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Abstract

Early studies reported a 4- to 6-fold risk of breast cancer between women with
extremely dense and fatty breasts. As most early studies were case-control studies,
we took advantage of a population-based screening program to study density and
breast cancer incidence in a cohort design. In the Capital Region, Denmark, women
aged 50 to 69 are invited to screening biennially. Women screened November 2012
to December 2017 were included, and classified by BI-RADS density code, version
4, at first screen after recruitment. Women were followed up for incident breast can-
cer, including ductal carcinoma in situ (DCIS), to 2020 in nationwide pathology data.
Rate ratios (RRs) and 95% confidence intervals (Cl) were compared across density
groups using Poisson-regression. We included 189 609 women; 1 067 282 person-
years; and 4110 incident breast cancers/DCIS. Thirty-three percent of women had
BI-RADS density code 1; 38% code 2; 24% code 3; 4.7% code 4; and missing 0.3%.
Using women with BI-RADS density code 1 as baseline; women with code 2 had RR
1.69 (95% Cl 1.56-1.84); women with code 3, RR 2.06 (95% Cl 1.89-2.25); and
women with code 4, RR 2.37 (95% Cl 1.05-2.74). Results differed between observa-
tions accumulated during screening and above screening age. Our results indicated
less difference in breast cancer risk across level of breast density than normally
stated. Translated into absolute risk of breast cancer after age 50, we found a 6.2%
risk for the one-third of women with lowest density, and 14.7% for the 5% of women
with highest density.
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What's new?

Breast density is a known risk factor for breast cancer, with previous studies suggesting a
4- to 6-fold increase in risk for women with highly dense breast tissue. In our study,
the authors leveraged a population-based screening program in Denmark to more closely

investigate the relationship between breast density and breast cancer risk. Using a cohort

Abbreviations: BI-RADS, Breast Imaging Reporting and Data System; Cl, confidence interval; DCIS, ductal carcinoma in situ; MRI, magnetic resonance imaging; OR, odds ratio; PMD, percent
mammographic density; RR, rate ratio; SNOMED, Systemized Nomenclature of Medicine.
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design, analyses show a 6.2% cumulative risk for women with lowest breast density

and a 14.7% cumulative risk for women with highest breast density. The findings indicate that

the difference in risk across different breast densities is smaller than earlier estimates.

1 | INTRODUCTION

In the 2000s, breast density was identified as a risk factor for breast
cancer. A frequently quoted size of this association was a 4- to 6-fold
increased risk in women with a percent mammographic density (PMD)
at or higher than 75% compared to women with a density below 5%
or 10%.12 This made density one of the strongest known breast can-
cer risk factors.®

Breast density can be categorized in different ways. Besides
PMD, the Breast Imaging Reporting and Data System (BI-RADS)
density coding version 4 has been used widely; code 1 refers to
<25% glandular tissue; code 2 to 25% to 50%; code 3 to 51% to
75%; and code 4 to >75%.% In the Capital Region of Denmark,
encompassing a population of 1.8 million persons, BI-RADS version
4 has been used for density coding in the population-based screen-
ing program since November 2012. Based on early data from the
Capital Region, we analyzed breast cancer risk by BI-RADS density
for women followed up for 2-years®; 5% had BI-RADS density code
4; 28% had code 1; and there was a 2-fold difference in breast
cancer risk between the groups; relative risk 2.0 (95% confidence
interval [Cl] 1.3-2.8). In the ground-breaking case-control study by
Boyd et al,® an odds ratio (OR) of 4.7 (95% Cl 3.0-7.4) was reported
for high vs low density; with 4% of control women in the highest
category and 33% in the lowest; approximately the same distribu-
tion as seen in our material.

On this background, we extended the analysis of the Capital
Region data from Denmark to include both a longer recruitment
period and a longer follow-up period for incident breast cancers. As a
novelty, we analyzed density-specific breast cancer incidence by time
of data accumulation after start of screening age, during repeated
rounds of screening, and after end of screening age.

2 | METHODS

2.1 | Study population

In the Capital Region, breast cancer screening is offered every
second year to all women aged 50 to 69 years. Invitation is
personal, originally by letter and now-a-days via the e-box for
communication between citizens and public authorities. Women
are invited with a fixed, changeable, appointment to visit one of
five screening clinics. Participation, assessment of abnormal
findings, and eventual treatment are all free of charge for the
women. Women not wanting to participate can opt out of the
invitation scheme. Use of opportunistic screening is rare, and

screening coverage is 74%.” Women with a known BRCAL,

BRCA2 or other high risk genmutations are offered special
surveillance,® and data from this surveillance are not included in
the present study. All other women are included in the screening
program, even women genetically considered to be at high risk
but without the listed genmutations. Women previously treated
for breast cancer are also invited to the screening program, and
for this group the upper age limit was by July 1, 2018 extended
to age 79.

Siemens Inspiration digital mammography equipment was used
during the data collection period. At screening, the radiographer
took a craniocaudal and a mediolateral oblique view, and if needed
supplementary views. All mammograms were read and coded inde-
pendently by two trained radiologists. If they disagreed on malig-
nancy code, a consensus code was made in dialog, and if necessary,
a third reader was brought in. All women with screening mammo-
grams suspicious of malignancy were offered assessment. Density
was assessed for research purpose only. If the two readers disagreed
on the BI-RADS density code, the highest code was used. The five
screening clinics were headed by the same radiologist (author V)
throughout the period. We included all women screened in the pro-
gram from November 1, 2012 to December 31, 2017. A woman was
included at the date of her first registered screen in the period, and
she was categorized by the BI-RADS density code given at that

screen.

22 | Follow-up

The women were followed up until April 20, 2020 for death and
emigration in the Central Population Register, and incident breast
cancer cases in the nationwide Danish Pathology Register.’
We included both screen-detected cancers, interval cancers, and
cancers diagnosed within the follow-up period but more than
2 years after last screen, and both invasive breast cancer and
ductal carcinoma in situ (DCIS); topography TO4*** and morpho-
logy M8***3 or M85**2 in the Danish version of the Systemized
Nomenclature of Medicine (SNOMED) codes.” Use of unique
identification numbers allowed linkage between screening, vital

status and pathology data.

2.3 | Dynamic of breast cancer incidence in
relation to screening

As the breast density data derived from screening data, the
dynamic of breast cancer incidence during screening needs to be

considered in the analysis. With “dynamic” we mean the changes
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in breast cancer incidence caused by the fact that screen-detected
cancer are diagnosed earlier in time than they would have been
in absence of screening. In the absence of screening, the incidence
of breast cancer in postmenopausal women increases with increas-
ing age. However, at start of screening age, a prevalence peak
is expected in breast cancer incidence. During subsequent screens,
artificial aging is expected because the new incident breast
cancer cases are diagnosed on average at an earlier age than they
would have been in absence of screening. After end of screening
age, a compensatory dip is expected before the breast cancer
incidence gradually returns to the level expected in absence of
screening.'®

The sensitivity of screening mammography is higher in women
with low density than in women with high density.!? It is reasonable
therefore to expect that unscreened women with fatty breasts will
detect abnormalities earlier than unscreened women with dense
breasts.!? If this is true, an excess number of abnormalities in dense
breasts are left to be detected at first screen. Following the similar
line of thoughts, after end of screening age where abnormalities are
detected only by the women themselves, a deficit in diagnosed
breast cancers would be expected in women with dense breasts. In
the present study, we will investigate therefore the pattern of breast
cancer incidence by age at recruitment before summarizing data
across ages.

24 | Statistics
A woman contributed person-years at risk from date of first
screen in the recruitment period until date of death, emigration
from Denmark, first incident breast cancer, or April 20, 2020,
which ever came first. Only the first incident breast cancer/DCIS
case was included. Risk of breast cancer was compared across
BI-RADS density groups using women with code 1 as baseline.
To take common practice in the United States and Canada
into consideration, a calculation was made also where women
with BI-RADS density codes 3 + 4 were compared to those with
code 1. Rate ratios (RRs), crude and adjusted for running age,
were calculated with Poisson regression, including 95% Cl. To
investigate the possible impact of length of follow-up since
recruitment, data were also analyzed divided into three follow-up
periods; O to <2 years; 2 to <5 years, and 5+ years.

In Denmark, women entering the screening program at age
50 years have on average a 9.8% cumulative risk of breast cancer in
their remaining life time. We estimated the density-specific cumula-
tive risk. First, by using data for women aged 50 to 54 as a proxy
for age at start of screening, second by using data for women by
actual age at recruitment to the study. The cumulative risk x4 for
women with density code d (d = 1, 2, 3, 4) can be computed as
Xg = 0.098 Ry/Riota, Where Ry is the breast cancer incidence rate
for women with density d, and Ry is the rate for all screened

women.

Data analysis took place in Statistics Denmark using SAS 9.4
copyright © 2016 by SAS Institute Inc, Cary, North Carolina.

3 | RESULTS

We included 189 609 women; of whom approximately 39% were
recruited at age 50 to 54; 21% at age 55 to 59; 20% at age 60 to 64;
and 21% at age 65 to 69. The BI-RADS density code at first screen in
the recruitment period was 1 for 33% of women; 2 for 38%; 3 for
24%; 4 for 4.7%; and missing for 0.3%. As expected, the density distri-
bution changed by increasing age at recruitment. Among those
recruited at age 50 to 54, 25% had BI-RADS density code 1 and 7.6%
code 4. Among those recruited at age 65 to 69, percentages were
41% and 2.4%, respectively, Table 1.

In total, 1067 293 person-years were accumulated. Mean
follow-up time was 5.6 years; 5.9 to 6.0 years in women recruited
at age 55 to 69, and 5.2 years in women recruited at age 50 to
54, where new cohorts came in. In total, 4110 women developed
breast cancer in the follow-up period. Among women recruited at
age 50 to 54, observations were accumulated during the preva-
lence peak at entry into screening and during artificial aging.
Among women recruited at ages 55 to 59 and 60 to 64 almost all
observations were accumulated during artificial aging; and among
women recruited at age 65 to 69 most observations were accumu-
lated during the compensatory dip, Figure 1. This pattern was
reflected in the breast cancer incidence rate, which was 302 per
100 000 in the 50 to 54 age-group; 358 in the 55 to 59 age-
group, where women were older but beyond the prevalence peak;
and 469 in women recruited at age 60 to 64, Table 1. In women
recruited at age 65 to 69 and observed mainly during the compen-
satory dip, the overall rate was only 466. The numbers were small
and the Cls broad when the data were divided simultaneously by
age and BI-RADS density, but the pattern indicated that the com-
pensatory dip affected in particular in women with BI-RADS den-
sity codes 3 and 4, Figure 2.

Compared to women with a BI-RADS density code 1, women
with higher codes had statistically significantly increased incidence of
breast cancer, Table 2. The gradient was steepest for women aged
50 to 54 years at recruitment with a RR of 3.19 (95% Cl 2.52-4.03)
for women with BI-RADS density code 4. Gradients up to RRs of 2.21
(95% CI 1.59-3.07) and 2.24 (9%% Cl 1.64-3.07), respectively, were
seen for women aged 55 to 59 and 60 to 64 at recruitment. As
expected from the pattern in Figure 2, the gradient was smaller for
women aged 65 to 69 at recruitment; BI-RADS 4 vs BI-RADS 1 gave a
RR of 1.76 (95% Cl 1.21-2.57).

Summarized across age groups, the gradient was steeper in the
age-adjusted RRs than in the crude RRs due to the large size of the
high density group in women recruited at age 50 to 54. Using
BI-RADS density code 1 women as baseline, the age-adjusted RRs for
women aged 50 to 64 years were 1.55 (95% Cl 1.40-1.71) for women
with code 2; 2.11 (95% Cl 1.91-2.33) for women with code 3; and
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TABLE 1

breast cancer cases in follow-up period 2012 to 2020, Capital Region, Denmark

Number (%) of women/person-years/incident
breast cancers cases

Women, % horizontal
BI-RADS 1, % vertical
BI-RADS 2, % vertical
BI-RADS 3, % vertical
BI-RADS 4, % vertical
Missing, % vertical
Person-years, % horizontal
BI-RADS 1
BI-RADS 2
BI-RADS 3
BI-RADS 4
Missing
Breast cancer cases, % horizontal
BI-RADS 1
BI-RADS 2
BI-RADS 3
BI-RADS 4
Missing
Mean follow-up period in years
Breast cancer incidence per 100 000

% change in rate from previous age

FIGURE 1 Study design. Women
participating in mammography screening
in the Capital Region, Denmark, 2012

to 2020

Screened women by age and BI-RADS density code at first screen in recruitment period 2012 to 2017, and number of incident
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65-69 y
40131 (21.2)
16 486 (41.1)
15 605 (38.9)
6956 (17.3)
973 (2.4)

111 (0.3)
236 809 (22)
96763

91 980

41 676

5755

635

1104 (27)
283

545

238

30

Not reportable
5.9

466

—1%

Prevalence peak period

Artificial aging period

Compensatory dip period

Total 50-54 y 55-59y 60-64y
189 609 (100) 72 916 (38.5) 39 589 (20.9) 36 973 (19.5)
62 105 (32.8) 18 235 (25.0) 13 389 (33.8) 13 995 (37.8)
72 235(38.1) 26 489 (36.3) 15 648 (39.5) 14 493 (39.2)
45751 (24.1) 22 385(30.7) 9022 (22.8) 7388 (20.0)
8960 (4.7) 5557 (7.6) 1415 (3.6) 1015(2.8)
558 (0.3) 250 (0.3) 115(0.3) 82(0.2)
1067 293 (100) 375 711 (35) 235771 (22) 219 002 (21)
351823 94 494 78 646 81920
407 704 136 355 93 382 85 988
256 681 115 747 54 600 44 659
47 954 27 806 8449 5944
3131 1309 695 493
4110 (100) 1134 (28) 844 (21) 1028 (25)
888 143 185 277
1684 366 338 435
1265 485 275 267
256 137 44 45
17 Not reportable Not reportable Not reportable
5.6 5.2 6.0 5.9
385 302 358 469
Not relevant +19% +31%
80 Observations
for women
recruited at age
75 / 65-69
701 60-64
<
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3
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©
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FIGURE 2 Women participating in mammography screening in the Capital Region, Denmark, 2012 to 2020. Breast cancer incidence by age
at recruitment and BI-RADS version 4 density code

Age at recruitment
50-54y

Crude RR

Age-adjusted® RR
55-59y

Crude RR

Age-adjusted® RR
60-64 y

Crude RR

Age adjusted® RR
65-69 y

Crude RR

Age adjusted® RR
Total 50-69 y

Crude RR

Age adjusted® RR
Total 50-64 y

Crude RR

Age adjusted® RR

BI-RADS density at time of recruitment

2

1.77 (1.46-2.15)
1.77 (1.46-2.14)

1.54 (1.29-1.84)
1.53(1.28-1.83)

1.50 (1.29-1.74)
1.51 (1.30-1.75)

2.03 (1.75-2.34)
2.03(1.76-2.34)

1.64(1.51-1.78)
1.69 (1.56-1.84)

1.52 (1.38-1.68)
1.55 (1.40-1.71)

Note: Baseline = BI-RADS density 1.
2Adjusted by running age in 5-year age groups.

2.46 (95% Cl 2.11-2.87) for women with code 4. Across all ages, the
age-adjusted RRs were 1.69 (95% Cl 1.56-1.84) for women with code
2; 2.06 (95% Cl 1.89-2.25) for women with code 3; and 2.37 (95% ClI

3

2.77 (2.30-3.34)
2.76 (2.29-3.33)

2.14 (1.78-2.58)
2.13(1.77-2.57)

1.77 (1.49-2.09)
1.77 (1.50-2.10)

1.95(1.64-2.32)
1.94 (1.64-2.31)

1.95(1.79-2.13)
2.06 (1.89-2.25)

2.01(1.82-2.23)
2.11(1.91-2.33)

4

3.26 (2.58-4.12)
3.19 (2.52-4.03)

2.21(1.59-3.08)
2.21(1.59-3.07)

2.24 (1.63-3.07)
2.24 (1.64-3.07)

1.78 (1.22-2.60)
1.76 (1.21-2.57)

2.12(1.84-2.43)
2.37(2.05-2.74)

2.26 (1.94-2.63)
2.46(2.11-2.87)

3+4

2.86(2.39-3.43)
2.85(2.37-3.41)

2.15(1.79-2.58)
2.14 (1.79-2.57)

1.82(1.55-2.14)
1.83(1.56-2.15)

1.93 (1.63-2.28)
1.92 (1.63-2.27)

1.97 (1.82-2.15)
2.13(1.96-2.32)

2.05 (1.86-2.26)
2.18 (1.98-2.40)

TABLE 2

Rate ratio (RR) and 95%

confidence interval (in parentheses) of
breast cancer incidence by BI-RADS
density code at first screen in
recruitment period, Capital Region,
Denmark, 2012 to 2020, by age at

recruitment

2.05-2.74) for women with code 4, Figure 3. The estimate across all
ages for women with codes 3 and 4 combined was 2.18 (95% Cl
1.98-2.40). For comparison with all women, see Table S1.
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FIGURE 3 Women participating in
mammography screening in the Capital Region,
Denmark, 2012 to 2020. Percent distribution of
screened women and rate ratio and 95%
confidence interval for breast cancer incidence
by BI-RADS version 4 density code

40 30

TABLE 3
2012 to 2020

Percentage of women (%)
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Rate ratio
BI-RADS 4
BI-RADS 3 —
BI-RADS 2 S —
BI-RADS 1 Reference
10 0 1 15 2 25

Rate ratio of breast cancer incidence by BI-RADS density code at first screen in recruitment period, Capital Region, Denmark,

Rate ratio adjusted by running age, 95% confidence interval (in parentheses)
Follow-up time

Person-years® Breast cancer cases®

BI-RADS Total Total Total BC/PY 0-<2y 2-<5y 5+y

Code 1 351 823 888 1 (baseline) 1 (baseline) 1 (baseline) 1 (baseline)
888/351 823 335/3549 428/48 453 125/299 821

Code 2 407 704 1684 1.69 (1.56-1.84) 1.83 (1.60-2.09) 1.53(1.36-1.72)° 1.69 (1.36-2.09)
1684/407 704 676/6131 761/65 809 247/335 764

Code 3 256 681 1265 2.06 (1.89-2.25) 2.02(1.75-2.32) 2.04(1.80-2.32) 2.36 (1.89-2.95)
1265/256 681 468/4510 578/47 309 219/204 863

Code 4 47 954 256 2.37 (2.05-2.74) 2.60 (2.07-3.26) 1.84 (1.50-2.26)° 2.61(1.79-3.82)
256/47 954 107/1037 113/11 649 36/35 268

Note: Total and by length of follow-up. Adjusted by running age in 5-years age groups.

Abbreviations: BC, breast cancer/ductal carcinoma in situ; PY, person-years.

23131 person-years and 17 breast cancer cases had missing BI-RADS density code.
BCrude rate ratio, as the model did not converge due to collinearity, but this means also that age-adjustment would not change the estimate.

The increasing RR by level of BI-RADS density code was found
within the first 2 years of follow-up after recruitment, a bit less regu-
lar within 2 to <5 years of follow-up, and again very regular within

5 years or more of follow-up, Table 3.

4 | DISCUSSION

41 | Main findings

In this large study from a population-based program, there was over-
all a 2.37-fold difference in breast cancer incidence between women
with the highest and women with the lowest density level. For
women recruited at age 50 to 64 and still within screening age dur-
ing the follow-up period, incidence rates increased systematically

with increasing density. For women recruited at age 65 to 69 and

mostly followed up beyond screening age where only symptomatic
breast cancers are diagnosed, women with BI-RADS density codes
3 and 4 tended to have lower incidence rates than women with BI-
RADS density code 2 though based on small numbers and with
overlapping Cls.

4.2 | Otherstudies

Following the early observation of an increased risk of breast
cancer in women with dense breasts, numerous studies have been
undertaken. Pettersson et al'® in 2014 summarized results from
19 case-control studies all providing digitalized prediagnostic film
mammograms, density assessed by computer-assisted technique, and
relevant covariable data. For postmenopausal women, they found

women in the highest quartile of absolute dense area of the breast to
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have a multivariate-adjusted OR of 2.33 (95% Cl 2.10-2.60) for breast
cancer compared to women in the lowest quartile. When measured in
percentage dense area, the OR was 2.85 (95% Cl 2.48-3.28). For pre-
menopausal women, the results for absolute dense area were similar,
while the gradient for percentage dense area was slightly steeper than
for postmenopausal women; OR 3.11 (95% Cl 2.49-3.88). It should be
noted that when the highest density group is defined by the highest
quartile, less contrast is expected than in studies where the highest
density group constitutes only a smaller proportion of the study
population.

It is therefore interesting to note also the gradients reported from
more recent studies using other classification methods. In a case-
control study from Florence, Italy, the 6% of women with BI-RADS
density code 4, had an OR of 2.67 (95% Cl 1.08-6.62) for breast can-
cer compared to the 43% of women with BI-RADS density code
1, with no difference between age- and multivariate-adjusted ORs.'*
A fairly similar result was seen in a case-control study from England
where only age was controlled for. The 12% of women with highest
Volpara density grade had an OR of 2.6 (95% Cl 1.3-5.7) for breast
cancer compared to the 5% of women with lowest grade Volpara den-
sity.? In a Swedish cohort study, the 40% of women with PMD >25%
had an age- and body mass index adjusted hazard ratio of 2.54 (95%
Cl 1.92-3.37) for breast cancer compared to the 22% of women with
PDM <5%.%° In a young South Korean cohort, the 47% of women
with BI-RADS density code 4, had an age-adjusted hazard ratio of
2.93 and a multivariate-adjusted hazard ratio of 2.86 (95% ClI
2.04-4.01) of breast cancer compared to the 10% of women with
BI-RADS density codes 1 or 2.27 Based on the reported data from a
cohort study from the Massachusetts General Hospital, we estimated
that the 5% of women with a BI-RADS version 5 density code D had
a crude relative risk of 2.3 (95% Cl 1.7-3.1) for breast cancer as com-
pared to the 10% of women with density code A.*®

Due to differences in study design, results are difficult to compare
across recent studies, first of all because the proportion of women
falling into the extreme dense category of the density distribution var-
ied considerably across settings; from 6% in the Florence cohort
recruited at the age of 35 to 64,1 to 47% in the South Korean cohort
recruited at age less than 35.17 It was nevertheless the general pattern
that the excess risk of breast cancer in women with the highest den-
sity as compared to women with the lowest density was in the order
of 2.3 to 2.9. These associations were assessed with ORs or hazard
ratios, but as breast cancer is a rare event even in women with dense
breast, these measures, as well as the RR used in our study, can be
interpreted as relative risks. The outcome of these newer observa-
tions are therefore in good agreement with our estimate of a
2.37-fold risk of breast cancer in comparison between women with
highest and lowest breast density. In a meta-analysis of studies pub-
lished 2005 to 2016, Bond-Smith and Stone? found an OR of 2.00
(95% Cl 1.12-3.42) for women with BI-RADS version 5 density code
D compared to code A. When they used categorial PMD data and
included also older studies, they found the gradient to be steeper in
older than in newer studies, and they concluded that it would be

important to adjust clinical interpretations based on older data.

4.3 | Strengths and limitations

It was a strength of our study that it included comprehensive data
from a population-based screening program, and complete follow-up
for death, emigration and incident breast cancer was ensured by link-
age to comprehensive, nationwide registers. Furthermore, screening
and density coding have remained stable during the recruitment
period. In the analysis, we deliberately included women with a screen-
detected breast cancer at first screen in the recruitment period. The
reason being that exclusion could have led to underregistration of
breast cancers prevalent at the start of screening in women with high
density. It was a weakness that we did not have density data back to
the start of screening age for all women, but among the 132 903
women screened at least twice almost three in four had the same BI-
RADS density code at their first and last screen, and only 0.5% chan-
ged density category beyond one category up or down (Table S2).

Nor did we have data on covariates, for example, body mass
index, as these data are not collected at screening in Denmark. It
should be noted though that in recent studies where covariables had
been controlled for, only minor differences were reported between
age-adjusted and fully adjusted risk estimates.>*” We were not able
to separate women recruited at age 50 to 54 by menopausal status,
and it is possible that the slightly steeper gradient for women in this
age group could be attributable to inclusion of premenopausal
women.

If the two readers of the mammograms disagreed on the BI-RADS
density code, the highest code was used. For a shorter time period,
we have seen previously that this procedure resulted as expected in
assignment of more breast cancer cases to the higher BI-RADS den-
sity categories than use of the single reader codings would have
done.2’ Whether or not use of highest code will have affected the
RRs in the present study depends on the effect the procedure had on
the distribution of person years.

One could argue that the use of real-world data is a limitation of
the present study as over time different radiologists have participated
in the reading of the mammograms. However, the use of real-world
data could be seen also as a strength of the study, because the very
purpose of knowing the breast cancer risk by density is to have a basis
for decisions on whether or not to take this variable into account in

procedures used in actual screening programs.

44 | Clinical implications

In Denmark, women entering the screening program at age 50 years
have on average a 9.8% cumulative risk of breast cancer in their
remaining life time.?* Given the results observed in the present study
for women at start of screening age, this average of 9.8% would
stretch from a 4.9% cumulative risk for women with lowest breast
density to a 15.8% cumulative risk for women with highest density.
However, the proportion of women with highest density decreased
with increasing age, and it therefore seems more reasonable to use

the density distribution across all ages as the basis for calculation of
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the density specific cumulative risk. This calculation gives a 6.2%
cumulative risk of breast cancer for women with lowest breast den-
sity, and 14.7% for women with highest density. Breast cancer is thus
an important disease for all groups of women.

The notion of an increased risk of breast cancer and a lower sen-
sitivity of screening in women with high breast density raised concern
about ability of screening to decrease breast cancer mortality in
women with high density. Originating from a patient initiative, the
Breast Density Notification Legislation was implemented first in Con-
necticut and later in most US states, and it has been followed by more
frequent use of supplementary ultrasound examination of women
with dense breast.?? However, there is no agreed policy in the
United States for supplementary screening tests based on information
on breast density.?®

In the United Kingdom, women are not notified of their density
scores and are not offered supplemental imaging purely based on den-
sity.24 In the DENSE trial in the Netherlands, women with a negative
result on mammography and with Volpara density grade 4 were ran-
domized to supplemental magnetic resonance imaging (MRI) or no fur-
ther imaging. The interval cancer rates per 1000 women were 2.5
(95% Cl 1.6-3.8) and 5.0 (95% Cl 4.3-5.8), respectively,?”> and MRI
screening every fourth year of women with extremely dense breasts
was found to be cost-effective.?’ In a trial in Norway, women were
randomized to screening with digital breast tomosynthesis or digital
mammography, and in women with Volpara density grade 4, no differ-
ence was found between the schemes in screen-detection and false
positive rates.?”

The upper limit of screening age is set to avoid overdiagnosis with
screen detected breast cancers that would in absence of screening not
have become clinical manifest in the women's remaining life time.?® In
line with the lower sensitivity of screening in dense than in fatty
breasts, we hypothesized that past the upper age limit for screening it
would be more difficult for women with dense breasts than for women
with fatty breasts to detect a breast cancer. Our data indicated some
support for this hypothesis; an observation that could potentially be an
argument for a density-dependent upper limit of screening age.

5 | CONCLUSION

In a population-based screening program, women with highest breast
density had a 2.37-fold risk of breast cancer compared to women with
lowest density. Translated into absolute risk of breast cancer in the
remaining life time for women entering the screening program at the
age of 50 years, this reflected a 6.2% risk for women with the lowest

density and a 14.7% risk for women with the highest density.
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