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Supplementary Methods
Participants

The San Francisco Bay Area Breast Cancer Study (SFBCS) is a population-based case-control study
of breast cancer. The Greater Bay Area Cancer Registry was used to identify breast cancer cases newly
diagnosed from 1995-2002 in self-identified Latinas. Random-digit dialing was used to identify controls
matched on race/ethnicity and 5-year age group. The Northern California Breast Cancer Family Registry (NC-
BCFR) is one of six international sites participating in the Breast Cancer Family Registry. Cases diagnosed
from 1995-2009 were identified through the Greater Bay Area Cancer Registry, with controls also frequency
matched on race/ethnicity and 5-year age group. We combined the SFBCS and NC-BCFR datasets given that
they recruited from the same geographic region and in overlapping time frames. We used KING [1] to identify
relative pairs between SFBCS/NC-BCFR using a kinship coefficient of > 0.2. We removed one individual from
each relative pair while preferentially keeping cases. We also removed overlapping individuals with RPGEH,
yielding a total of 942 cases and 589 controls.

The Kaiser Permanente Northern California Research Project on Genes, Environment, and Health
(RPGEH) is a multiracial/multiethnic biobank comprised of consenting members of the Kaiser Permanente
Health Plan. A subset of cohort members was genotyped, forming the Genetic Epidemiology Research on
Adult health and Aging (GERA) cohort. We obtained genotype data for incident and prevalent cases of breast
cancer in Latinas from the GERA cohort (total n = 222) plus non-breast cancer Latina controls (n = 3,563).

The Multiethnic Cohort (MEC) study is a prospective cohort study of cancer that recruited in California
(predominantly Los Angeles County) and Hawaii. We analyzed a nested sample of 532 cases, representing all
incident cases of breast cancer in women aged 45 and over at diagnosis who self-identified as Latina. We
analyzed 1469 female controls matched on age (within 5 years) and self-identified ethnicity.

The Cancer de Mama (CAMA) study is a population-based case-control study of breast cancer in
Mexico City, Monterrey, and Veracruz, Mexico. We analyzed 709 cases aged 35-69 years and diagnosed from
2005-2007 at one of eleven hospitals in the study region. We also included 702 controls frequency-matched by
5-year age group.

The Post-Columbian Study of Environmental and Heritable Causes of Breast Cancer (COLUMBUS) is

a case-control study of breast cancer with individuals recruited throughout large cancer hospitals in central and
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southern Colombia and Mexico City. From Colombia, we analyzed 954 cases aged 21-88 years and diagnosed
2011-2017. We included 768 cancer-free controls recruited from the same institutions as cases and matched
on education, socioeconomic status, and local origin. Controls did not have a family history of breast cancer in
a first-degree relative.

From Mexico City, Mexico, we analyzed data from 481 cases aged 25-89 and diagnosed 2010-2018 at
the Social Security Hospital in Mexico City, the largest cancer hospital in the country. As controls, we included
453 blood donors without breast cancer recruited from the same hospital.

The Peru Genetics and Genomics of Breast Cancer Study (PEGEN-BC) is a case-series study. We
recruited 1650 participants from the Instituto Nacional de Enfermedades Neoplasicas (INEN) in Lima, Peru.
The initial inclusion criteria were an invasive breast cancer diagnosed between the ages of 21-79 years, and
after 2010. In actuality, our sample included 79 women diagnosed before 2010 (5 of whom were diagnosed
before the year 2000), and 4 women older than 79. A recruiter working locally at INEN identified eligible breast
cancer patients who had upcoming appointments with their oncology provider. During appointment check-in,
the recruiter approached eligible patients, provided the patients with information about the study, and obtained
written informed consent if they showed interest in participating in the study. At the end of their clinic visit,
blood was drawn by a certified phlebotomist at the INEN central laboratory. The participants were given a short
questionnaire with questions on lifestyle, family history, and reproductive behavior. Clinical data including
tumor characteristics, treatment, and disease progression was abstracted from medical records at INEN and
from outside clinics, if necessary. The current analysis included 818 breast cancer cases for whom genome-
wide genotypes were available. We analyzed 85 unrelated Peruvian samples from 1000 Genomes as controls.

From the City of Hope (COH), we included self-identified Latina participants in the Clinical Cancer
Genetics Community Research Network (CCGCRN), a multi-site registry of cancer center and community-
based clinics serving individuals with a personal or family history of breast cancer. Cases had a diagnosis of
invasive breast cancer. Controls were recruited locally and primarily at community health fairs, with an
additional 76 controls from the California Teachers Study [2]. We excluded first-degree relatives of MEC

participants. We analyzed 1,039 cases and 305 controls.



Genotyping

We performed genotyping using the following arrays (Table S1): Affymetrix 6.0 for SFBCS/NC-BCFR
samples; Affymetrix LAT for Kaiser Permanente RPGEH samples; lllumina 660 W-Quad for MEC cases and
lllumina 2.5M for MEC controls; lllumina OncoArray for CAMA samples; Axiom GW LAT Axiom Custom for
Colombian and Mexican controls, Axiom UK Biobank for COLUMBUS Colombian samples, and Affymetrix
Axiom Precision Medicine Research Array (PMRA) for COLUMBUS Mexican cases and controls, and for the
PEGEN-BC samples.

Sequence results were aligned using Burrows-Wheeler Aligner [3] and genotype calls were made using
Genome Analysis Toolkit [4] as previously described [5].

We excluded samples with >5% missing genotypes and SNPs with >5% missingness. All genotype
datasets were mapped to Genome Reference Consortium Human Build 37 (hg19). Each dataset (with the
exception of COH/CCGCRN) was phased using EAGLE v2.3 [6] and imputed to the Haplotype Reference
Consortium reference panel [7] using the Michigan Imputation Server [8]. Since the MEC datasets included
both 660K and 2.5M arrays, we performed imputation using the overlapping SNPs (n = 192,795) given that

pooling the separately-imputed datasets resulted in false positives.



Supplementary Table 1. Characteristics of 8 studies included in the analysis

Study Recruitment | Controls @ Cases @ Years of Age of Control group Genotyping Genotyping site  Imputation
area diagnosis cases, composition Platform Reference
(cases) years
SFBCS/NC- @ San 589 942 1995-2002 | 35-79 Identified through Affymetrix 6.0 University of 1000
BCFR Francisco (SFBCS), (SFBCS), random digit-dialing California, San Genomes,
Bay Area, 1995-2007 | 18-64 (NC- = and frequency Francisco (lab of HRC
USA (NC-BCFR) @ BCFR) matched on 5-year Esteban
age groups (both) Burchard)
Kaiser Northern 3563 222 >18 Overall cohort of Affymetrix LAT University of 1000
RPGEH California, self-identified California, San Genomes,
USA Latinas without Francisco HRC
breast cancer (Institute of
Human Genetics)
MEC Los Angeles 1469 532 >45 Frequency matched @ lllumina 660 W- University of 1000
County and on 5-year age Quad (cases), Southern Genomes,
Hawaii, USA groups and Omni 2.5M California (cases), HRC
ethnicity. (controls) Broad Institute
(controls)
CAMA Mexico City, 702 709 2005-2007  35-69 Frequency matched | lllumina Quebec Genome | HRC
Monterrey, on 5-year age OncoArray Center
and groups
Veracruz,
Mexico
COLUMBUS | Central and 761 954 2011-2017  21-88 Recruited from Affymetrix Axiom University of 1000
(Colombia) Southern same geographic GW LAT and North Carolina Genomes,
Colombia region Custom (controls), (cases), bioBANC | HRC
Axiom UKBiobank = (controls)
(cases)
COLUMBUS | Mexico City, 453 481 2010-2018  25-89 Recruited from Affymetrix Axiom | Affymetrix (cases, 1000
(Mexico) Mexico same geographical = PMRA (cases, controls), Genomes,
region controls), Axiom bioBANC HRC
GW LAT and (controls)
Custom (controls)
Peru Lima, Peru 85 818 1985-2018 | 22-91 Unrelated Affymetrix Axiom University of 1000 Genomes
individuals from PMRA (cases) California, San
1000 Genomes Francisco
recruited in Lima,
Peru
COH/ Southern 305 1039 1998- 18-85 Recruited from Next-generation City of Hope N/A
CCGCRN California, present same geographic sequencing with a
USA region targeted capture

kit



Abbreviations: CAMA = Cancer de Mama; COH/CCGCRN = City of Hope/Clinical Cancer Genetics Community Research Network; COLUMBUS = Colombian
Study of Environmental and Heritable Causes of Breast Cancer; HRC = Haplotype Reference Consortium; MEC = Multiethnic Cohort; NC-BCFR = Northern
California Breast Cancer Family Registry; PEGEN-BC = Peru Genetics and Genomics of Breast Cancer Study; PRS = polygenic risk score; RPGEH = Research
Project on Genes, Environment, and Health; SD = standard deviation; SFBCS = San Francisco Bay Area Breast Cancer Study



Supplementary Table 2. List of SNPs in the 180-SNP PRS with allele frequencies and associations from 7 pooled Hispanic datasets
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1.07 (0.98-1.16)
1.00 (0.92-1.09)
1.03 (0.97-1.10)
1.00 (0.93-1.07)
1.02 (0.95-1.08)
1.11 (1.04-1.19)

1.16 (1.05-1.27)
1.27 (1.19-1.35)

1.02 (0.94-1.09)
1.10 (1.03-1.17)
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0.98
0.08
0.17

0.15
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Abbreviations: chr = chromosome; Cl = confidence interval; COLUMBUS = Colombian Study of Environmental and Heritable Causes of Breast Cancer; OR = odds
ratio; pos = position; RAF = risk allele frequency; SNP = single nucleotide polymorphism

* rs72749841 not included in meta-analysis due to imputation quality

T San Francisco Bay Area Breast Cancer Study/Northern California Breast Cancer Family Registry (SFBCS/NC-BCFR), Research Project on Genes, Environment,
and Health (RPGEH), Multiethnic Cohort (MEC), Cancer de Mama (CAMA), the Peru Genetics and Genomics of Breast Cancer Study (PEGEN-BC)

I Odds ratio and p-value for association of risk versus other allele with breast cancer in multivariable logistic regression adjusted for genetic ancestry

§ Two-sided P-value from Cochran’s Q-test for heterogeneity of estimates
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Supplementary Table 3. Association of PRS constructed using different imputation r? cutoffs with breast
cancer risk

Imputation r? cutoff Number of SNPs OR per SD (95% CI)*

>0 180 1.57 (1.49 to 1.65)
r’>0.5 166 1.57 (1.50 to 1.66)
rr>0.8 134 1.53 (1.45to 1.61)

Abbreviations: Cl = confidence interval; OR = odds ratio; SD = standard deviation; SNPs = single nucleotide
polymorphisms

* Odds ratio of breast cancer per standard deviation increment of PRS relative to the mean in controls. Calculated from

multivariable logistic regression of PRS adjusted for study and genetic ancestry among participants of the San Francisco
Bay Area Breast Cancer Study/Northern California Breast Cancer Family Registry (SFBCS/NC-BCFR), Research Project
on Genes, Environment, and Health (RPGEH), Multiethnic Cohort (MEC), and Cancer de Mama (CAMA), total n = 8,728
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Supplementary Table 4. Associations of the 180-SNP and 71-SNP PRS with genetic ancestry

PRS Indigenous American European African
B (95% CI)* P- B (95% CI)* P- B (95% CI)* P-
value* value* value*
180-SNPt -0.002 (-0.006 to 0.002) 0.40 0 (-0.005 to 0.004) 0.72 0.002 (0 to 0.004) 0.02
71-SNP% -0.018 (-0.023 t0 -0.013) | <0.001 | 0.013(0.008 t0 0.019) = <0.001 & 0.005 (0.003 to 0.007) = <0.001

Abbreviations: Cl = confidence interval; PRS = polygenic risk score

* Beta coefficient, 95% CI, and two-sided p-value from linear regression of PRS (independent variable) on genetic
ancestry (dependent variable), adjusted for study. Beta values correspond to change in genetic ancestry on 0 to 1 scale
per standard deviation increase in PRS relative to the mean in controls

T Calculated in controls from 7 datasets, excluding City of Hope/Clinical Cancer Genetics Community Research Network
(COH/CCGCRN) data (n = 7,622)

I Calculated in controls from all datasets (n = 7,927)
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Supplementary Table 5. Association between 71-SNP PRS and breast cancer risk (COH/CCGCRN
participants excluded)

PRS category Controls Cases OR (95% CI)t P-
trend}

Continuous (per 7622 4658 1.49 (1.43 to 1.55) --
standard deviation)
Percentiles of PRS <0.001

<10 763 232 0.55 (0.46 to 0.65)

10-20 762 292 0.69 (0.59t0 0.81)

20-30 761 312 0.74 (0.63 to 0.86)

30-40 763 353 0.83 (0.71t0 0.97)

40-60 1525 849 1 (referent)

60-70 762 536 1.26 (1.10 to 1.45)

70-80 761 562 1.33 (1.16 to 1.52)

80-90 763 646 1.52 (1.33 to 1.74)

>90 762 876 2.06 (1.82 to 2.35)

Abbreviations: Cl = confidence interval; OR = odds ratio; SD = standard deviation

* Calculated in case-control analysis in 7 datasets, excluding City of Hope/Clinical Cancer Genetics Community Research
Network (COH/CCGCRN) data (n = 12,280)

1 Odds ratio from multivariable logistic regression of PRS adjusted for study and genetic ancestry. Referent group is 40-
60" percentile.

I Two-sided P-value for test of linear trend between per-decile estimates
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Supplementary Table 6. Areas under the receiver operating characteristic curve and odds ratios per standard
deviation of the 180-SNP PRS in Hispanics by quartiles of Indigenous American ancestry, stratified by U.S.
Latinas and Latin-American women

Indigenous American Controls Cases AUROC P- OR (95% Ch)t P-
ancestry category (95% CI)* valuet value§
U.S. Latinas||
All 5621 1696 0.63 (0.62 to 0.65) 1.62 (1.52t0 1.71)
Quartiles of IA ancestry (%) 0.06 0.02

Qf1, <0.22 1493 337 0.66 (0.63 to 0.69) 1.88 (1.65 t0 2.13)

Q2, 0.22-0.34 1412 417 0.61 (0.58 to 0.64) 1.51 (1.34 to 1.70)

Q3, 0.34-0.45 1345 484 0.63 (0.60 to 0.66) 1.57 (1.40 to 1.75)

Q4, >0.45 1371 458 0.62 (0.59 to 0.65) 1.53 (1.38 to 1.70)
Latin-American womenq
All 2001 2962 0.62 (0.61 to 0.64) 1.54 (1.45 to0 1.63)
Quartiles of 1A ancestry (%) 0.35 0.49

Q1, <0.43 527 714 0.61 (0.58 to 0.65) 1.52 (1.35t0 1.71)

Q2, 0.43-0.54 554 687 0.63 (0.60 to 0.66) 1.55 (1.37 to 1.74)

Q3, 0.54-0.71 538 703 0.61 (0.58 to 0.64) 1.46 (1.30 to 1.64)

Q4, >0.71 382 858 0.64 (0.60 to 0.67) 1.62 (1.43 to 1.82)

Abbreviations: AUROC = area under receiver operating characteristic curve; Cl = confidence interval; 1A = Indigenous
American

* AUROC from multivariable logistic regression of PRS adjusted for study and genetic ancestry

T Two-sided P-value for test of equality of AUROCs between Q1 and Q4 of |A ancestry

I Odds ratio of breast cancer per standard deviation increment of PRS relative to the mean in controls. Calculated from
multivariable logistic regression adjusted for study and genetic ancestry

§ Two-sided P-value for comparison of OR of PRS between Q1 and Q4 of IA ancestry using Wald test of linear hypothesis
|| Women from U.S. studies: SFBCS/NC-BCFR, RPGEH, MEC (total n = 7,317)

1l Women from Latin-American studies: CAMA, Peru, COLUMBUS - Colombia, COLUMBUS — Mexico (total n = 4,963)
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Supplementary Figure 1. Distribution of log-normalized polygenic risk score containing 180 single nucleotide
polymorphisms in 4,658 cases and 7,622 controls.
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Supplementary Figure 2. Ancestry distribution by case/control status across eight studies included in this
analysis: (A) San Francisco Bay Area Breast Cancer Study and Northern California Breast Cancer Family
Registry (SFBCS/NC-BCFR), (B) Research Project on Genes, Environment, and Health (RPGEH), (C)
Multiethnic Cohort (MEC), (D) Cancer de Mama (CAMA), (E) Colombian Study of Environmental and Heritable
Causes of Breast Cancer (COLUMBUS)-Colombia, (F) COLUMBUS-Mexico, (G) Peru Genetics and Genomics
of Breast Cancer Study (PEGEN-BC), and (H) City of Hope/Clinical Cancer Genetics Community Research
Network (COH/CCGCRN). Each individual is represented by a vertical line with relative contributions of
Indigenous American (AMR), European (EUR), African (AFR), and East Asian (EAS) genetic ancestry
represented by the colors.
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