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Supplementary Figures

Fig. S1: Overview of data sources used in study.
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The data sources shown with their time span and variables for the analysis in this study. The
registries included are Danish Blood Donor Study (2010 - 2018), Danish National Patient
Registry (1977 - 2021), Danish Medical Birth Registry (1973 - 2018), Danish Register for
Causes of Death (1970 — 2019), Danish National Prescription Registry (1994 — 2021), and the
Danish Cancer Register (1943 — 2020). The database BIRADS (2012 - 2018) was used for
extraction of mammographic density for the participants. Cohort members were linked to
their mothers via the Danish Civil Registration System (Det Centrale Personregister).




Fig. S2: Scheme for determining history of oral contraception use
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The three categories used as input for breast cancer risk estimation are shown in yellow.



Fig. S3: Scheme for determining history of menopausal HRT use

All 1,643,565 prescription records in
ATC chapters G02 and G03
for n = 49,494 cohort members

v

1,162,296 total prescription
records before inclusion date
n=49,494

for each study member:
are there at least two
menopausal HRT
prescriptions?
yes

History of No history of
menopausal HRT use menopausal HRT use
n=9,572 n=39922
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The four categories used as input for breast cancer risk estimation are shown in yellow. ATC
codes and corresponding categories for menopausal HRT prescriptions are presented in
supplementary table S6.



Fig. S4: Time from mammography taken and baseline year
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Fig. S5: Breast cancer incidence rates in study cohort and Danish population
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Population data for ages 40-69 and years 2010-2021 taken from NORDCAN:
https://nordcan.iarc.fr/en/dataviz/age specific?cancers=1808&sexes=28&populations=208&
mode=cancer&multiple populations=0&age span=1&years=2010 2021&multiple cancers=
1&age end=13&age start=8&group years=1



https://nordcan.iarc.fr/en/dataviz/age_specific?cancers=180&sexes=2&populations=208&mode=cancer&multiple_populations=0&age_span=1&years=2010_2021&multiple_cancers=1&age_end=13&age_start=8&group_years=1
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Fig. S6: PRS distribution
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PRS score distribution in 617 women with breast cancer within 10 years of follow-up (red)
and in 48,877 women with no breast cancer (blue). a) Normalized scores (mean =0, s.d. = 1).
b) Unadjusted scores. Dashed vertical lines indicate the mean DBDS299 scores for cases and
controls in the combined validation set used by Mavaddat et al. (2023;
https://doi.org/10.1158/1055-9965.EPI-22-0756 ; also referenced in main text)
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Fig. S7: Sensitivity and specificity using age-dependent thresholds
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Supplementary Tables

Table S1: The 299 SNPs, the reference and log odds ratio.

ID Reference allele Effect allele log odds ratio
18:24518050 AT A -0.0599
19:19517054 C CGGGCG 0.0437
22:40904707 CT C 0.1148
5:32579616 TCA T 0.0363
8:17787610 CT C -0.0377
17:43212339 C CcT 0.0438
5:44508264 G GT -0.1177
1:46670206 TC T 0.0447
3:49709912 C CT -0.0367
1:51467096 CT C 0.0374
5:52679539 C CA 0.0571
5:55662540 C CcT -0.0458
3:55970777 A AT -0.1195
3:63887449 T TG 0.0648
5:79180995 G GA 0.0328
5:81512947 TA T -0.0598
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Table S2: ICD codes for identifying mothers’ cancer diagnoses in the Danish Cancer Register

Cancer type ICD-10 code ICD-7 codes (before 1978)

Breast cancer C50 1700, 1701, 1702, 1703, 1704, 1705, 4700, 4701, 4702, 4704,
4705, 6700, 6701, 6702, 7700, 7701, 7702, 7703, 8700, 8701,
8702, 9700, 9701, 9702, 9703, 9704

Ovarian cancer C56 1750, 1751, 1752, 1753, 3750, 4750, 5750, 5751, 5752, 6750,
6751, 7750, 8750, 9750, 9751, 9752, 9753
Pancreatic cancer C25 1570, 4570, 5570, 6570, 7570, 8570, 9570

Bolded ICD-7 codes indicate codes which were present in the data.

Table S3: Cancer diagnosis ages in mothers of study cohort members

All women Women with breast cancer

(N = 49,494) (N =617)
Mother’s age at inclusion or death 61 (54 -70) 70 (63 -77)
Information available, n (% of N) 45,125 (91.2) 504 (81.7)
Mother’s age: 15t breast cancer 55 (48 — 64) 55 (48.8 —63.2)
Diagnoses, n (% of N) 2,547 (5.1) 76 (12.3)
Mother’s age: 2" breast cancer 61 (50-66) 53 (48.5-57.2)
Diagnoses, n (% of N) 36 (0.07) 4 (0.65)
Mother’s age: ovarian cancer 56 (48 — 66) 55 (54.8 —59)
Diagnoses, n (% of N) 328 (0.66) 4 (0.65)
Mother’s age: pancreatic cancer 66 (56 — 74) 65.5 (59 — 69.8)

Diagnoses, n (% of N) 169 (0.34) 6 (0.97)



Table S4: ATC codes used for determining menopausal HRT prescription history

Category ATC codes Details

Estrogen-only (E) GO3CAO03 systemic estrogen, vaginal estrogen tablet, vaginal estrogen ring
GO3CA04  systemic estrogen, vaginal estrogen tablet, vaginal estrogen cream
GO3CA53 systemic estrogen
GO3CA57 systemic estrogen, vaginal estrogen tablet
G03CB0O1  vaginal estrogen tablet
Combined GO3FA01 continuous combined
estrogen and GO3FAll continuous combined
progestogen (C)  GO3FA12 continuous combined
GO3FA15 continuous combined
GO3FA17 continuous combined
GO3FBO1 cyclic combined
GO3FB05 cyclic combined
GO3FB06 cyclic combined
GO3FB09 cyclic combined
GO3FB11 cyclic combined
GO3HBO1  cyclic combined
Other (0) G02BA03  progestogen IUD
G03CX01  tibolone
GO3DA02  progestogen alone
GO3DA04  progestogen alone
GO03DB01  progestogen alone
G03DC02 progestogen alone
GO03DCO03 progestogen alone
GO03DCO5  tibolone
G03XC01 raloxifene



Table S5: Characteristics of women according to BI-RADS status

Women 2 50 with Women 2 50 with P-value
known BI-RADS unknown BI-RADS for
(N = 4,608) (N = 8,005) difference
between
women
with and
without
BI-RADS
Age at baseline, years 54 (51 -59) 56 (52 - 60) <0.001
Year of birth 1960 (1954 —1964) 1957 (1952 -1960)  <0.001
Age at menarche, years 13 (12-14) 13 (13-14) 0.12
Missing, n (% of women > 50) 762 (16.5) 2,080 (26.0)
Age at first live birth, years 27 (24 -30) 25 (23 -28) <0.001
Not applicable, n (% of women 2> 50) 602 (13.1) 701 (8.8)
Missing, n (% of women = 50) 856 (18.6) 2,087 (26.1)
Parity <0.001
0, n (% of women 2> 50) 602 (13.1) 701 (8.8)
1, n (% of women > 50) 673 (14.6) 811 (10.1)
2, n (% of women 2 50) 1,863 (40.4) 3,009 (37.6)
>2, n (% of women = 50) 614 (13.3) 1,397 (17.3)
Missing, n (% of women > 50) 856 (18.6) 2,087 (26.1)
Height, cm 168 (164 — 172) 168 (163 — 171) <0.001
Missing, n (% of women > 50) 632 (13.7) 1,889 (23.6)
Body mass index 0.05
<25 kg/m2, n (% of women > 50) 2,285 (49.6) 3,368 (42.1)
25 - <30 kg/m2, n (% of women > 50) 1,185 (25.7) 1927 (24.1)
>30 kg/m2, n (% of women > 50) 476 (10.3) 773 (9.7)
Missing, n (% of women > 50) 662 (14.4) 1,937 (24.2)
Oral contraception use <0.001
Current, n (% of women 2 50) 158 (3.4) 213 (2.7)
Former, n (% of women > 50) 1,678 (36.4) 2,301 (28.7)
Never, n (% of women > 50) 2,772 (60.2) 5,491 (68.6)
Missing, n (% of women > 50) 0(0) 0(0)
Alcohol consumption 0.02*
0 g/week, n (% of women > 50) 121 (2.6) 145 (1.8)
02> - <5 g/week, n (% of women 2 50) 278 (6.0) 358 (4.5)
5 - <15 g/week, n (% of women > 50) 864 (18.8) 1,329 (16.6)
15 - <25 g/week, n (% of women > 50) 223 (4.8) 346 (4.3)
Missing, n (% of women > 50) 3,122 (67.8) 5,827 (72.8)
Age at menopause, years 50 (47 -52) 50 (48 — 53) <0.001
Missing, n (% of women > 50) 2,571 (55.8) 3,273 (40.9)
Menopausal HRT Use 0.43
Current E-type, n (% of women > 50) 570 (12.4) 1,002 (12.5)
Current other, n (% of women > 50) 269 (5.8) 417 (5.2)
Former, n (% of women > 50) 858 (18.6) 1,206 (15.1)
Never, n (% of women = 50) 2,911 (63.2) 5,380 (67.2)
Missing, n (% of women > 50) 0(0) 0(0)
BI-RADS density
1, n (% of women > 50) 1,196 (26.0) 0(0)
2, n (% of women = 50) 1,799 (39.0) 0(0)
3, n (% of women > 50) 1,322 (28.7) 0(0)
4, n (% of women 2> 50) 291 (6.3) 0(0)
Missing, n (% of women > 50) 0(0) 8,005 (100)
Family History <0.001
Mothers identified, n (% of women > 50) 3,588 (77.9) 5,369 (67.1)



1st breast cancer diagnoses, n (% of women > 50) 354 (7.7) 460 (5.7)

2"d preast cancer diagnoses, n (% of women >50) 6 (0.1) 7(0.1)

Ovarian cancer diagnoses, n (% of women 2 50) 50 (1.1) 72 (0.9)

Pancr. cancer diagnoses, n (% of women > 50) 30(0.7) 66 (0.8)

PRS 0.68
Median (IQR) 0.0 (-0.67-0.67) 0.33 (-0.68 - 0.67)

Missing, n (% of women 2 50) 0(0) 0(0)

Data are presented as n (% of women 2 50) or median (IQR). Difference between women with and without BI-RADS are tested by a Mann-Whitney test

with a significance level (p value<0.05). Prescription history data was converted to ordinal variables for correlation calculations, corresponding to each
category’s relative breast cancer risk (oral contraceptive use: current = 3, former = 2, never = 1; menopausal HRT: current other = 3, current E-type = 2,
former/never = 1). *P value for alcohol consumption is not significant after Bonferroni correction. PRSgg: polygenic risk score from 299 SNP’s. BI-RADS: Breast
imaging and reporting system; a measure of tissue density from the mammograms 4th Version.



Table S6: AUC comparison and brier score

5-year 10-year 5-year 10-year
prediction prediction prediction prediction
(full cohort) (full cohort) (50-69 years (50-69 years of
of age) age)
AUC
Age 77.1(75.8-78.3) 80.7(79.2-82.1) 51.0(47.2-54.9) 47.6(43.8-51.5)
Age, Risk factors 79.0 (77.7—-80.4) 80.2 (78.8—81.6) 58.8(55.0—62.6) 51.7 (47.4-56.0)
Age, PRS 78.7 (77.4—80.0) 79.5(78.0—-81.0) 58.1(54.2—-62.0) 58.3(54.4-62.1)
Age, PRS, Risk factors 79.6 (78.2-80.9) 78.6 (77.1-80.1) 61.7 (58.0—65.4) 57.6 (53.6 —61.5)
AUC comparison, delta AUC
(p value)
Age, Risk factors vs
Age, PRS 0.3 (0.6) 0.7 (0.2) 0.7 (0.8) -6.6(0.02)
Age, PRS vs
Age, PRS, Risk factors -0.9 (<0.01)* 1.0 (<0.01)* -3.6 (<0.01)* 0.7 (0.5)
Age vs
Age, PRS, Risk factors -2.5(<0.01)* 2.1 (<0.01)* -10.6 (<0.01)* -10.0 (<0.01)*
Brier Score (%), 95% Cl
Age 0.76 (0.68-0.84) 1.53(1.41-1.66) 1.79(1.56-2.02) 3.18(2.80-3.56)
Age, Risk factors 0.76 (0.68-0.84) 1.53(1.41-1.66) 1.78(1.55-2.01) 3.18(2.80-3.56)
Age, PRS 0.76 (0.68-0.84) 1.53(1.40-1.65) 1.78(1.55-2.01) 3.17(2.79-3.55)
Age, PRS, Risk factors 0.76 (0.68 - 0.84) 1.53(1.40-1.66) 1.78(1.55-2.01) 3.17(2.79-3.55)



Table S7: Validation studies of breast cancer risk prediction by BOADICEA with PRS

Novitski S et al. Lakeman Choudhu = Yang X et al. 2022, Petitjean et al. 2025, UK
2025, Denmark letal. ryPetal. Sweden (4) (5)
2020, 2021, UK
Netherla (3)
nds (2)
Total N women 49,494 4,377 1337 66,415 217,885
Subcohort with PRS 49,494 4,377 1337 15,502 217,885
N Breast cancer
Within 5 years 347 619 676
Within 10 years 617 163 6,838
Average age for full cohort 38 60 57 (unaffected), 59 (bc) 57 (unaffected), 58 (bc)
Average age for ages <50 32 44
Average age for ages 250 56 59

Performance metric C-index AUC C-index AUC C-index AUC C-index AUC

5-year breast cancer risk model

Full cohort

Age 0.79 0.77

Age, FH 0.69* 0.63 0.61
Age, risk factors 0.63 0.63
Age, risk factors, FH, BI-RADS 0.80 0.79

Age, PRS 0.80 0.79 0.67 0.67
Age, FH, PRS 0.70*

Age, risk factors, PRS

Age, risk factors, FH, PRS 0.70* 0.68 0.68
Age, risk factors, FH, BI-RADS, PRS 0.81 0.80 0.69 0.69
5-year breast cancer risk model

Ages 250

Age 0.51

Age, FH 0.57

Age, risk factors

Age, risk factors, FH, BI-RADS 0.59

Age, PRS 0.58

Age, FH, PRS 0.62

Age, risk factors, PRS

Age, risk factors, FH, PRS 0.65

Age, risk factors, FH, BI-RADS, PRS 0.62

10-year breast cancer risk model

Full cohort

Age 0.84 0.81 0.53 0.56 0.56
Age, FH 0.58 0.59
Age, risk factors 0.56 0.57 0.58
Age, risk factors, FH, BI-RADS 0.84 0.80

Age, PRS 0.82 0.80 0.64 0.64 0.65
Age, FH, PRS

Age, risk factors, PRS 0.65

Age, risk factors, FH, PRS 0.65 0.66
Age, risk factors, FH, BI-RADS, PRS 0.82 0.79

10-year breast cancer risk model

Ages 250

Age 0.48

Age, FH

Age, risk factors

Age, risk factors, FH, BI-RADS 0.52

Age, PRS 0.58 0.64 0.65
Age, FH, PRS

Age, risk factors, PRS

Age, risk factors, FH, PRS 0.64 0.66
Age, risk factors, FH, BI-RADS, PRS 0.58

The C-index and AUC is only listed for the sub cohorts with complete information of PRS for more direct overview.
FH: familial history. BC: Breast cancer. *AUCs are listed for the cohort below 50.
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