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1 | INTRODUCTION

Microcalcifications are small calcium deposits with a diameter of less
than 1 mm, found in the breast tissue. Microcalcifications play a cru-
cial role in breast cancer screening. Presence of microcalcifications is
associated with both ductal carcinoma in situ! and invasive breast
cancers.? Approximately 50% of non-palpable breast cancers are
detected through identification of malignant microcalcifications on a
mammogram.® Breast microcalcifications are normally described
through their morphology, size and distribution.* Number of micro-
calcifications tend to increase with age, and they range from common
benign to rare malignant alterations, there could be several mecha-
nisms behind the formation of microcalcifications. One such mecha-
nism is epithelial-mesenchymal transition.” Epithelial-mesenchymal
transition is induced by a number of stimuli, including proin-
flammatory cytokines, hypoxia, changes in extracellular matrix and
mechanical properties. During epithelial-mesenchymal transition, epi-
thelial cells gain several properties of mesenchymal cells such as
migratory and invasive properties.® It has been hypothesized that epi-
thelial cells that acquire mesenchymal characteristics become capable
of producing breast microcalcifications.’ In contrast, the formation of
benign microcalcifications are considered to be explained by cell
necrosis and debris.®

The few studies that have attempted to investigate predictors of
microcalcifications” ' have important limitations, such as including

9,11,12

only breast cancer cases, using case-control or case-report study

designs rather than prospective cohort design,”?1%12

using a qualita-
tive and crude measure of microcalcifications (Breast Imaging-
Reporting and Data System [BI-RADS scorel),”**2 or inability to
exclude breast arterial calcifications.”®1%131% Breast arterial calcifica-
tions are potential surrogate marker of atherosclerotic cardiovascular
disease but are not associated with breast cancer.!®

While predictors of mammographic density have been studied
extensively over the years, little is known about the predictors of
microcalcifications despite being a clinically established mammo-
graphic sign of breast cancer for decades.’® Mammographic density is
associated with an increased risk of breast cancer!” and is the radio-
graphic appearance of epithelial and fibrous tissue that appears white
on a mammogram. In contrast, the dark part of a mammogram repre-
sents the fatty tissue.?” After age and body mass index (BMI) is taken
into consideration, women with very dense breasts have four to six
times greater risk of breast cancer compared to women with low den-
sity.281? High age, postmenopausal status, parity, early pregnancy and
high BMI are associated with lower mammographic density.2°22 |n
contrast, high intake of alcohol and use of menopausal hormone ther-
apy are associated with higher mammographic density.2®

To our knowledge, our study is the first large population-based
cohort study that addresses all previous described limitations. We
included 53 273 women from the unique prospective Karolinska
Mammography Project for Risk Prediction of Breast Cancer cohort
(KARMA),?* and used a novel Computer Aided Detection software
(iCAD) to detect microcalcification clusters®>?¢ and the STRATUS

27

method to measure mammographic density.”” We investigated

What's New?

Mammographic microcalcifications are one of the earliest
mammographic signs of breast cancer. However, little is
known on the predictors of mammographic microcalcifi-
cations and the mechanisms behind their formation. This
large population-based cohort study explored the association
between established breast cancer risk factors and the risk
of mammographic microcalcifications among pre- and post-
menopausal women using an FDA-approved method for
detection of suspicious microcalcifications. The findings sug-
gest that most established risk factors for breast cancer, with
exception of age, mammographic density, familial history,
polygenic risk score of breast cancer, having more children,
and longer duration of breast-feeding are protective against

microcalcification clusters.

predictors of microcalcification clusters and their asymmetry, that is,
the clinically recognized relationship between an uneven distribution
of microcalcifications between the breasts and the risk of breast can-
cer.?® Additionally, we presented the results separated by menopausal
status.

2 | MATERIALS AND METHODS

21 | Study population

KARMA is a Swedish population-based prospective screening cohort
of 70 874 women attending one of four Swedish mammography units
as part of the national mammography screening program during
January 2011 to March 2013.2* The final analyses included 53 273
women aged 30 to 80 years, and reasons for exclusions are given in
Figure 1. All participants signed an informed consent form and Stock-

holm ethical review board approved the study.

2.2 | Measurement of mammographic features

Raw mammograms from the mediolateral oblique and cranio-caudal
views of left and right breasts were collected. The CAD system used
for identification of microcalcifications (iCAD; M-Vu iCAD, Nashua,
NH)?’ is a Food and Drug Administration (FDA) approved class
3 device (PMA number P0O10038) with an accuracy of 92%.2° The
algorithm of the system identifies suspicious microcalcification clus-
ters that corresponds to microcalcifications with malignant morphol-
ogy as defined by the BI-RADS 3-5 scores?>?¢ (Supplementary
Materials and Methods). The total number of microcalcification clus-
ters of the breasts was calculated and the asymmetry was defined as

the absolute difference between the numbers of microcalcification
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Women who completed the baseline
questionnaire in KARMA cohort (n = 70 874)

FIGURE 1 Flow chart describing the
exclusion criteria for 70 874 women in
KARMA cohort [Color figure can be
viewed at wileyonlinelibrary.com]

- No informed consent (n = 34)

- Other breast surgeries (n = 1125 )

- Women without mammographic feature measurements (n = 7511)
- Missing information in age and/or BMI (n = 3500)
- Women with previous cancers, except nonmelanoma skin cancer (n = 3316)

- Breast enlargement and/or breast reduction (n = 2115)

v

‘Women eligible for the study (n = 53,273)

FIGURE 2 lllustration of suspicious microcalcification clusters
using iCAD software on cranio-caudal views of a 74 years old woman
with a lump in the right breast. iCAD software identified
microcalcification clusters with suspicious morphology (iCAD Inc.
Mammography: benefits of computer aided detection. Clinical case
study; 2016. Accessed August 13, 2020. https://www.icadmed.com/
assets/dmm223_mammography_benefit_of_computer-aided_
detection_reva_01.pdf)

clusters between the breasts. Figure 2 illustrates how micro-
calcification clusters are marked on cranio-caudal views using the

iCAD software. We used microcalcification clusters rather than single

microcalcifications since clusters are more likely a sign of cancer.®%3!

From here onward, suspicious microcalcification clusters are referred
to as microcalcification clusters.

Mammographic density was measured as the average dense areas
(cm?) of left and right breasts using the STRATUS method.?” STRA-
TUS is a fully automated tool developed to analyze digital and ana-
logue images using an algorithm that measures density on all types of
images regardless of vendor. STRATUS measures the mammographic
dense area and the breast area and calculates the percent density

from these measures.?’

2.3 | Covariates

Participants of the KARMA cohort completed a detailed web-based
guestionnaire within 3 months of conducting the baseline mammo-
gram. Established risk factors were categorized as: age at baseline
(<50, 50-60, >60 years), baseline mammographic density divided in
to quartiles (<9.0, 9.0-19.9, 20.0-40.0, >40 cm?), BMI (20.0-24.9,
25.0-29.9, 230), smoking status (never, former, current), alcohol con-
sumption (none, 0.1-10, >10 g/d), physical activity (<40, 40-44.9,
45.0-49.9, 250 metabolic equivalent of task hours per day), age at
first birth (<20, 20-25, >25 years), number of birth (0, 1-2, >2),
breast-feeding among parous women (0, 1-5, 6-12, >12 months),
time since last birth (<10, 210 years), age at menarche (<13, 213),
oral contraceptive use (no, yes), menopausal hormone therapy use
(never, former, current) and first-degree family history of breast can-
cer (no, yes).

Genotyping of a random subset of healthy KARMA participants
was performed using either a custom lllumina iSelect genotyping array
chip, which included 200 K single nucleotide polymorphisms (SNPs),
or the Oncoarry chip, which included 500 K SNPs. A weighted
polygenic risk score for breast cancer was calculated for each gen-

otyped woman using the recently published 313 SNPs that reached
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genome-wide significance.®2 The polygenic risk score of women was
divided into quintiles (0%-20%, 20%-40%, 40%-60%, 60%-80%,
80%-100%).

Women reporting no natural menstruation over the past
12 months before study entry or no mensuration due to oophorec-
tomy were considered postmenopausal. Women with missing infor-
mation on menstruation status or having no menstruation due to
gynecological surgeries other than oophorectomy were considered
premenopausal if they were age 50 years or younger and postmeno-

pausal if older than 50 years.

2.4 | Statistical analyses

T test and chi-square tests were used to compare characteristics of pre-
and postmenopausal women and tests were performed at the two-
sided .05 significance level. Logistic regression analyses were used to
estimate odds ratios (OR), to quantify the association between breast
cancer risk factors and the risk of having microcalcification clusters and
their asymmetric distributions between the breasts. Microcalcification
coded as O (for

microcalcification clusters in any breast and/or women with symmetrical

clusters asymmetry was women with no
microcalcification cluster distribution between the breasts) and 1 (for
women with an asymmetric distribution of microcalcification clusters
between the breasts). We additionally performed a sensitivity analysis
where we excluded 705 women with symmetrical microcalcification

clusters. All models were adjusted for age, BMI and menopausal status

jonal Journal of Cancer

at baseline. For regression models including alcohol as a covariate,
smoking was adjusted for. All statistical tests were two-sided and P-
value of less than .05 were considered statistically significant.

Finally, we compared how established risk factors for breast can-
cer were associated with microcalcification clusters, mammographic
density and risk of breast cancer risk using previous findings from the
KARMA cohort?®33* and a most up-to-date and comprehensive

breast cancer polygenic risk score.3?

3 | RESULTS

3.1 | Baseline characteristics

The mean age of women included in our study was 54.1 years and
more than half of the women in the study were postmenopausal
(53.9%; Table 1). The majority of women had no microcalcification
clusters (82.7%) and postmenopausal women had a greater mean
number of microcalcification clusters than premenopausal women.
The mean baseline mammographic dense area was higher in
premenopausal (37.1 cm?) women compared to postmenopausal
women (20.9 cm?) (Table 1). A polygenic risk score was calculated
for the random subset of KARMA participants that were genotyped.
Of the genotyped women 52.5% were postmenopausal and 47.4%
were premenopausal. To account for the risk of bias due to the
slightly skewed age distribution, we adjusted all analyses for age and

menopausal status at baseline.

Premenopausal women Postmenopausal women P-value*
24 537 (46.0) 28 736 (53.9)
454 (4.2) 61.5 (6.6) <.001
21 595 (88.0) 22493 (78.2)
2934 (11.9) 6233 (21.6)
<.001
1866 (7.6) 22 493 (91.6)
580 (2.3) 6233 (21.6)
0.02
37.1(25.2) 20.9 (19.6) <.001
2932 (11.9) 9511 (33.0)
3603 (14.6) 7340 (25.5)
8261 (33.6) 7487 (26.0)
9526 (38.8) 4081 (14.2)
<.001

TABLE 1 Characteristics of 53 273 women included in the final analyses, stratified by menopausal status
Characteristics Total
No. of women (%) 53273
Mean age at baseline (SD) 54.1(9.7)
Microcalcification clusters (%)
0 44088 (82.7)
21 9167 (17.2)
Missing 18 (0.03)
Microcalcification clusters asymmetry (%)
0 44 793 (84.0)
»1 8462 (15.8)
Missing 18 (0.03)
Mean mammographic dense area (cm?) at baseline (SD) 28.3(23.8)
Mammographic dense area (cm?) at baseline (%)
<9.0 12 443 (23.3)
9.0-19.9 10 943 (20.5)
20.0-40.0 15 748 (29.5)
>40 13 607 (25.5)
Missing 532(0.9)

(Continues)
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TABLE 1 (Continued)

Characteristics Total Premenopausal women Postmenopausal women P-value*
Mean BMI (kg/m?) (SD) 25.1(4.1) 25.3 (4.0) 24.9 (4.2) <.001
BMI (kg/m?) (%)
20-24.9 27 123 (50.9) 13123 (53.4) 14 000 (48.7)
25-29.9 16 763 (31.4) 6964 (28.3) 9799 (34.1)
=30 6460 (12.1) 2935(11.9) 3525(12.2)
<.001
Smoking status (%)
Never 25 386 (47.6) 13 558(55.2) 11 828 (41.6)
Former 20912 (39.2) 7977 (32.5) 12 935 (45.0)
Current 6236 (11.7) 2714 (11.0) 3522 (12.2)
<.001
Missing 739 (1.3)
Mean alcohol consumption (gram/day) (SD) 7.1(8.5) 7.9 (8.0) 9.5(9.2) <.001
Alcohol consumption (gram/day) (%)
0 9742 (18.2) 4573 (18.6) 5169 (17.9)
0.1-10 32 426 (60.8) 15 606 (63.0) 16 820 (58.5)
>10 9865 (18.5) 3905 (15.9) 5960 (20.7)
<.001
Missing 1240 (2.3)
Mean physical activity, (MET-h per day) (SD) 424 (6.2) 43.1 (6.6) 41.8 (5.8) <.001
Physical activity (MET-h per day) (%)
<40 18 492 (34.7) 7811 (31.8) 10 681 (37.1)
40.0-44.9 18 326 (34.4) 8113 (33.0) 10213 (35.5)
45.0-49.9 9320 (17.4) 4910 (20.0) 4410 (15.3)
>50.0 5114 (9.5) 2944 (12.0) 2170 (7.5)
<.001
Missing 2021 (3.7)
Mean age at first birth (SD) 27.7 (5.2) 28.7 (5.1) 25.9 (5.0) <.001
Age at first birth (%)
<20.0 2450 (4.5) 497 (2.0) 1953 (6.7)
20.0-25.0 15 856 (29.7) 5456 (22.2) 10 400 (36.1)
>25.0 27 505 (51.6) 15 214 (62.0) 12 291 (42.7)
<.001
Missing 7462 (14.0)
Mean number of births (SD) 1.9 (1.0) 2.1(0.7) 2.2 (0.8) <.001
Number of births (%)
0 6644 (12.4) 3354 (13.6) 4162 (14.4)
1-2 32824 (61.6) 12 189 (49.6) 13 119 (45.6)
>2 13012 (24.4) 4629 (18.8) 5815 (20.2)
<.001
Missing 793 (1.4)
Mean breast-feeding duration (months) (SD) 18.8 (10.0) 20.6 (9.7) 18.1 (9.6) <.001
Duration of breast-feeding (months) (%)
0 911 (1.7) 222 (0.9) 689 (2.3)
1-5 1214 (2.2) 327 (1.3) 887 (3.0)

6-12 6558 (12.3) 2168 (8.8) 4390 (15.2)
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TABLE 1 (Continued)
Characteristics Total Premenopausal women Postmenopausal women P-value*
>12 33830 (63.5) 16 212 (66.0) 17 618 (61.3)
<.001
Missing 9478 (17.7)
Mean time since last birth (years) (SD) 22.5(12.1) 12.7 (6.6) 30.9 (8.9) <.001
Time since last birth (years) (%)
<10 7926 (14.8) 7695 (31.3) 231(0.8)
210 38444 (72.1) 13 656 (55.6) 24 788 (86.2)
<.001
Missing 6110 (11.4)
Mean age at menarche (SD) 13.1(1.4) 12.9 (1.4) 13.2(1.4) <.001
Age at menarche (%)
<13 17 782 (33.3) 9109 (37.1) 8673 (30.1)
213 33876 (63.5) 14 776 (60.2) 19 100 (66.4)
<.001
Missing 1615 (3.0)
Oral contraceptives use (%)
Never 7512 (14.1) 2142 (8.7) 5370 (18.6)
Ever 44 441 (83.4) 22 114 (90.1) 22 327 (77.6)
<.001
Missing 1320 (2.4)
MTH use (%)
Never user 39 960 (75.0) 22 410 (91.3) 17 550 (61.0)
Former user 7373 (13.8) 779 (3.1) 6594 (22.9)
Current user 1879 (3.5) 355(1.4) 1524 (5.3)
<.001
Missing 4061 (7.6)
Family history of breast cancer (%)
No 44 422 (83.3) 20 844 (84.9) 23 578 (82.0)
Yes 7211 (13.5) 2989 (12.1) 4222 (14.6)
<.001
Missing 1640 (3.0)
No of women with a PRS (%) 7387 3505 (47.4) 3882 (52.5)

Note: The number of women should be added to the number of missing.

Abbreviations: BMI, body mass index; MET, the metabolic equivalent of task; MHT, menopausal hormone therapy; PRS, polygenic risk score.
*P value for t test of means or y? test of proportions between premenopausal and postmenopausal women; tests were performed at the two-sided .05 sig-

nificance level.

3.2 | Age and lifestyle predictors of
microcalcification clusters

Women above 60 years of age at examination had two times higher
risk of having microcalcification clusters (OR = 2.51; 95% confidence
interval [Cl] = 2.28-2.77) compared to younger women (<50 years).
Overweight (BMI, 25.0-29.9 kg/m?) and obese (230 kg/m?) women
had approximately 20% lower risk compared to women with a normal
BMI, OR = 0.84 (95% Cl = 0.80-0.88) and OR = 0.79 (95%
Cl = 0.73-0.85), respectively (Table 2). The influence of BMI was more

pronounced in premenopausal compared to postmenopausal women
(Supplementary Table 1).

Former and current smokers had approximately 10% lower
risk of microcalcification clusters than never smokers (Table 2), an
association confined to postmenopausal women (Supplementary
Table 1). Moderate alcohol consumption (0.1-10 g/day) redu-
(OR = 0.87; 95%

no evidence of an

ced the risk of microcalcification clusters
Cl = 0.82-0.92; Table 2).
association between physical activity and microcalcification clusters
(Table 2).

There was
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Predictors
Age baseline (years)®
<50
50-60
>60
Continuous
BMI (kg/m?)°
20.0-24.9
25.0-29.9
>30.0
Continuous
Smoking status
Never
Former

Current

Alcohol consumption (gram/day)?

0
0.1-10
>10

Continuous

Physical activity (MET-h per day)

<40
40-44.9
45.0-49.9
250.0
Continuous
Age at first birth (year)
<20
20-25
>25
Continuous
Number of children
0
1-2
>2

Continuous

Breast feeding duration (month)

0
1-5
6-12
>12

Continuous

Time since last birth (year)

<10
210

AZAM ET AL.
TABLE 2 Predictors of microcalcification clusters risk and their asymmetry in the 53 273 women included in the final analyses
OR (95% CI)® OR (95% CI)®
All women All women
Clustered microcalcifications P-value* P-value* Asymmetry P-value* P-value*
1.00 Ref. 1.00 Ref.
1.47 (1.36-1.60) <.001 1.46 (1.34-1.58) <.001
2.51(2.28-2.77) <.001 2.36(2.14-2.61) <.001
<.001 <.001
1.00 Ref. 1.00 Ref.
0.84 (0.80-0.88) <.001 0.86 (0.81-0.91) <.001
0.79 (0.73-0.85) <.001 0.83 (0.76-0.89) <.001
<.001 <.001
1.00 Ref. 1.00 Ref.
0.87(0.83-0.92) <.001 0.88 (0.84-0.93) <.001
0.89 (0.82-0.96) .003 0.89 (0.82-0.96) .005
1.00 Ref. 1.00 Ref.
0.87 (0.82-0.92) <.001 0.88 (0.82-0.94) <.001
0.90 (0.84-0.97) .01 0.91 (0.84-0.99) .02
.18 .28
1.00 Ref. 1.00 Ref.
0.97 (0.92-1.02) .34 0.97 (0.92-1.03) .36
0.92 (0.86-1.04) .25 0.92 (0.86-1.05) 24
0.94 (0.86-1.03) 22 0.93(0.85-1.02) .16
12 .15
1.00 Ref. 1.00 Ref.
0.82 (0.74-0.91) <.001 0.85 (0.77-0.95) .004
0.72 (0.65-0.79) <.001 0.75 (0.68-0.84) <.001
<.001 <.001
1.00 Ref. 1.00 Ref.
0.97 (0.90-1.04) 42 0.97 (0.90-1.05) .50
1.11(1.02-1.20) .009 1.10(1.01-1.20) .01
<.001 <.001
1.00 Ref. 1.00 Ref.
1.14 (0.91-1.43) 24 1.16 (0.92-1.47) .19
1.07 (0.89-1.29) 45 1.06 (0.88-1.29) .50
1.22 (1.03-1.46) .02 1.21(1.01-1.4¢) .03
<.001 <.001
1.00 Ref. 1.00 Ref.
1.06 (0.97-1.16) .08 1.08 (0.98-1.19) .09
.07 .08

Continuous
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TABLE 2 (Continued)
OR (95% CI)® OR (95% CI)?
All women All women

Predictors Clustered microcalcifications P-value* P-value* Asymmetry P-value* P-value*
Age at menarche (year)

<13 1.00 Ref. 1.00 Ref.

=13 0.92 (0.88-0.97) .002 0.93 (0.88-0.98) .007

Continuous <.001 <.001
Oral contraceptive use

Never 1.00 Ref. 1.00 Ref.

Ever 0.84 (0.79-0.89) <.001 0.85 (0.79-0.90) <.001
MHT status

Never user 1.00 Ref. 1.00 Ref.

Former user 0.91 (0.85-0.97) .007 0.90 (0.84-0.97) .006

Current user 0.94 (0.83-1.06) .33 0.97 (0.85-1.09) .62
Baseline mammographic area (cm?)

<9.0 1.00 Ref. 1.00 Ref.

9.0-19.9 1.23(1.14-1.32) <.001 1.19(1.11-1.28) <.001

20.0-40.0 1.61(1.50-1.72) <.001 1.56 (1.45-1.68) <.001

>40 2.08 (1.93-2.25) <.001 2.00 (1.84-2.15) <.001

Continuous <.001 <.001
Family history of breast cancer
No 1.00 Ref. 1.00 Ref.
Yes 1.13(1.06-1.22) <.001 1.13(1.06-1.21) <.001
Overall PRS percentile

0%-20% 0.93(0.76-1.14) 51 0.93(0.75-1.14) .50

20%-40% 1.05 (0.86-1.29) .57 1.09 (0.89-1.34) .38

40%-60% 1.00 Ref. 1.00 Ref.

60%-80% 1.06 (0.86-1.29) .56 1.09 (0.88-1.33) 40

80%-100% 1.22 (1.06-1.48) .04 1.27 (1.04-1.56) .01

Continuous .001 <.001

Abbreviations: BMI, body mass index; Cl, confidence interval; MET, the metabolic equivalent of task; MHT, menopausal hormone therapy; PRS, polygenic

risk score; Ref., reference.

2Adjusted Models: age, BMI and menopausal status at baseline.
PNot adjusted for age at baseline.

“Not adjusted for BMI at baseline.

dAdjusted for age, BMI, menopausal status and smoking.
*P-value is performed at the two-sided .05 significance level.

When assessing the associations between age and lifestyle fac-
tors with asymmetry of microcalcification clusters, similar results as
for the association between age and lifestyle factors with

microcalcification clusters were observed (Table 2).

3.3 | Reproductive and exogenous hormone
predictors of microcalcification clusters

Age at first birth >25 years was significantly associated with lower
risk (OR = 0.72; 95% ClI = 0.65-0.79) of microcalcification clusters
(Table 2), but only among postmenopausal women (OR = 0.68;

95% Cl = 0.61-0.76; Supplementary Table 1). Women with >2 chil-
dren or more than 1 vyear of breastfeeding had significantly
increased risks of microcalcification clusters compared to nullipa-
rous women and women who never breast-fed (Table 2). The
results were only seen among postmenopausal women
(Supplementary Table 1). Higher age at menarche (213 years) was
associated with 8% lower risk of having microcalcification clusters
(OR = 0.92; 95% CI = 0.88-0.97) (Table 2), and the association
was only seen among postmenopausal women (Supplementary
Table 1). There was no evidence of an association between time
since last birth and microcalcification clusters (Table 2). Both oral

contraceptives and menopausal hormone therapy significantly
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TABLE 3
mammographic density and breast cancer risk

Established risk factors for breast cancer

High age Higher
High MD Higher
High PRS Higher
Family history of breast cancer Higher
More children Higher
Longer period of breast feeding Higher
High BMI? Lower
Current smoking Lower
Alcohol consumption Lower
Physical activity Lower
Late menarche Lower
High age at first birth Lower
Oral contraceptive use® Lower
MHT use Lower

Notes: The summary direction of associations are based on the previous studies using KARMA cohor

Suspicious microcalcification clusters

Summary of direction of associations between established breast cancer risk factors with microcalcification cluster risk,

Mammographic density Breast cancer risk

Lower Higher
— Higher
Higher Higher
Higher Higher
Lower Lower
Higher Lower
Lower Higher
Lower Higher
Higher Higher
Lower Lower
Higher Higher
Higher Higher
Lower Lower
Higher Higher

t2934353nd a most up-to-date and comprehensive

breast cancer polygenic risk score.3? A detailed description of this table with point estimates is presented in Supplementary Table 2.
Abbreviations: BMI, body mass index; MD, mammographic density; MHT, menopausal hormone therapy; PRS, polygenic risk score.

Increased risk for breast cancer only seen among postmenopausal women.

PWe found an opposite direction of association between oral contraceptive use with the risk of breast cancer compared to previous evidence,¢ however,

the result was not statistically significant.

decreased the risk of having microcalcification clusters compared
to never users (Table 2).
Similar results as for microcalcification clusters were found

when assessing the association of reproductive and exogenous hor-

monal factors with asymmetry of microcalcification clusters
(Table 2).
34 | Mammographic density and genetic

predictors of microcalcification clusters

Women with dense area >40 cm? had two times higher risk of
microcalcification clusters (OR = 2.08; 95% Cl = 1.93-2.25) compared
to women with dense area < 9.0 cm? (Table 2), an association not
influenced by menopausal status (Supplementary Table 1).

Women with a family history of breast cancer had a significantly
increased risk of microcalcification clusters (OR = 1.13; 95%
Cl = 1.06-1.22) (Table 2). The result was confined to postmenopausal
women (OR = 1.16; 95% Cl = 1.07-1.25) (Supplementary Table 1).
Women in the highest quintile (80th-100th percentile) of the poly-
genic risk score, compared to those in the middle quintile (40th-60th
percentile), had a significantly 22% higher risk of microcalcification
clusters (Table 2). When stratifying the effect of the polygenic risk
score by menopausal status, stronger association was observed in
premenopausal women with 34% increased risk of microcalcification
clusters, however the results did not reach the statistical significance

(Supplementary Table 1).

Mammographic density and genetic factors influenced the asym-
metry of microcalcification clusters in a similar manor risk as the risk
of microcalcification clusters (Table 2).

When excluding the 705 women with symmetrical distribution of
microcalcification clusters, no substantial differences between point
estimates were seen compared to the results as when we treated
women with symmetrical microcalcification same as the comparison
group.

Table 3 shows a summary of associations between established
breast risk factors, including polygenic risk

cancer score,

microcalcification clusters, mammographic density and breast cancer

r1:20,34,35 and a

based on our previous findings using the KARMA coho
most up-to-date and comprehensive study on breast cancer polygenic
risk score.3? A detailed description of each study is given in Supple-
mentary Table 2. Increasing age, high mammographic density, family
history of breast cancer and high polygenic risk score were the only
factors that both increased the risk of microcalcification clusters and
risk of breast cancer (Table 3). Nearly all other established risk factors
for breast cancer that are known to increase the risk of breast cancer,
decreased the risk of microcalcification clusters. Several factors (alco-
hol, high age at first birth, few children, use of oral contraceptive and
menopausal hormonal therapy) were associated with fewer
microcalcification clusters but higher mammographic density and
higher risk of breast cancer. In contrast, some factors (postmeno-
pausal obesity, tobacco use and short period of breast-feeding) were
associated with lower risk of microcalcifications clusters, lower mam-

mographic density but increased breast cancer risk (Table 3). Lastly,
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increasing age is associated with more microcalcifications and risk of

breast cancer but a decrease in mammographic density.

4 | DISCUSSION

Using a large prospective cohort, we found high age, high baseline
mammographic density, family history of breast cancer, high polygenic
risk score of breast cancer, having more than two children and breast
feeding more than 1 year, to be associated with an increased risk of
microcalcification clusters. In contrast, other established breast cancer
risk factors such as high BMI, smoking, alcohol consumption, high age
at first birth, oral contraceptive and menopausal hormone therapy use
were all significantly associated with lower risk of microcalcification
clusters. The association between most lifestyle, reproductive and
genetic risk factors for breast cancer and microcalcifications clusters
were confined to postmenopausal women.

Our finding of an association between microcalcification clusters
and high age agrees with previous studies.”®1%1314 However,
only one study focused on the presence of mammographic
microcalcifications,” while the other studies included breast arterial
calcifications 8101314

The higher prevalence of microcalcification clusters at older age
supports the epithelial mesenchymal transition hypothesis since it has
been shown that the transition increases with age.>” The reason for
the age dependency could partly be explained by the inhibitory effect
estrogen has on epithelial mesenchymal transition.3®3 Epithelial-
mesenchymal transition is a complex biological process in which epi-
thelial cells acquire invasive characteristics of mesenchymal cells and
it is suggested as plausible explanation to the formation of malignant
microcalcifications.’

The finding of an association between higher mammographic
density and microcalcification clusters are in line with previous stud-
ies.”*4! The biological mechanism behind the association is largely
unknown but an increase in matrix proteoglycans*' and changes of
collagen genesis in the extracellular matrix*2 have been suggested as
explanations. A simpler but not contradicting hypothesis is that a
higher epithelial component and increased matrix rigidity induces
epithelial-mesenchymal transition.*®

Both a family history of breast cancer and high polygenic risk
score were associated with microcalcification clusters. These results
are in agreement with our previous study which found 23% heritabil-
ity in microcalcifications.2* Given the strong inheritance of breast can-
cer and the link between microcalcifications and breast cancer, this is
not a surprising result, but the findings merit further investigation, for
example, conducting a genome-wide association of microcalcification
clusters.

Several factors, all indirectly (high BMI, smoking, alcohol use) or
directly (use of exogenous hormones) linked to an increase in estrogen
exposure are associated with fewer microcalcification clusters
(Table 3). It could be described as if estrogens have a “protective”
effect against the formation of microcalcifications. At the same time,

these factors are (apart from high BMI and smoking) associated with

higher mammographic density and increased risk of breast cancer.
Previously exogenous estrogens have been shown to be negatively

4445 50 has tobacco.”1%134¢ How-

associated with microcalcifications,
ever, the majority of these studies investigated the breast arterial
calcifications.

Other factors that decrease the prevalence of microcalcification
clusters are higher age at first birth, few children and shorter period of
breast feeding. These associations have previously been described in
other studies on arterial breast calcifications.”®1%1314 Three other
case-report studies showed post-lactational increase of suspicious
microcalcifications.”*%*? Pregnancy associated histological changes in
the mammary tissue are induced by steroid hormones and growth
factors.2 When this influence diminishes, epithelial cells undergo a
massive programmed cell death and tissue remodeling, so called post-
lactational involution.?” It is hypothesized that post-lactational involu-
tion increases the number of microcalcification clusters.

To our knowledge, this is the first large population-based study
examining the predictors of microcalcification clusters with malignant
potential among healthy women using a fully automated software.
The CAD system used in our study has been developed to identify
potential malignant calcifications, previously found to be associated
with breast cancer,*® and not arterial calcifications.?’ Nevertheless,
the study had a number of limitations. Information on the breast can-
cer risk factors was based on a self-reported questionnaire and is
therefore prone to information bias. However, a differential mis-
classification is unlikely since women were not aware of the presence
of microcalcifications in their breasts. Even though we used an FDA
approved software for identifying suspicious microcalcification, it is
possible that some of microcalcifications were breast arterial calcifica-
tions. However, given the quite substantial risk of breast cancer seen
previously in women with microcalcification clusters, we believe that
the majority of identified calcifications were not breast arterial calcifi-
cations.*® Strengths of our study are the prospective population-
based design, the large sample size, detailed information of the
established breast cancer risk factors and access to mammograms for
measurement of mammographic density using the fully automated
STRATUS tool.

To conclude, our results indicate that most established risk fac-
tors for breast cancer, with exception of age, mammographic density,
familial history, polygenic risk score of breast cancer, having more chil-
dren and longer duration of breast-feeding seems to protect against
microcalcification clusters. However, the mechanism by which
microcalcification clusters are formed in the breast tissues is unclear.
Microcalcifications ranges from benign harmless alterations to signs of
malignancy and more research are needed to understand the mecha-

nism behind the latter entity.
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