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Abstract

Purpose Polygenic risk scores (PRS) for breast cancer may help guide screening decisions. However, few studies have
examined whether PRS are associated with risk of short-term or poor prognosis breast cancers. The study purpose was to
evaluate the association of the 313 SNP breast cancer PRS with 2-year risk of poor prognosis breast cancer.

Methods We evaluated the association of breast cancer PRS with breast cancer overall, ER + and ER- breast cancer, and poor
prognosis breast cancer diagnosed within 2 years of a negative mammogram among a cohort of 3657 women using logistic
regression adjusted for age, breast density, race/ethnicity, year of screening, and genetic ancestry principal components.
Breast cancers were considered poor prognosis if they were metastatic, positive lymph nodes, ER/PR + HER2— and >2 cm,
ER/PR/HER2—, or HER2 + and > 1 cm.

Results Of the 308 breast cancers, 137 (44%) were poor prognosis. The overall breast cancer PRS was significantly associ-
ated with breast cancer diagnosis within 2 years (OR 1.39, 95% CI 1.23-1.57, p <0.001). The breast cancer PRS was also
associated specifically with diagnosis of poor prognosis disease (OR 1.24, 95% CI 1.03-1.49, p =0.018), but was more
strongly associated with good prognosis cancer (OR 1.52 95% CI 1.29-1.80 p=3.60 x 10”7) The ER +PRS was significantly
associated with ER/PR + breast cancer (OR 1.41, 95% CI 1.24-1.61, p<0.001) and the ER— PRS was significantly associ-
ated with ER— breast cancer (OR 1.48, 95% CI 1.08-2.02, p=0.015).

Conclusion Breast cancer PRS was independently and significantly associated with diagnosis of both breast cancer overall
and poor prognosis breast cancer within 2 years of a negative mammogram, suggesting PRS may help guide decisions about
screening intervals and supplemental screening.
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Introduction

Mammography screening reduces breast cancer mortality
by 15-20%, [1] but some cancers are not detected by mam-
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harms [3, 4]. Specifically, breast MRI screening is emerging
as a potential tool for screening high-risk women, due to
its higher sensitivity for invasive breast cancers compared
with mammography [5-8]. Knowledge of short-term risk of
developing breast cancer, particularly risk of poor prognosis
breast cancers, would help direct more intensive screening
to those at highest risk who would be most likely to benefit.

Both high and moderate penetrance genes (e.g., BRCA1/2,
PALB2, ATM) as well as low penetrance, common single-
nucleotide polymorphisms (SNPs) associated with breast
cancer susceptibility have been identified [9-11]. Multiple
studies have shown that combining panels of SNPs into
polygenic risk scores (PRS) can summarize genetic risk in
a way that stratifies women into high and low risk for breast
cancer [12, 13]. A 313 SNP PRS incorporating breast cancer
subtype-specific risk estimates was developed and validated
in a large population of women of European ancestry and
was shown to be well calibrated and accurate in stratifying
women based on breast cancer risk [12]. Women with the
highest 1% of polygenic risk had a fourfold increased risk
of breast cancer compared to women with the population
average risk. Furthermore, in addition to the overall breast
cancer PRS, this study validated separate PRS for estrogen
receptor-positive and estrogen receptor-negative breast can-
cers, allowing for estimation of subtype-specific risks. The
313 SNP PRS was also shown to be independent of most
established breast cancer risk factors [14]. These data com-
bined with the declining cost of next-generation sequencing
is making the integration of genetics in clinical care increas-
ingly feasible.

The purpose of this study was to evaluate the association
of the 313 SNP breast cancer PRS with 2-year risk of breast
cancer, including the risk of poor prognosis breast cancer. In
addition, we examined whether subtype-specific PRS were
associated with ER +and ER— breast cancer to determine
the utility of these PRS to guide screening decisions.

Methods
Study population

The study population included women aged 40-85 who
underwent mammography screening at Massachusetts Gen-
eral Hospital between 2006 and 2015 and who had a nega-
tive mammogram based on initial assessment (BI-RADS
assessment 1 or 2, Fig. 1). Mammograms were excluded in
the following women: prior diagnosis of breast cancer, non-
residents of Massachusetts, breast implants, prior screening
mammogram within 90 days, or had insufficient identifiers
for linkage with cancer registry and Partners Biobank data.
This resulted in 294,954 screening mammograms among
74,980 women. Among this population, we identified
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women who were diagnosed with breast cancer within
2 years of the negative mammogram through linkage both
to local hospital cancer registries and Massachusetts State
Cancer Registry data. For women diagnosed with breast
cancer (N=1394) within 2 years, we selected the earliest
mammogram within 2 years of diagnosis, and for women not
diagnosed with breast cancer within 2 years, we randomly
selected one negative screening mammogram for inclusion
in the analysis. Next, we linked this cohort to the Partners
Biobank, a large research repository that includes DNA
samples and genetic information and found 3351 non-cases
and 133 cases had genotype data or DNA samples available
from the Partners Biobank. To increase the sample size of
cases, we actively recruited women diagnosed with breast
cancer within 2 years of a negative mammogram to provide a
DNA sample via Oragene Saliva DNA collection kits (DNA
Genotek, Inc., ON, Canada). Appendix Table 5 details the
recruitment of breast cancer cases. We attempted to con-
tact all poor prognosis cases and selected a random sample
of good prognosis cases to contact. Patients received a let-
ter introducing them to the study, with a postcard to return
indicating whether they were interested in participating or
preferred to opt out. Patients who did not opt out within
4 weeks were then sent a second mailing with a consent
form. Patients who consented to the study were mailed an
Oragene Saliva DNA collection kit with instructions to pro-
vide the saliva sample and a return mailer. We additionally
contacted non-respondents via telephone and if patients were
scheduled for a follow-up visit in medical oncology, they
were given the option to provide the saliva DNA sample at
the time of their next appointment. In total, we attempted to
contact 684 women with breast cancer, of whom 205 con-
sented and returned a DNA sample (30%). The study was
approved by the Partners Healthcare Institutional Review
Board (IRB) and all patients provided informed consent for

genotyping.
Breast cancer prognosis

Breast cancer prognosis was categorized according to the
Tomosynthesis Mammographic Imaging Screening Trial
(TMIST) definition of poor prognosis cancers, which
includes size, subtype, and lymph node/distant involve-
ment and predicts breast cancer death within 5 years of
mammography screening [15, 16]. Tumor subtypes were
categorized based on immunohistochemical expression
of estrogen receptor (ER), progesterone receptor (PR), or
human epidermal growth factor receptor 2 (HER2). Poor
prognosis breast cancers were defined as (1) greater than
2 cm, (2) greater than 1 cm and triple negative or HER2
positive, (3) had positive lymph nodes, or (4) were met-
astatic. Cancers that did not meet any of these criteria
were considered early stage, including ductal carcinomas
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Negative mammograms (BI-RADS Assessment 1 or 2)
2006-2015 among women 40-85 yrs
(n=359,068 mammograms, 88,536 women)

Excluded (n=63,574 exams, 13,556

women)

® Prior breast cancer (n=45,799 exams,
10,765 women)

Not MA resident (n=15,718 exams,
4,222 women)

\ 4
.

Breast implants (n=1709 exams, 235
women)

Prior screen within 90 days (417
exams, 45 women)

Insufficient identifiers for linkage (471
exams, 190 women)

Assessed for Outcome (n=294,954 exams, 74,980 women)

I

[ Outcome ]

A

Breast cancer within 2 years (n=1394 women)
o Selected earliest mammogram within 2 years
of diagnosis date

A4

No breast cancer within 2 years (n=73,586

women)

* Randomly selected one negative screening
mammogram for inclusion

i [

\

Genetic data

1 )

DNA available from Partners Biobank (n=133)

Actively recruited to obtain DNA sample
(n=205)

)
DNA available from Partners Biobank (n=3351)

BEE |

Analyzed (n=308)

® Excluded low DNA concentration (n=7)

* Excluded BRCA1/2 mutation carriers (n=9)
e Excluded samples with call rate<0.97 (n=13)
* Excluded discordant sex (n=1)

Fig.1 Study Population

in situ. Missing HER2 status was manually abstracted
for invasive cases from electronic health records where
available, primarily for cases prior to 2010. Only 1 patient
had HER?2 status that was truly missing, the remaining
patients without HER?2 status had DCIS and the test was
not performed. Patients with unknown ER/PR/HER2 sta-
tus or borderline HER?2 status were not categorized as
triple negative or HER2 positive for the purposes of the

Analyzed (n=3349)
o Excluded BRCA1/2 mutation carriers (n=1)
o Excluded first degree relative of case (n=1)

advanced breast cancer definition. Similarly, patients with
unknown lymph node involvement or unknown tumor size
were not categorized as having positive lymph nodes or
large tumor size for the purpose of the advanced breast
cancer definition. However, most patients missing lymph
node involvement had DCIS and all patients missing tumor
size had DCIS (Table 2).
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Genotyping and statistical analyses

Samples were genotyped using the Illumina Multi-Ethnic
GWAS/Exome SNP (MEGA) array and genotypes were
imputed using TOPMed (Version r2 2020). Patients whose
saliva DNA samples had low concentration, failed quality
control procedures, or were BRCA1/2 carriers were excluded
from analyses (N =30 cases and 2 non-cases). We gener-
ated the 313 SNP breast cancer PRS, the estrogen receptor-
positive (ER +) PRS, and the estrogen receptor-negative
(ER-) PRS using established methods [12]. We used logis-
tic regression to estimate the odds ratios of breast cancer
overall, poor prognosis breast cancer, ER +, and ER— breast
cancer for standardized PRS measures. We evaluated the fol-
lowing covariates in the models: age (continuous), race/eth-
nicity, breast density (4-category variable), year of screen-
ing, menopause status, digital mammography vs. digital
breast tomosynthesis, and genetic principal components
(PCs, calculated from an independent set of common vari-
ants across the genome). Menopause status and digital mam-
mography vs. digital breast tomosynthesis were dropped
because they were not statistically significant and did not
meaningfully change the effect estimate for the PRS. The
final models adjusted for age, breast density, race/ethnicity,
year of screening, and ancestry PCs. We did not include
other established breast cancer risk factors in the model
because the 313 SNP PRS has been found to be independent
of these risk factors in a very large study [17]. Body mass
index (BMI) was not included in the main model because
it was missing for 5% of the population; however, we per-
formed a sensitivity analysis adjusting for both continuous
BMI and BMI categories (< 25, 25-29, 30+ kg/mz). In addi-
tion, logistic regression models were stratified by family his-
tory of breast cancer [12] and women older than age 74 years
were excluded.

Results

After exclusions, our study sample consisted of 308 women
who developed breast cancer (cases) and 3349 women who
did not develop breast cancer (non-cases). Non-cases in the
analytic sample were slightly older, had lower breast density,
and were less likely to report Asian/PI race/ethnicity than
non-cases in the full cohort (Appendix Table 5). Cases in the
analytic sample were slightly younger, less likely to report
Asian/PI race/ethnicity, and more likely to have poor prog-
nosis than cases in the full cohort, at least in part because
of the oversampling of cases with poor prognosis for DNA
collection (Appendix Table 5). The characteristics of the
analytic population are displayed in Table 1. The majority
of patients were non-Hispanic White (87%) and the mean
age was 57 years and was similar for cases and non-cases.
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Cancer cases were more likely than non-cases to have higher
breast density and a family history of breast cancer. Charac-
teristics of cancer cases overall and for early and advanced
disease are displayed in Table 2. Of the 308 breast cancers,
137 (44%) had poor prognosis.

Table 3 displays the association of overall, ER +, and
ER- PRS with different breast cancer outcomes. Within
2 years of a negative mammogram, PRS was significantly
associated with breast cancer diagnosis, with an OR 1.39
per standard deviation unit increase in PRS (OR 1.39, 95%
CI 1.23-1.57, p<0.001). The overall breast cancer PRS was
also significantly associated with diagnosis of poor prog-
nosis disease, with an OR 1.21 per standard deviation unit
increase in PRS (OR 1.24,95% CI 1.03-1.49, p=0.018). We
observed a stronger association between the PRS and good
prognosis cases (OR 1.5295% CI 1.29-1.80 p=3.60x 107).
In addition, the ER +PRS was significantly associated
with ER/PR + breast cancer (OR 1.42, 95% CI 1.24-1.66,
p<0.001), and the ER— PRS was significantly associ-
ated with ER— breast cancer (OR 1.52,95% CI 1.11-2.09,
p=0.008). Models excluding women older than 74 years
and adjusting for BMI yielded similar results (Appendix
Tables 7 and 8). Furthermore, models adjusting for race/
ethnicity alone, ancestry PCs alone, or both race/ethnicity
and ancestry PCs yielded similar results (Appendix Table 9).

Due to previous work reporting an interaction between
family history and PRS with respect to breast cancer, [12]
we performed analyses stratified by family history of breast
cancer (Table 4). Across all PRS and all breast cancer out-
comes, PRS was statistically significantly associated with
breast cancer, and the magnitude of the ORs for PRS were
greater among women with no family history than among
the total study population. There were no statistically signifi-
cant associations between PRS and breast cancer risk among
patients with a family history; however, the sample sizes in
the subset of patients with family history were small.

Discussion

Even after adjusting for breast density and other risk fac-
tors, the breast cancer PRS was significantly associated with
diagnosis of both breast cancer overall and poor prognosis
breast cancer within 2 years of a negative mammogram [18].
Furthermore, the subtype-specific PRS were significantly
associated with short-term risk of ER +and ER— disease.
These results suggest that PRS may be useful in guiding
decisions about screening interval and supplemental screen-
ing, given the association of PRS with risk of poor prognosis
disease in the short term.

To our knowledge, this is the first study to evaluate the
associations of the 313 SNP PRS with both short-term risk
and risk of poor prognosis breast cancers. While in our
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Table 1 Characteristics of the

. . No cancer Any cancer Good prognosis  Poor prognosis
analytic population by cancer N=3349 N=308 N=171 N=137
status

Age, mean (SD) 57.27 (10.86) 57.77 (10.41) 59.48 (10.47) 55.63 (9.96)
Breast density, N (%)
Almost entirely fat 375(11.2) 14 (4.5) 11 (6.4) 322
Scattered fibroglandular densities 1618 (48.3) 115 (37.3) 67 (39.2) 48 (35.0)
Heterogeneously dense 1211 (36.2) 160 (51.9) 80 (46.8) 80 (58.4)
Extremely dense 139 (4.2) 19 (6.2) 13 (7.6) 6(4.4)
Missing 6(0.2) 0(0.0) 0(0.0) 0(0.0)
Year, N (%)
2006 176 (5.3) 22(7.1) 13 (7.6) 9 (6.6)
2007 259 (7.7) 36 (11.7) 21 (12.3) 15 (10.9)
2008 268 (8.0) 21(6.8) 10 (5.8) 11 (8.0)
2009 286 (8.5) 21(6.8) 14 (8.2) 7(.1)
2010 289 (8.6) 28 (9.1) 19 (11.1) 9 (6.6)
2011 300 (9.0) 36 (11.7) 17.(9.9) 19 (13.9)
2012 349 (10.4) 26 (8.4) 12 (7.0) 14 (10.2)
2013 383 (11.4) 46 (14.9) 31 (18.1) 15 (10.9)
2014 461 (13.8) 38 (12.3) 18 (10.5) 20 (14.6)
2015 578 (17.3) 34 (11.0) 16 (9.4) 18 (13.1)
Race/ethnicity, N (%)
White 2909 (86.9) 286 (92.9) 160 (93.6) 126 (92.0)
Asian/PI 60 (1.8) 6(1.9) 3(1.8) 3(22)
Black 145 (4.3) 9(2.9) 6(3.5) 3(22)
Hispanic 152 (4.5) 3(1.0) 0(0.0) 3(2.2)
Other, unknown 83 (2.5) 4(1.3) 2(1.2) 2(1.5)
First-degree relatives, N (%)
0 2891 (86.3) 237 (76.9) 130 (76.0) 107 (78.1)
1 425 (12.7) 61 (19.8) 31 (18.1) 30 (21.9)
2 or more 33 (1.0) 10 (3.2) 10 (5.8) 0(0.0)
Body mass index (BMI), mean (SD) 27.94 (6.60)  27.16 (5.92)  27.22 (6.10) 27.10 (5.71)
BMI missing 171 (5.1) 22 (7.1) 14 (8.2) 8 (5.8)
Postmenopausal, N (%) 2419 (72.4) 219 (72.8) 128 (77.1) 91 (67.4)

study the PRS was significantly associated with 2-year risk
of breast cancer (OR 1.39), 2-year risk of poor prognosis
breast cancer (1.24), and 2-year risk of ER + breast cancer
(OR 1.42), the associations were slightly lower in magnitude
than the associations reported in the original study validating
the 313 SNP breast cancer PRS (ORs 1.61 for all breast can-
cer, OR 1.68 for ER+) [12]. For ER— disease, we observe a
slightly larger association (OR 1.52) than the original study
(OR 1.45) [12]. This may be partly due to the selection of
women with a recent negative mammogram as the study
population and short follow-up time. A large cohort study in
Sweden developed 2-year breast cancer risk models for sup-
plemental screening, and, similar to our results, this study
found that the 313 SNP PRS was significantly associated
with 2-year risk of breast cancer [19]. However, the Swedish
study did not look at the association of the PRS with tumor
characteristics or prognosis. A case-only analysis examined

the associations between a 77-SNP breast cancer PRS and
tumor prognostic factors [18]. Similar to our results, this
study found that the BC PRS was associated with favora-
ble tumor prognosis, including higher risk of ER + disease,
smaller tumor size, and lower grade, and the PRS was not
significantly associated with metastasis. This is not entirely
surprising given that most variants have been identified as
associated with ER + disease, which tends to be less aggres-
sive. A case—control study conducted in Sweden found
that the 77-SNP breast cancer PRS was associated with
both screen-detected and interval breast cancers; however,
patients with higher PRS were less likely to be diagnosed
with interval compared with screen-detected cancers [20].
The ER— PRS was significantly associated with ER— dis-
ease, but not with other tumor characteristics. A cohort study
of women undergoing mammography screening in the UK
observed a stronger association between an 18 SNP breast
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Table 2 Characteristics of

- 7 Cancer characteristics All cancers N=308 Good prognosis  Poor
cancers dlagnoseq within N=171 prognosis
2 years of a negative N=137
mammogram

Metastatic (stage [V) 6 (2.0) 0 6(4.4)
Non-metastatic 302 (98.0) 171 (100.0) 131 (95.6)
Lymph nodes
Positive 66 (21.2) 0 66 (48.2)
Negative 187 (60.7) 123 (71.9) 64 (46.7)
No nodes examined (34/55 DCIS) 55(17.9) 48 (28.1) 7(5.11)
Tumor size
Size>2 cm 84 (27.3) 0 84 (61.3)
Size 1 cm—~1.9 cm 96 (31.8) 54 (31.6) 42 (30.7)
Size<1 cm 94 (30.5) 83 (48.5) 11 (8.03)
Missing (DCIS) 34 (11.0) 34 (19.9) 0
ER status
Positive 262 (85.1) 154 (90.1) 108 (78.8)
Negative 44 (14.3) 15 (8.8) 29 (21.2)
Missing (DCIS) 2 (0.65) 2(1.17) 0
PR status
Positive 234 (76.0) 140 (81.9) 94 (68.6)
Negative 72 (23.4) 29 (17.0) 43(25.1)
Missing (DCIS) 2 (0.65) 2(1.17) 0
HER2
Positive 35(11.4) 9(5.3) 26 (19.0)
Negative 222 (72.1) 121 (70.8) 101 (73.7)
Borderline 1(0.32) 0 1(0.73)
Not applicable/test not performed (DCIS) 49 (15.9) 40 (23.4) 9 (6.6)
Missing 1(0.32) 1(0.32) 0
Triple negative 27 (8.8) 4(2.3) 23 (16.8)
Table3 Logistic reg.ressior.l Outcome, PRS N cases/controls OR 95% CI p-value
of PRS and cancer diagnosis
within 2 years of a negative All cancers, overall PRS 308/3349 1.39 1.23,1.57 1.78x 1077
ﬁi?ggir’aamn&‘;v;rgg’s?gtus Poor prognosis, overall PRS 137/3349 1.24 1.04, 1.49 0.018
Good prognosis, overall PRS 171/3349 1.52 1.29, 1.80 3.60x 1077
ER + cancers, ER + PRS 264/3393 1.42 1.24,1.62 1.87x 1077
ER- cancers, ER— PRS 42/3615 1.52 1.11, 2.09 0.008

Additionally adjusted for age, breast density, race/ethnicity, year of screening, and principal components of
ancestry, OR per standard deviation unit increase in PRS score

Table 4 Logistic regression stratified by family history of breast cancer

No family history Family history

N cases/non-cases ~ OR 95% CI p-value N cases/non-cases ~ OR 95% CI p-value
All cancers, overall PRS 237/2891 1.42 1.23-1.64 1.14x10°  71/458 125  0.96-1.63  0.097
Poor prognosis, overall PRS 107/3021 1.36 1.11-1.67  0.003 30/499 0.83  0.56-1.23 0.354
ER + cancers, ER +PRS 205/2923 1.47 126-1.71  553x107  59/470 122 092-1.63 0.161
ER- cancers, ER— PRS 31/3097 1.56 1.08-2.27  0.017 Insufficient numbers

Additionally adjusted for age, breast density, race/ethnicity, year of screening, and principal components of ancestry. OR per standard deviation
unit increase in PRS score
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cancer PRS breast cancer diagnosed at stage 2 or greater and
interval cancer than breast cancer overall and good prognosis
cancer, although the confidence intervals for these estimates
were overlapping [21].

Mavaddat and colleagues reported a significant interac-
tion between family history and the PRS such that the asso-
ciation of PRS with breast cancer risk was smaller among
women with family history than among women without
family history [12]. Our results were similar, with signifi-
cant associations of the various PRS with breast cancer
among women with no family history, and no statistically
significant associations among women with a family his-
tory. However, the number of cases among patients with
family history were small, so results need to be interpreted
cautiously, and we expect that with a larger sample size we
would have observed a significant association between the
PRS and breast cancer among women with a family history,
although with smaller magnitude of association.

A recent modeling study from the Cancer Intervention
and Surveillance Modeling Network (CISNET) found that
mammography screening tailored to the 313 SNP PRS
improved life years gained and breast cancer deaths averted
compared with USPSTF screening guidelines [22]. Our
results add to the literature by suggesting that PRS can iden-
tify short-term risk of poor prognosis disease, an important
step toward tailoring screening recommendations. Further
research is needed to determine whether using this informa-
tion to increase the frequency of screening or add supple-
mental screening can reduce breast cancer mortality.

A few limitations should be considered when interpret-
ing our findings. First, the study population was relatively
small, which may limit statistical power, particularly for
analyses stratified by family history. However, we were

able to compare our analytic population to the full under-
lying cohort of women undergoing mammography screen-
ing and found only small differences between those with
and without genetic data, suggesting that our results would
generalize to the larger population of women undergoing
mammography screening. In addition, the study population
was predominantly White, with mainly European ances-
try. We included women of other ancestries and adjusted
for ancestry principal components. However, future stud-
ies that utilize trans-ethnic GWAS summary statistics may
provide better risk assessment particularly for women with
non-European ancestry. We did not include information on
reproductive risk factors, given that our main research ques-
tion was the association of the PRS with short-term risk and
risk of poor prognosis cancer and our sample size was mod-
est. However, a very large prior study showed that the 313
SNP breast cancer PRS was independent of reproductive risk
factors and BMI [17] and therefore we think it is unlikely
that adjustment for these factors would meaningfully change
our results.

In summary, this is the first study to our knowledge to
examine the association of the 313 SNP breast cancer PRS
and subtype-specific PRS with short-term risk of breast can-
cer and short-term risk of poor prognosis breast cancers.
Our results provide intriguing evidence that the PRS may
aid in decision-making regarding personalized screening
approaches.

Appendix

See Tables 5, 6, 7, 8, and 9.

Table 5 Recruitment of breast

> Total Poor prognosis Good prog-
cancer cases for DNA analysis nosis
N % N % N %

Total cancer diagnoses 1394 386 1008

Total attempted contacts 684 320 364

Deceased/ineligible 10 1 7 2 3 1

Opt-out 159 23 85 27 74 20

Non-respondent 294 43 93 29 201 55

Consented, incomplete 16 2 11 3 5 1

Consented, complete 205 30 124 39 81 22

Consent rate, excluding deceased & ineligible 221/674 33 135/313 43 86/361 24

Complete rate, excluding deceased & ineligible ~ 205/674 30 124/313 40 81/361 22
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Table 6 Comparison of full

: Total non-cancers Analytic sample Total cancers Analytic sample
cohort and analytic sample by

case status

N 73,586 3349 1394 308

Age 56.0 (11.7) 57.27 (10.86) 59.5 (11.1) 57.8 (10.41)

Breast density
Almost entirely fat 7002 (9.5) 375 (11.2) 80 (5.7) 14 4.5)
Scattered fibroglandular densities 33,345 (45.3) 1618 (48.3) 586 (42.0) 115 (37.3)
Heterogeneously dense 29,077 (39.5) 1211 (36.2) 631 (45.3) 160 (51.9)
Extremely dense 4037 (5.5) 139 (4.2) 97 (7.0) 19 (6.2)
Missing 125 (0.2) 6(0.2) 0(0.0) 0(0.0)

Year
2006 4754 (6.5) 176 (5.3) 118 (8.5) 22 (7.1)
2007 6584 (9.0) 259 (7.7) 140 (10.0) 36 (11.7)
2008 5583 (7.6) 268 (8.0) 119 (8.5) 21 (6.8)
2009 5542 (7.5) 286 (8.5) 119 (8.5) 21(6.8)
2010 6200 (8.4) 289 (8.6) 127 (9.1) 28 (9.1)
2011 7089 (9.6) 300 (9.0) 149 (10.7) 36 (11.7)
2012 7983 (10.9) 349 (10.4) 148 (10.6) 26 (8.4)
2013 8960 (12.2) 383 (11.4) 163 (11.7) 46 (14.9)
2014 9700 (13.2) 461 (13.8) 147 (10.6) 38 (12.3)
2015 11,191 (15.2) 578 (17.3) 164 (11.8) 34 (11.0)

Race/ethnicity
White 61,024 (82.9) 2909 (86.9) 1233 (88.5) 286 (92.9)
Asian/PI 3648 (5.0) 60 (1.8) 52 (3.7) 6(1.9)
Black 2645 (3.6) 145 (4.3) 35(2.5) 9.9
Hispanic 349 (0.5) 152 (4.5) 3(0.2) 3(1.0)
Other unknown 5920 (8.1) 83 (2.5) 71 (5.1) 4(1.3)

First-degree relatives
0 64,135 (87.2) 2891 (86.3) 1102 (79.1) 237 (76.9)
1 8792 (12.0) 425 (12.7) 256 (18.4) 61 (19.8)
2 645 (0.9) 32 (1.0) 35(2.5) 10 (3.2)
3 14 (0.02) 1 (0.0) 1(0.1) 0(0.0)
Poor prognosis 386 (27.7) 147 (47.7)
ER/PR— 156 (11.2) 42 (13.6)
ER/PR + 1213 (87.0) 264 (85.7)
HER2 + 125 (9.0) 35(11.4)
TNBC 78 (5.6) 27 (8.8)

Table 7 Sensitivity analyses: logistic regression of PRS and cancer diagnosis within 2 years of a negative mammogram, overall, by prognosis,
and by ER status among women aged 40-74

Outcome, PRS N cases/controls OR 95% C1 p-value
40-74 All cancers, overall PRS 1.38 1.22,1.57 6.53x 107

Poor prognosis, overall PRS 1.20 1.01, 1.45 0.042

ER +cancers, ER +PRS 1.43 1.24, 1.64 3.15% 107

ER-— cancers, ER— PRS 1.44 1.04,1.97 0.026

Additionally adjusted for age, breast density, race/ethnicity, year of screening, and principal components of ancestry, OR per standard deviation

unit increase in PRS score
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-rrr?:(lifﬂi aggﬁgf;lslinagjfusted Outcome, PRS Continuous Categorical

for body mass index (BMI) OR 95% CI p-value OR 95% CI p-value

as a continuous or categorical

variable All cancers, overall PRS 1.36 1.19, 1.55 2.10x107° 1.39 1.22-1.57 1.87x1077
Poor prognosis, overall PRS 1.21 1.01-1.46  0.040 1.21 1.01-1.44  0.040
Good prognosis, overall PRS 1.47 1.24-1.74  7.46x10-6 1.53 1.29-1.80  3.67x 1077
ER + cancers, ER +PRS 1.40 1.21-1.60 1.81x10-6 1.42 1.24-1.62  241x10-7
ER- cancers, ER— PRS 1.51 1.09-2.08  0.012 1.52 1.11-2.08  0.008

Additionally adjusted for age, breast density, race/ethnicity, year of screening, principal components of
ancestry, and BMI, OR per standard deviation unit increase in PRS score

Table 9 Comparison of models
adjusting for race/ethnicity and
PCs

All cancers Poor prognosis cancers

OR 95%CI p-value OR 95%Cl p-value
Not adjusted for race/ethnicity or PCs 131 1.16-1.47 554x10° 1.16 0.98-1.38 0.080
Adjusted for race/ethnicity 138 1.22-1.55 1.66x107 121 1.01-1.44 0.032
Adjusted for PCs 139 1.23-1.57 1.02x107 123 1.03-1.46 0.021
Adjusted for both race/ethnicity and PCs  1.39  1.23-1.57 8.59x10° 123 1.02-1.46 0.022
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