used a multivariable flexible parametric survival model to esti-
mate hazard ratio (HR) for the effect of invitation and improved treatment.
Results: Using the regression approach, we found 5818 BC deaths across 16 533 281 person-years. Invitations to screening re-
duced BC mortality by 20% (HR ¼ 0.80, 95% confidence interval [CI] ¼ 0.70 to 0.91) among women 50 years and older and by
25% (HR ¼ 0.75, 95% CI ¼ 0.65 to 0.86) among screening-aged women. The treatment effect was 23% (HR ¼ 0.77, 95% CI ¼ 0.65
to 0.92) for women 50 years and older and 17% (HR ¼ 0.83, 95% CI ¼ 0.74 to 0.94) for screening-aged women.
Conclusion: We observed a similar reduction in BC mortality associated with invitations to screening and improvements in
treatment during 1977–2014, among women 50 years and older.

Mammographic screening aims to reduce breast cancer (BC)
mortality by detecting the disease at an early stage. Review
studies have confirmed the efficacy using results from random-
ized, controlled trials performed several decades ago (1–4). The
trials reported a mortality reduction of about 20% among invited
women (1–5), whereas screening programs yielded a higher re-
duction (2,4,6–8). Improvements in screening techniques and
treatment after the trials likely contributed to the lower mortal-
ity observed in the programs. Estimating BC mortality associ-
ated with screening programs is challenging because of a lack of
control groups and uncertainties around the contribution of
improvements in BC awareness, treatment, and care (8–10).

Continuous evaluation of BC mortality is essential to ensure
the quality of screening programs. This requires long follow-up,

because early detection and detection of small, low-prolifera-
tion tumors, in combination with improved treatment, prolong
survival (11). Various approaches have been used to evaluate BC
mortality reduction following the implementation of organized
BC screening in Norway, and estimates range from 7% to 28%
for invited vs noninvited women (7,12,13). However, some of
these studies were limited by short follow-up. A recent study
using aggregated Norwegian data reported a 20% reduction in
BC mortality after the implementation of organized screening
but ascribed most of the effect to improved treatment (14).
Importantly, none of these studies used individual-level data
about screening history, BC diagnosis, or mortality from the
periods before and after implementation of the screening
program.
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In this study, we used nationwide individual-level data to
estimate long-term BC mortality during the last two decades
among women invited to a population-based screening pro-
gram in Norway. Further, we estimated the reduction in BC
mortality that was not attributable to invitation as a surrogate
measure of the effect of improved treatment.

Material and Methods

BreastScreen Norway

BreastScreen Norway, the population-based screening program
in Norway, was introduced in four counties in 1996 and became
nationwide in 2005 after a staggered rollout (15). The screening
program offers biennial two-view mammography to all women
registered in the Population Registry who are aged 50–69 years
during a given screening round (2-year period). Because of the
staggered rollout, the screening cohorts differed slightly be-
tween counties. Moreover, some women can be aged 48 or
49 years when they are invited to screening because they will
turn age 50 years during the screening round. Similarly, women
may be age 50 years during the screening round but not receive
an invitation until they are age 52 years. These women may re-
ceive their final (10th) invitation to screening at age 71 years.
During the first 20 years of the program, the attendance rate
was 75% for each screening round, and 84% of the invited
women had attended at least once.

Data Extraction

We used the Population Registry in Norway to identify all
women born after 1907 and residing in Norway between 1977
and 2014 (study period). We extracted individual-level data
about immigration and emigration from the Population
Registry, and information on cause and date of death was
extracted from the Cause of Death Registry. Information about
screening history and diagnosis was extracted from the Cancer
Registry of Norway. Data were merged using the 11-digit per-
sonal identification number assigned to all residents. The re-
gional committee for medical and health research ethics
approved this study (REK 2013/795).

Study Population, Prescreening, and Screening Window

We divided the study period (1977–2014) into two: prescreening
window (1977–1995) and screening window (1996–2014).

Women entered our study population either on the date of
their 50th birthday, immigration between the ages of 50 and
69 years (inclusive), or the window start (January 1, 1977, for the
prescreening window; January 1, 1996, for the screening win-
dow), whichever occurred last. The prescreening window in-
cluded women free from BC, born 1907–1945, whereas the
screening window included women free from BC, born 1926–
1964 (Figure 1). We followed women for BC death until date of
emigration, death from other causes, or end of follow-up
(December 31, 1995, for the prescreening window; December 31,
2014, for the screening window), whichever occurred first. All
dates were provided as month and year; the date of window
start was assigned to the first day of the month, invitation to
the 12th, screening examination to the 13th, diagnosis of BC to
the 14th, emigration or death to the 15th, and end of follow-up
to the 31st.

We classified the women as invited after receiving an invita-
tion to participate in BreastScreen Norway, regardless of
whether they participated. No women were invited during the
prescreening window. To compare BC mortality in the prescre-
ening and screening windows, we created a distribution of
made-up invitations (pseudo-invitations) in the prescreening
window (1977–1995) to obtain a group of pseudo-invited and
pseudo-noninvited women. These two groups mirrored the
groups of invited and noninvited women in the screening win-
dow (1996–2014). The term period was used for the individual
woman’s contribution of person-years in the four different
groups (pseudo-noninvited, pseudo-invited, noninvited, and
invited).

We used two independent approaches, regression and
matching, to create the distribution of pseudo-invitations.
This allowed the identification of possible discrepancies be-
tween outcomes from the two approaches or, in case of similar
outcomes, proved the robustness of the estimates under in-
vestigation. The approaches are described below and in
Figure 2, A and B.

The same women could be included in the (pseudo-)nonin-
vited and in the (pseudo-)invited periods and in the prescreen-
ing and screening windows, contributing with person-years in
different age spans. We excluded women invited before age 50
years and censored women invited after age 70 years.

Statistical Analyses

To compare BC mortality during the four periods (pseudo-non-
invited, pseudo-invited, noninvited, and invited), two statisti-
cians independently carried out the two approaches: the
regression approach (by SS using STATA version 15.1, Stata
Corp, TX) and the matching approach (by EB using SAS version
9.4, SAS Institute, Cary, NC).

In the regression approach, we randomly assigned pseudo-
invitations during the prescreening window, following the
same distribution as the true invitations in the screening win-
dow. For each combination of 5-year age groups, county, and
time between January 1, 1996, and the date the women entered
the period (5-year intervals), we replicated the invitation distri-
bution in the prescreening window. For example, if 3% of
women aged 60–64 years in January 1996 residing in county X
were invited in March 1996, then 3% of women aged 60–64 years
in January 1977 residing in county X were assigned a pseudo-
invitation in March 1977 (Figure 2A).

In the matching approach, we first identified women who
could contribute person-years to the noninvited and the
pseudo-noninvited period (Figure 2B). Women from the two
periods were matched 1 to 1 on county of residence, age when
entering the study (6 1 year), and time between the window
start date (January 1, 1977, or 1996) and the date the women en-
tered the period (6 1 year). For all matched pairs, the longest
follow-up time was censored so that both women were followed
for the same time (16) to obtain comparable age distributions
between noninvited and pseudo-noninvited women. However,
in the evaluation model (see below), matched pairs could have
different follow-up times if the follow-up exceeded the screen-
ing age for one of the women. We then identified invited
women from the screening period (1996–2014) and women
available for inclusion in the pseudo-invited prescreening pe-
riod (1977–1995). Person-years previously used in the pseudo-
noninvited period were no longer available. Using the same cri-
teria applied to the (pseudo-)noninvited women, the (pseudo-)
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invited women were matched one to one and the longest
follow-up time was censored to obtain equal follow-up within
pairs. Given the matching design and the censoring, we
expected less women and follow-up time in the matching com-
pared with the regression approach.

For both the regression and matching approach, we used the
follow-up and the evaluation model described by Nyström et al
(17) to estimate BC mortality. The former counts BC deaths in
each of the four periods for women diagnosed within the same
period. The latter is similar but counts BC deaths and person-
years only for women diagnosed within the screening age.

With the two approaches and the two models, we estimated
BC mortality as the number of BC deaths divided by the number
of person-years at risk in the four periods. The rate ratio (RR) of
BC mortality between the noninvited and pseudo-noninvited
women was interpreted as the change in BC mortality over time
due to BC treatment, awareness, and care (treatment effect).
This effect was assumed to be linear over time. The RR of BC
mortality between the invited and pseudo-invited women was
interpreted to include both the treatment effect and the effect
of invitation to BreastScreen Norway (invitation effect). The
treatment effect was assumed to be equally strong for the
pseudo-noninvited vs noninvited as for the pseudo-invited vs
the invited (linear assumption). Thus, in the matching ap-
proach, the invitation effect was expressed as a ratio of rate ra-
tios (RRR) (mortality in the invited period/mortality rate in the
pseudo-invited period)/(mortality rate in the noninvited period/
mortality rate in the pseudo-noninvited period).

In the regression approach, we estimated the effect of being
invited to BreastScreen Norway by fitting a flexible parametric
survival model with a covariate for the prescreening or screen-
ing window, a covariate for invitation status, and an interaction
term between the two, adjusting for county and age. To account
for nonproportionality observed in the evaluation model, a

time-dependent covariate for prescreening and screening win-
dow was included.

The interaction term is an estimate of the invitation effect; it
represents the reduction in BC mortality in invited women ad-
justed for changes in BC mortality over time and for changes
imposed by the study design (changes between pseudo-nonin-
vited and pseudo-invited women).

Results

Using the regression approach and the follow-up model, we
counted 8803 BC deaths and 22 203 289 person-years for women
aged 50–88, in all four periods (Figure 1 and Table 1). The ob-
served BC mortality rates were 46.8 and 33.3 per 100 000 person-
years for the pseudo-noninvited and noninvited periods and
49.6 and 29.5 per 100 000 person-years for the pseudo-invited
and invited periods (Table 1). The evaluation model included
5766 BC deaths and 16,530,264 person-years (Figure 1 and
Table 1). BC mortality rates were 33.9 and 23.5 per 100 000
person-years for the pseudo-noninvited and noninvited women,
respectively, and 47.9 and 28.3 per 100 000 person-years for the
pseudo-invited and invited women, respectively (Table 1).

Using the regression approach and the follow-up model for
all ages, the adjusted hazard ratio showed a 13% (HR ¼ 0.87, 95%
CI ¼ 0.79 to 0.95) reduction in BC mortality due to invitations
and 27% (HR ¼ 0.73, 95% CI ¼ 0.67 to 0.78) due to treatment
(Table 2). For the evaluation model, the adjusted hazard ratio
showed a 20% (HR ¼ 0.80, 95% CI ¼ 0.70 to 0.91) reduction in BC
mortality due to invitations and a 23% (HR ¼ 0.77, 95% CI ¼ 0.65
to 0.92) reduction due to treatment. For screening-aged women,
the invitation effect was 25% (HR ¼ 0.75, 95% CI ¼ 0.65 to 0.86)
and the treatment effect 17% (HR ¼ 0.83, 95% CI ¼ 0.74 to 0.94)
for both the follow-up and the evaluation models.

Exclusions
Women: n=19,795; PY: n=416,763

BC cases: n=122; BC deaths: n=2537

Invited after age 70
BC deaths: n=1275; PY: n=38,050

Diagnosed before 1977 or before 1996 /
(pseudo-)invitation / emigration

BC deaths: n=1262; PY: n=378,713

All women 50-69 years old, born 1907-1964,
residing in Norway, 1977-2014

Women: n=1,360,128; PY*: n=22,620,052
BC cases†: n=56,835; BC deaths‡: n=11,340

Study population
Women: n=1,340,333; PY: n=22,203,289
BC cases: n=56,713; BC deaths: n=8803

Regression approach Matching approach

PNI §

Women: 858,903
PY: 3,879,620

BC cases: 7331
BC deaths: 1817

PI ‖

Women: 669,867
PY: 7,177,552

BC cases: 14,456
BC deaths: 3562

NI ⁋
Women: 873,559

PY: 3,605,980
BC cases: 8691
BC deaths: 1200

I¥

Women: 724,392
PY: 7,540,137

BC cases: 26,235
BC deaths: 2224

PNI
Women: 756,083

PY: 3,006,981
BC cases: 5526
BC deaths: 1273

PI
W: 618,344

PY: 6,078,157
BC cases: 11,871
BC deaths: 2768

NI
Women: 756,083

PY: 3,006,981
BC cases: 7266
BC deaths: 918

I
Women: 618,344

PY: 6,078,157
BC cases: 21,287
BC deaths: 1746

PNI
Women: 858,903

PY: 2,629,079
BC cases: 4106
BC deaths: 892

PI
Women: 669,867

PY: 5,397,316
BC cases: 9762
BC deaths: 2584

NI
Women: 873,559

PY: 2,434,283
BC cases: 5693
BC deaths: 571

I
Women: 724,392

PY: 6,069,586
BC cases: 22,227
BC deaths: 1719

PNI
Women: 756,083

PY: 2,128,504
BC cases: 3282
BC deaths: 644

PI
Women: 618,344

PY: 4,878,627
BC cases: 8721
BC deaths: 2176

NI
Women: 756,083

PY: 2,130,122
BC cases: 5032
BC deaths: 489

I
Women: 618,344

PY: 4,899,009
BC cases: 18,125
BC deaths: 1367

Follow-up model

Evaluation model

*PY: person-years (n)
† BC cases: Breast cancer (n)
‡ BC deaths: Breast cancer deaths (n)
§ PNI: Pseudo-non-invited women (n)
‖ PI: Pseudo-invited women (n)
⁋NI: Non-invited women (n)
¥ I: Invited women (n)

Figure 1. Women included in the study and study outcome for the regression and matching approach using the follow-up and evaluation model. BC ¼ breast cancer; I

¼ invited women; NI ¼ noninvited women; PNI ¼ pseudo-noninvited women; PI ¼ pseudo-invited women; PY ¼ person-years.
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Calendar
year
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Invited
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Pseudo-
non-invited
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invitation

Woman 1, aged 50 and residing in county 3 in January 1983

Invitation

Non-invited Invited

Pseudo-
invited

Woman z, aged 50 and residing in county 10 in January 2008
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Non invited
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Invitation

Non invited

Woman y, aged 61 and residing in county 3 in January 1996 

Pseudo-non invited

Woman 1, aged 61 and residing in county 3 in January 1977

Invitation

Woman y, aged 67 and residing in county 3 in January 2002

Pseudo-invitation

Woman 2, aged 67 and residing in county 3 in January 1983

InvitedPseudo-invited Breast cancer 
death

Matched
censoring

Invitation

Woman x, aged 56 and residing in county 10 in May 2003

Invited

Woman 3, aged 56 and residing in county 10 in May 1984

Pseudo-invited Breast cancer 
death

Pseudo-invitation

Censored

Non invited

Woman z, aged 50 and residing in county 10 in January 1997

non invited

Woman 3, aged 50 and residing in county 10 in January 1978 

Calendar
year

Pseudo-

Censored (emigration)

Matched
censoring

Matched
censoring

Matched
censoring

A

B

Figure 2. Strategies for selecting invited women in the prescreening window for the regression approach and matching approach. A) Regression approach: Seven hypo-

thetical women exemplifying the regression approach: 1, 2, 3, 4, x, y, and z. Woman 4 contributed with women-years both in the prescreening and screening window.

We replicated the real invitation distribution in the screening window, as pseudo-invitations in the prescreening window. Woman x, aged 50 years and residing in

county 3 in January 2002, was invited to screening and followed to end of follow-up. Woman 1, aged 50 years and residing in county 3 in January 1983, received a

pseudo-invitation and was followed until end of follow-up. Woman y, aged 50 years and residing in county 12 in January 2002, was invited to screening in January 2006

and died from pancreatic cancer in 2010. Woman 2, aged 50 years and residing in county 12 in January 1983, received a pseudo-invitation and was followed until she

emigrated in 1994. Woman 4, aged 57 years and residing in county 10 in January 1996, was invited to screening in 2000 and followed throughout the screening window.

Woman 3, aged 57 years and residing in county 10 in January 1977, received a pseudo-invitation in 1981 and died of breast cancer in 1985. Woman z, aged 50 years and

residing in county 10 in January 2008, was never invited and died of breast cancer in 2009. Woman 4, aged 50 years and residing in county 10 in January 1989,

was followed throughout the prescreening window as pseudo-noninvited. B) Matching approach: Six hypothetical women, 1, 2, 3, x, y, and z representing four matched

pairs; woman 1 and y, 2 and y, 3 and x, and 3 and z. Woman y, aged 61 years and residing in county 3 in January 1996, was matched to woman 1, aged 61 years and re-

siding in county 3 in January 1977. Woman y was censored on the date of screening invitation; woman 1 was censored at a corresponding date on the prescreening

window to match the follow-up length of y (matched censoring). The same woman y, aged 67 years at invitation in January 1983 was matched to woman 2 aged 67

years at pseudo-invitation, residing in the same county as woman 2. Woman y died of breast cancer; woman 2 was censored to match the follow-up length of y.

Woman x, aged 56 years and residing in county 10 at invitation in May 2003, was matched to woman 3, aged 56 years and residing in the same county as woman x in

May 1984. Woman 3 died of breast cancer; woman x was censored to match the follow-up length of woman 3. Woman z, aged 50 years and residing in county 10 in

January 1997, was matched to woman 3, aged 50 years and residing in county 10 in January 1978. Woman z emigrated; woman 3 was censored to match the follow-up

length of woman z.

A
R

T
IC

LE

842 | JNCI J Natl Cancer Inst, 2020, Vol. 112, No. 8

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/112/8/839/5678884 by U

C
LA D

igital C
ollections Services user on 04 Septem

ber 2020



T
ab

le
1.

N
u

m
be

r
o

f
w

o
m

en
,b

re
as

t
ca

n
ce

r
ca

se
s,

d
ea

th
s,

p
er

so
n

-y
ea

rs
,b

re
as

t
ca

n
ce

r
in

ci
d

en
ce

,a
n

d
m

o
rt

al
it

y
ra

te
s

fo
r

p
se

u
d

o
-n

o
n

in
vi

te
d

,p
se

u
d

o
-i

n
vi

te
d

,n
o

n
in

vi
te

d
,a

n
d

in
vi

te
d

w
o

m
en

fo
r

th
e

fo
ll

o
w

-
u

p
an

d
ev

al
u

at
io

n
m

o
d

el
,i

n
th

e
p

er
io

d
19

77
–2

01
4,

u
si

n
g

th
e

re
gr

es
si

o
n

ap
p

ro
ac

h

A
ge

,y

Pr
es

cr
ee

n
in

g
w

in
d

o
w

Sc
re

en
in

g
w

in
d

o
w

Ps
eu

d
o

-n
o

n
in

vi
te

d
p

er
io

d
Ps

eu
d

o
-i

n
vi

te
d

p
er

io
d

N
o

n
in

vi
te

d
p

er
io

d
In

vi
te

d
p

er
io

d

N
o

.
W

o
m

en
N

o
.B

C
ca

se
s

N
o

.B
C

d
ea

th
PY

B
C

IR
*

B
C

M
R

†
N

o
.

W
o

m
en

N
o

.B
C

ca
se

s
N

o
.B

C
d

ea
th

PY
B

C
IR

*
B

C
M

R
†

N
o

.
W

o
m

en
N

o
.

B
C

ca
se

s
N

o
.B

C
d

ea
th

PY
B

C
IR

*
B

C
M

R
†

N
o

.
W

o
m

en
N

o
.B

C
ca

se
s

N
o

.B
C

d
ea

th
PY

B
C

IR
*

B
C

M
R

†

Fo
ll

o
w

-u
p

m
o

d
el

50
–6

9
85

8
90

3
41

06
61

1
2

62
2

97
9

15
6.

5
23

.3
66

9
86

7
97

62
19

96
5

38
3

35
3

18
1.

3
37

.1
87

3
55

9
56

93
41

9
2

42
6

46
7

23
4.

6
17

.3
72

4
39

2
22

22
7

13
76

6
03

4
64

0
36

8.
3

22
.8

50
–7

9
85

8
90

3
64

65
14

04
3

58
6

05
5

18
0.

3
39

.2
66

9
86

7
13

91
7

33
05

7
00

0
49

7
19

8.
8

47
.2

87
3

55
9

77
45

86
5

3
27

0
01

7
23

6.
8

26
.5

72
4

39
2

25
77

8
20

81
7

39
5

72
0

34
8.

6
28

.1
50

–8
8‡

85
8

90
3

73
31

18
17

3
87

9
62

0
18

9.
0

46
.8

66
9

86
7

14
45

6
35

62
7

17
7

55
2

20
1.

4
49

.6
87

3
55

9
86

91
12

00
3

60
5

98
0

24
1.

0
33

.3
72

4
39

2
26

23
5

22
24

7
54

0
13

7
34

7.
9

29
.5

50
–5

9
64

3
33

6
20

11
21

3
1

43
7

87
4

13
9.

9
14

.8
46

6
87

2
39

62
60

1
2

48
7

51
4

15
9.

3
24

.2
68

8
53

6
34

80
20

9
1

53
0

67
9

22
7.

4
13

.7
55

6
96

4
10

40
5

41
7

3
00

6
97

0
34

6.
0

13
.9

60
–6

9
33

5
00

1
20

95
39

8
1

18
5

10
5

17
6.

8
33

.6
47

5
47

1
58

00
13

95
2

89
5

83
9

20
0.

3
48

.2
27

8
18

5
22

13
21

0
89

5
78

8
24

7.
0

23
.4

50
2

11
2

11
82

2
95

9
3

02
7

67
0

39
0.

5
31

.7
70

–7
9

12
7

12
3

23
59

79
3

96
3

07
6

24
4.

9
82

.3
27

9
24

8
41

55
13

09
1

61
7

14
4

25
6.

9
80

.9
98

27
8

20
52

44
6

84
3

55
0

24
3.

3
52

.9
24

2
10

9
35

51
70

5
1

36
1

08
0

26
0.

9
51

.8
80

–8
8

69
16

8
86

6
41

3
29

3
56

5
29

5.
0

14
0.

7
60

38
3

53
9

25
7

17
7

05
5

30
4.

4
14

5.
2

70
27

5
94

6
33

5
33

5
96

3
28

1.
6

99
.7

50
29

8
45

7
14

3
14

4
41

7
31

6.
4

99
.0

Ev
al

u
at

io
n

m
o

d
el

50
–6

9
85

6
52

4
42

76
68

0
2

69
8

10
8

15
8.

5
25

.2
64

6
72

6
95

94
19

77
5

30
9

62
9

18
0.

7
37

.2
87

3
55

9
56

93
41

9
2

42
6

51
4

23
4.

6
17

.3
72

4
39

2
22

22
7

13
75

6
03

4
64

0
36

8.
3

22
.8

50
–7

9
85

6
52

4
42

76
92

2
2

70
3

30
6

15
8.

2
34

.1
64

6
72

6
95

94
25

73
5

32
3

55
0

18
0.

2
48

.3
87

3
55

9
56

93
55

6
2

43
4

05
3

23
3.

9
22

.8
72

4
39

2
22

22
7

16
99

6
06

7
75

1
36

6.
3

28
.0

50
–8

8‡
85

6
52

4
42

76
94

7
2

70
4

14
8

15
8.

1
35

.0
64

6
72

6
95

94
25

82
5

32
3

99
8

18
0.

2
48

.5
87

3
55

9
56

93
57

1
2

43
5

58
2

23
3.

7
23

.4
72

4
39

2
22

22
7

17
18

6
06

9
55

3
36

6.
2

28
.3

50
–5

9
64

2
18

3
21

99
26

6
1

51
4

35
8

14
5.

2
17

.6
44

7
29

6
37

76
57

5
2

41
1

46
6

15
6.

6
23

.8
68

8
53

6
34

80
20

9
1

53
0

69
5

22
7.

3
13

.7
55

6
96

4
10

40
5

41
7

3
00

6
97

0
34

6.
0

13
.9

60
–6

9
33

9
96

3
20

77
41

4
1

18
3

75
0

17
5.

5
35

.0
47

9
43

5
58

18
14

02
2

89
8

16
3

20
0.

7
48

.4
27

8
19

2
22

13
21

0
89

5
81

9
24

7.
0

23
.4

50
2

11
2

11
82

2
95

8
3

02
7

67
0

39
0.

5
31

.6
70

–7
9

83
3

0
24

2
51

98
0.

0
46

55
.6

34
03

0
59

6
13

92
1

0
42

81
.3

90
4

0
13

7
75

39
0.

0
18

17
.2

76
58

0
32

4
33

11
1

0.
0

97
8.

5
80

–8
8

26
1

0
25

84
2

0.
0

29
69

.1
25

0
0

9
44

8
0

20
08

.9
41

8
0

15
15

29
0.

0
98

1.
0

74
7

0
19

18
02

0.
0

10
54

.4

*B
re

as
t

ca
n

ce
r

in
ci

d
en

ce
ra

te
p

er
10

0
00

0
p

er
so

n
-y

ea
rs

.B
C
¼

br
ea

st
ca

n
ce

r;
IR
¼

in
ci

d
en

ce
ra

te
;M

R
=

m
o

rt
al

it
y

ra
te

;P
Y
¼

p
er

so
n

-y
ea

rs
.

†B
re

as
t

ca
n

ce
r

m
o

rt
al

it
y

ra
te

p
er

10
0

00
0

p
er

so
n

-y
ea

rs
.

‡A
ll

ag
es

.

A
R

T
IC

LE
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The matching approach yielded results similar to those from
the regression approach (Table 3). Overall, 6705 BC deaths and
18 170 276 person-years were recorded in the follow-up model
(Figure 1 and Table 3). BC mortality rates were 42.3 per 100 000
person-years in the pseudo-noninvited period and 30.5 per
100 000 person-years in the noninvited period, corresponding to
a treatment effect of 28% (RR ¼ 0.72, 95% CI ¼ 0.66 to 0.78). BC
mortality rates were 45.5 per 100 000 person-years in the
pseudo-invited period and 28.7 per 100 000 person-years in the
invited period, leading to an invitation effect of 13% (RRR¼ 0.87
[ie, (28.7/45.5)/(30.5/42.3)], 95% CI ¼ 0.79 to 0.97). In the evalua-
tion model, BC mortality rates were 30.3 and 23.0 per 100 000
person-years in the pseudo-noninvited and noninvited period,
respectively, corresponding to a treatment effect of 24%
(RR¼ 0.76, 95% CI ¼ 0.67 to 0.85). In the pseudo-invited and in-
vited period, BC mortality rates were 44.6 and 27.9 per 100 000
person-years, respectively, giving an invitation effect of 18%
(RRR¼ 0.82 [ie, (27.9/44.6)/(23.0/30.3)], 95% CI ¼ 0.72 to 0.94).
When limiting the analysis to women aged 50–69 years, the in-
vitation effect was 26% (RRR¼ 0.74, 95% CI ¼ 0.63 to 0.87) and
the treatment effect 17% (RR¼ 0.83, 95% CI ¼ 0.73 to 0.96) for
both the follow-up and the evaluation models.

As a sensitivity analysis, we ran the matching approach
analysis two other times by randomly selecting two different
matched populations, and results did not change (data not
shown).

Discussion

In this Norwegian population-based registry study using
individual-level data from two time windows, 1977–1995 and
1996–2014, we estimated the invitation and treatment effect on
BC mortality. For women 50 years and older, we found a 20%

reduction in BC mortality due to invitations and an additional
23% reduction due to treatment.

The evaluation model includes only BC deaths among
women diagnosed with BC when they were eligible for screen-
ing. Estimates of BC mortality reduction due to screening from a
Danish population-based study based on individual-level data
and the evaluation model were the same as those observed in
our study (20%) (8). The follow-up model includes BC deaths
among women diagnosed with BC also after screening age.
Using this model, we observed an invitation effect of 13%; the
Danish study observed an 11% reduction.

The follow-up model resulted in a diluted invitation effect
due to the inclusion of BC deaths from women diagnosed after
screening age. Longer follow-up of invited women, as was the
case in our study, is expected to increase the proportion of old
women and thereby increase the potential for dilution. It has
been stated that the evaluation model should be used for inter-
nal comparison between study and control groups (8). We sup-
port this view when using an “intention-to-treat” approach
(2,6). By design, when limiting the analysis to screening-aged
women, we obtained the same results for the evaluation and
follow-up models. The invitation effect on BC mortality among
women 50–69 years was 25% with the regression approach and
26% by the matching approach.

Our estimates were higher than other studies from Norway:
Kalager et al. reported a 10% reduction (13), whereas Olsen et al.
(12) reported a reduction of 7% and 11%, when using the follow-
up and evaluation model, respectively. Limited follow-up time is
the likely cause for these low estimates. However, our effect was
lower than the 28% reduction reported by Weedon-Fekjær et al.
(7) on Norwegian data and the review of European service-
screening programs (25% reduction for cohort studies and 31% for
case-control studies) (6). These studies estimated a combined ef-
fect for invitation and treatment. We were able to separate these
two effects, which is a substantial strength of our study.

The effect of treatment on disease-specific mortality has
been debated during the last decade. It is claimed that the effect
of organized screening is negligible because of improved treat-
ment. Our results, based on data from the last two decades,
showed that the invitation and treatment effects had similar
magnitude, which is in keeping with findings from previous
studies (18,19).

It is well known that individual-level data are essential to
reach valid conclusions regarding mortality (2,8,20). To the best
of our knowledge, this is the first study from Norway that used
individual-level screening data during the time before and after
BreastScreen Norway was implemented and included adequate
follow-up time. Using individual-level data about invitations,
BC diagnoses, and deaths, in combination with the time-
window study design, enabled us to establish comparable con-
trols for invited and noninvited women and to separate the
treatment from the invitation effect. Registry data are of high
quality in Norway (21), which represents a strength of the study.
Another strength is the use of two approaches executed inde-
pendently by two statisticians that yielded strikingly similar
results, despite differences in sample sizes and methods. The
regression approach included all women and adjusted for dif-
ferences between the four periods, whereas the matching ap-
proach paired the women based on a set of covariates. Lastly, to
the best of our knowledge, the number of women included in
the study, BC cases and deaths, and follow-up time used in this
study exceed that from all other published studies on BC mor-
tality associated with screening in Norway (7,12,13), as well as
internationally.

Table 2. Treatment and invitation effect on hazard ratio (HR), rate
ratio (RR), and risk rate ratio (RRR) of breast cancer death with 95%
confidence intervals (CI) using regression and matching approaches
for the follow-up and evaluation model in the period 1977–2014

Effects
Follow-up model Evaluation model
Estimate (95% CI) Estimate (95% CI)

Regression approach
All ages

Treatment effect, HR* 0.73 (0.67 to 0.78) 0.77 (0.65 to 0.92)
Invitation effect, HR* 0.87 (0.79 to 0.95) 0.80 (0.70 to 0.91)

50–69 y
Treatment effect, HR* 0.83 (0.74 to 0.94) 0.83 (0.74 to 0.94)
Invitation effect, HR* 0.75 (0.65 to 0.86) 0.75 (0.65 to 0.86)

Matching approach
All ages

Treatment effect, RR† 0.72 (0.66 to 0.78) 0.76 (0.67 to 0.85)
Invitation effect, RRR‡ 0.87 (0.79 to 0.97) 0.82 (0.72 to 0.94)

50–69 y
Treatment effect, RR† 0.83 (0.73 to 0.96) 0.83 (0.73 to 0.96)
Invitation effect, RRR‡ 0.74 (0.63 to 0.87) 0.74 (0.63 to 0.87)

*HR from a flexible parametric survival model, adjusted for age and county of

residence.

†Rate of breast cancer mortality in the noninvited period/rate of breast mortality

in the pseudo-noninvited period.

‡RRR: (rate of breast cancer mortality in the invited period/rate of breast cancer

mortality in the pseudo-invited period)/(rate of breast cancer mortality in the

noninvited period/rate of breast cancer mortality in the pseudo-noninvited

period).
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Our study period covered four decades and might include
concerns regarding the use of historical control groups from so
long ago. We assumed a linear increase in the treatment effect
during the study period. Our estimate of the invitation effect is
overestimated if the treatment effect increased more from the
pseudo-invited to the invited periods than from the pseudo-
noninvited to the noninvited periods. Moreover, linear assump-
tion is a simplification of the real-life situation: improvements
in BC treatment are likely to occur in leaps. BC treatment will
probably continue to improve, and our study indicates that it
has already exceeded the invitation effect. A lack of comparable
control groups will present a challenge for future studies evalu-
ating BC mortality associated with BreastScreen Norway. The
relatively short follow-up time, given the early detection and
improved treatment, represents a limitation of our study.
However, the follow-up time is the same for the invited and
noninvited in both models, and the results are thus
comparable.

Evaluating BC mortality associated with screening programs
is a challenging task (6,8–10). We identified an increase in BC in-
cidence, which might be due to screening and diagnostic tools
and detection of small, low-proliferation tumors. However, the
potential “overdiagnosed” cases did not influence our results.
Increased breast awareness, use of hormonal replacement
treatment, and other changes in lifestyle factors, in addition to
constantly improved treatment, are all evidently of influence
for both incidence and mortality rates. These factors are chal-
lenging to measure and control for in analyses and thus repre-
sent a limitation of our study. We estimated the effect of being
invited to a screening program. Evaluating the effect among
participants (per protocol) is expected to show 10–15% higher
BC mortality reduction (2,6). Other important considerations are
the effect of BC mortality on overall mortality (1) and the valid-
ity of cause of death certificates over time (22,23). These poten-
tial confounders need to be further investigated. The benefit to
harm ratio of BC screening is also an important evaluation met-
ric. These aspects should be investigated in separate studies be-
cause of their complexity.

In summary, in our study based on 1 340 333 women invited
to BreastScreen Norway, a biennial population-based screening
program targeting women aged 50–69 years, we observed a 20%
reduction in BC mortality among invited women. An additional
23% reduction was observed, which we ascribe to improve-
ments in BC awareness, treatment, and care.
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