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1. SUPPLEMENTARY TABLES

Supplementary Table 1. Sample sizes for summary-level GWAS data used for analysis of 14 cancers.

Number of SNPs
Group? Cancer site ;::z:;di:ftt:; Number of cases | Number of controls Chlinpfci)r:‘r:::iacflon
model
CLLbt 1,068,036 3,100 7,667 Infor score >0.3
Esophageal<? 1,068,728 3,914 6,718 Info score >0.4
1 Testicular3 1,066,591 3,558 13,970 Info score >0.3
Oropharyngeal* 1,067,193 6,034 6,585 Call rate >98%
Pancreas® 915,805 8,638 12,217 Info >0.3
Renal® 1,067,952 10,784 20,407 Info >0.3
Glioma? 1,067,960 12,488 18,169 Info >0.4
Melanoma?8 1,052,042 12,874 23,203 Quality R"2>0.95
2 o
Colorectal? 1,058,067 17,050 19,529 Ca':ﬁ;ig? %
Endometrial® 1,068,132 12,906 108,979 Info score>0.4
Ovarian'? 1,068,810 22,406 40,951 Call rate >95%
Lung!2 1,009,906 29,266 56,450 R72>0.3, info >0.4
3 Prostatel3 806,185 79,148 61,106 RA2>0.8
Breast!4 1,067,502 108,067 88,386 Info score >0.3

aGroup 1, group 2, and group 3 include <10K, 10-25K, and >25K cases in the analysis, respectively. °CLL = chronic lymphocytic leukemia.

‘Includes Barrett’s esophagus and esophageal adenocarcinoma cases.




Supplementary Table 2. Number of independent genome-wide significant SNPs (p< 5 x 10~8) and
associated heritability explained in the current datasets and those projected based on the estimated
effect-size distribution using sample sizes of the current datasets. The number of independent SNPs
reaching genome-wide significance in current studies were based on LD-clumping with an r?-threhold of
0.1 and 1 MB window size. The heritability explained (h?) associated with these SNPs were calculated
using the formula h? = Zi(ﬁiz - ‘L'iz) where [?l- is the estimate of log-odds-ratio (in standardized scale)
and t; is the corresponding standard error for the i-th SNP.

2 . .
Number of Observed h GENESIS projections GENESIS projection of
. of the of number of 2
genome-wide . . hz of the genome-
oL genome-wide genome-wide Lo
significant SNPs - R wide significant SNPs
observed significant significant SNPs (95%Cl)
SNPs (95%Cl1) ?
CLL® 20 0.559 16 (8, 29) 0.53(0.31, 0.83)
Esophageal 1 0.012 0(0, 5) 0.00 (0.00, 0.03)
Testicular 38 0.908 44 (28, 79) 1.10(0.81, 1.59)
Oropharyngeal 0 0.000 0 (NA) 0.00 (NA)
Pancreas 11 0.128 11 (5, 25) 0.13 (0.07, 0.24)
Renal 16 0.116 12 (5, 28) 0.10 (0.05, 0.17)
Glioma 33 0.488 22 (13, 35) 0.44 (0.33, 0.55)
Melanoma 26 0.265 28 (16, 48) 0.27 (0.20, 0.36)
Colorectal 8 0.039 8(3,19) 0.03 (0.01, 0.08)
Endometrial 13 0.047 12 (5, 34) 0.05 (0.03, 0.12)
Ovarian 12 0.056 16 (7, 34) 0.07 (0.04, 0.12)
Lung 15 0.066 8 (3, 18) 0.06 (0.04, 0.08)
Prostate 144 0.392 127 (102, 169) 0.37 (0.33, 0.41)
Breast 169 0.278 149 (120, 192) 0.27 (0.24, 0.29)

aCLL = chronic lymphocytic leukemia.




2. SUPPLEMENTARY FIGURES
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Supplementary Figure 1. Q-Q plots comparing observed distributions of GWAS summary statistics
against those expected under the fitted GENESIS models across 8 different cancers. X-axis represents
expected —log,o(p-value), and y-axis represent observed —log;(p-value). Plots in upper and lower
panels are generated under the two- and three-component models, respectively. The two-component
model assumes the non-null effect sizes to follow a single normal distribution. The three-component
model assumes the non-null effect sizes to follow a mixture of two normal distributions with two distinct
variance components. Shaded regions mark 80% point-wise confidence intervals derived from 100
simulations. A, is the genomic control factor in the observed summary-level GWAS data; Ag; is the
mean genomic control factor in simulated data over 100 replications. The ranges for all plots are
restricted to be p-value < 10710, cLL = chronic lymphocytic leukemia.
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Supplementary Figure 2. Q-Q plots comparing observed distributions of GWAS summary statistics
against those expected under the fitted GENESIS models across 6 different cancers. X-axis represents
expected —log,o(p-value), and y-axis represent observed —log;(p-value). Plots in upper and lower
panels are generated under the two- and three-component models, respectively. The two-component
model assumes the non-null effect sizes to follow a single normal distribution. The three-component
model assumes the non-null effect sizes to follow a mixture of two normal distributions with two distinct
variance components. Shaded regions mark 80% point-wise confidence intervals derived from 100
simulations. A, is the genomic control factor in the observed summary-level GWAS data; Ag; is the
mean genomic control factor in simulated data over 100 replications. The ranges for all plots are
restricted to be p-value < 10719,
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Supplementary Figure 3. Projections of area under the curve (AUC) characterizing predictive
performance of PRS as sample size for GWAS increases. Results are shown for PRS including SNPs at the
optimized p-value threshold (solid curve) and at genome-wide significance (p<5 x 10~8) level (dashed
curve). The dotted horizontal red line indicates the maximum AUC achievable according to the estimate
of GWAS heritability. Colored dots correspond to sample size for largest published GWAS and those for

doubled and quadruped Sizes. For oropharyngeal cancer, the projections at the “current sample size” are based on a sample size of
25K cases and 25K controls. For breast and esophageal cancer, the projections at the “current sample size” are based on the current largest
GWAS sample sizes: 123K cases and 106K controls, and 10K cases and 17K controls, respectively. For all other cancer sites, the projections at
the “current sample size” are based on the GWAS sample sizes in Supplementary Table 1. CLL = chronic lymphocytic leukemia.
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Supplementary Figure 4. Projections of relative risks for individuals at or higher than 99*" percentile of
PRS distribution (compared to average risk) as sample size for GWAS increases. Results are shown for
PRS including SNPs at the optimized p-value threshold (solid curve) and at genome-wide significance
(p<5 % 1078) level (dashed curve). The dotted horizontal red line indicates the maximum relative risk
achievable according to estimate of GWAS heritability. Colored dots correspond to sample size for
largest published GWAS and those for doubled and quadruped sizes. Y-axis is presented in log10 scale.

For oropharyngeal cancer, the projections at the “current sample size” are based on a sample size of 25K cases and 25K controls. For breast and
esophageal cancer, the projections at the “current sample size” are based on the current largest GWAS sample sizes: 123K cases and 106K
controls, and 10K cases and 17K controls, respectively. For all other cancer sites, the projections at the “current sample size” are based on the
GWAS sample sizes in Supplementary Table 1. CLL = chronic lymphocytic leukemia.
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Supplementary Figure 5. Projected distribution of age-stratified residual lifetime risk (up to age 75) in
US Non-Hispanic Whites according to variation of polygenic risk scores (group 1 cancers). Colored
shades correspond to sample size for largest published GWAS and those for doubled, quadruped and

infinite sizes. For oropharyngeal cancer, the projections at the “current sample size” are based on a sample size of 25K cases and 25K
controls. For esophageal cancer, the projections at the “current sample size” are based on the current largest GWAS sample sizes: 10K cases
and 17K controls. For all other cancer sites, the projections at the “current sample size” are based on the GWAS sample sizes in Supplementary
Table 1. CLL = chronic lymphocytic leukemia.
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Supplementary Figure 6. Projected distribution of age-stratified residual lifetime risk (up to age 75) in
US Non-Hispanic Whites according to variation of polygenic risk scores (group 2 cancers). Colored
shades correspond to sample size for largest published GWAS and those for doubled, quadruped and

infinite sizes. For all cancer sites, the projections at the “current sample size” are based on the GWAS sample sizes in Supplementary Table
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Supplementary Figure 7. Projected distribution of age-stratified residual lifetime risk (up to age 75) in

US Non-Hispanic Whites according to variation of polygenic risk scores (group 3 cancers). Colored
shades correspond to sample size for largest published GWAS and those for doubled, quadruped and

infinite sizes. For breast cancer, the projections at the “current sample size” are based on the current largest GWAS sample sizes: 123K
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3. SUPPLEMENTARY NOTE
3.1 CONSORTIUM-SPECIFIC FUNDING AND ACKNOWLEDGEMENTS

BCAC

Funding:

BCAC is funded by Cancer Research UK [C1287/A16563, C1287/A10118], the European Union's Horizon
2020 Research and Innovation Programme (grant numbers 634935 and 633784 for BRIDGES and B-CAST
respectively), and by the European Community’s Seventh Framework Programme under grant
agreement number 223175 (grant number HEALTH-F2-2009-223175) (COGS). The EU Horizon 2020
Research and Innovation Programme funding source had no role in study design, data collection, data
analysis, data interpretation or writing of the report.

Genotyping of the OncoArray was funded by the NIH Grant U19 CA148065, and Cancer UK Grant
C1287/A16563 and the PERSPECTIVE project supported by the Government of Canada through Genome
Canada and the Canadian Institutes of Health Research (grant GPH-129344) and, the Ministere de
I’Economie, Science et Innovation du Québec through Genome Québec and the PSRSIIRI-701 grant, and
the Quebec Breast Cancer Foundation. Funding for the iCOGS infrastructure came from: the European
Community's Seventh Framework Programme under grant agreement n° 223175 (HEALTH-F2-2009-
223175) (COGS), Cancer Research UK (C1287/A10118, C1287/A10710, C12292/A11174, C1281/A12014,
C5047/A8384, C5047/A15007, C5047/A10692, C8197/A16565), the National Institutes of Health
(CA128978) and Post-Cancer GWAS initiative (1U19 CA148537, 1U19 CA148065 and 1U19 CA148112 -
the GAME-ON initiative), the Department of Defence (W81XWH-10-1-0341), the Canadian Institutes of
Health Research (CIHR) for the CIHR Team in Familial Risks of Breast Cancer, and Komen Foundation for
the Cure, the Breast Cancer Research Foundation, and the Ovarian Cancer Research Fund. The DRIVE
Consortium was funded by U19 CA148065.

The Australian Breast Cancer Family Study (ABCFS)was supported by grant UM1 CA164920 from the
National Cancer Institute (USA). The content of this manuscript does not necessarily reflect the views or
policies of the National Cancer Institute or any of the collaborating centers in the Breast Cancer Family
Registry (BCFR), nor does mention of trade names, commercial products, or organizations imply
endorsement by the USA Government or the BCFR. The ABCFS was also supported by the National
Health and Medical Research Council of Australia, the New South Wales Cancer Council, the Victorian
Health Promotion Foundation (Australia) and the Victorian Breast Cancer Research Consortium. J.L.H. is
a National Health and Medical Research Council (NHMRC) Senior Principal Research Fellow. M.C.S. is a
NHMRC Senior Research Fellow. The ABCS study was supported by the Dutch Cancer Society [grants NKI
2007-3839; 2009 4363]. The Australian Breast Cancer Tissue Bank (ABCTB) was supported by the
National Health and Medical Research Council of Australia, The Cancer Institute NSW and the National
Breast Cancer Foundation. The ACP study is funded by the Breast Cancer Research Trust, UK. The work
of the BBCC was partly funded by ELAN-Fond of the University Hospital of Erlangen. The BBCS is funded
by Cancer Research UK and Breast Cancer Now and acknowledges NHS funding to the NIHR Biomedical
Research Centre, and the National Cancer Research Network (NCRN). The BCEES was funded by the
National Health and Medical Research Council, Australia and the Cancer Council Western Australia and
acknowledges funding from the National Breast Cancer Foundation (JS). For the BCFR-NY, BCFR-PA,
BCFR-UT this work was supported by grant UM1 CA164920 from the National Cancer Institute. The
content of this manuscript does not necessarily reflect the views or policies of the National Cancer
Institute or any of the collaborating centers in the Breast Cancer Family Registry (BCFR), nor does
mention of trade names, commercial products, or organizations imply endorsement by the US
Government or the BCFR. For BIGGS, ES is supported by NIHR Comprehensive Biomedical Research
Centre, Guy's & St. Thomas' NHS Foundation Trust in partnership with King's College London, United
Kingdom. IT is supported by the Oxford Biomedical Research Centre. BOCS is supported by funds from
Cancer Research UK (C8620/A8372/A15106) and the Institute of Cancer Research (UK).
BOCSacknowledges NHS funding to the Royal Marsden / Institute of Cancer Research NIHR Specialist
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Cancer Biomedical Research Centre. The BREast Oncology GAlician Network (BREOGAN) is funded by
Accion Estratégica de Salud del Instituto de Salud Carlos Il FIS P112/02125/Cofinanciado FEDER; Accion
Estratégica de Salud del Instituto de Salud Carlos Ill FIS Intrasalud (P113/01136); Programa Grupos
Emergentes, Cancer Genetics Unit, Instituto de Investigacion Biomedica Galicia Sur. Xerencia de Xestion
Integrada de Vigo-SERGAS, Instituto de Salud Carlos lll, Spain; Grant 10CSAQ12E, Conselleria de Industria
Programa Sectorial de Investigacion Aplicada, PEME | + D e | + D Suma del Plan Gallego de Investigacion,
Desarrollo e Innovacién Tecnoldgica de la Conselleria de Industria de la Xunta de Galicia, Spain; Grant
EC11-192. Fomento de la Investigacidn Clinica Independiente, Ministerio de Sanidad, Servicios Sociales e
Ilgualdad, Spain; and Grant FEDER-Innterconecta. Ministerio de Economia y Competitividad, Xunta de
Galicia, Spain. The BSUCH studywas supported by the Dietmar-Hopp Foundation, the Helmholtz Society
and the German Cancer Research Center (DKFZ). CBCS is funded by the Canadian Cancer Society (grant #
313404) and the Canadian Institutes of Health Research. CCGP is supported by funding from the
University of Crete. The CECILE study was supported by Fondation de France, Institut National du Cancer
(INCa), Ligue Nationale contre le Cancer, Agence Nationale de Sécurité Sanitaire, de I'Alimentation, de
I'Environnement et du Travail (ANSES), Agence Nationale de la Recherche (ANR). The CGPS was
supported by the Chief Physician Johan Boserup and Lise Boserup Fund, the Danish Medical Research
Council, and Herlev and Gentofte Hospital. The American Cancer Society funds the creation,
maintenance, and updating of the CPS-ll cohort. The CTS was initially supported by the California Breast
Cancer Act of 1993 and the California Breast Cancer Research Fund (contract 97-10500) and is currently
funded through the National Institutes of Health (RO1 CA77398, UM1 CA164917, and U01 CA199277).
Collection of cancer incidence data was supported by the California Department of Public Health as part
of the statewide cancer reporting program mandated by California Health and Safety Code Section
103885. HAC receives support from the Lon V Smith Foundation (LVS39420). The University of
Westminster curates the DietComplLyf database funded by Against Breast Cancer Registered Charity No.
1121258 and the NCRN. The coordination of EPIC is financially supported by the European Commission
(DG-SANCO) and the International Agency for Research on Cancer. The national cohorts are supported
by: Ligue Contre le Cancer, Institut Gustave Roussy, Mutuelle Générale de I'Education Nationale, Institut
National de la Santé et de la Recherche Médicale (INSERM) (France); German Cancer Aid, German
Cancer Research Center (DKFZ), Federal Ministry of Education and Research (BMBF) (Germany); the
Hellenic Health Foundation, the Stavros Niarchos Foundation (Greece); Associazione ltaliana per la
Ricerca sul Cancro-AIRC-Italy and National Research Council (Italy); Dutch Ministry of Public Health,
Welfare and Sports (VWS), Netherlands Cancer Registry (NKR), LK Research Funds, Dutch Prevention
Funds, Dutch ZON (Zorg Onderzoek Nederland), World Cancer Research Fund (WCRF), Statistics
Netherlands (The Netherlands); Health Research Fund (FIS), PI13/00061 to Granada, P113/01162 to EPIC-
Murcia, Regional Governments of Andalucia, Asturias, Basque Country, Murcia and Navarra, ISCIII RETIC
(RD06/0020) (Spain); Cancer Research UK (14136 to EPIC-Norfolk; C570/A16491 and C8221/A19170 to
EPIC-Oxford), Medical Research Council (1000143 to EPIC-Norfolk, MR/M012190/1 to EPIC-Oxford)
(United Kingdom). The ESTHER study was supported by a grant from the Baden Wiirttemberg Ministry
of Science, Research and Arts. Additional cases were recruited in the context of the VERDI study, which
was supported by a grant from the German Cancer Aid (Deutsche Krebshilfe). FHRISK is funded from
NIHR grant PGfAR 0707-10031. The GC-HBOC (German Consortium of Hereditary Breast and Ovarian
Cancer) is supported by the German Cancer Aid (grant no 110837, coordinator: Rita K. Schmutzler,
Cologne). This work was also funded by the European Regional Development Fund and Free State of
Saxony, Germany (LIFE - Leipzig Research Centre for Civilization Diseases, project numbers 713-241202,
713-241202, 14505/2470, 14575/2470). The GENICA was funded by the Federal Ministry of Education
and Research (BMBF) Germany grants 01KW9975/5, 01KW9976/8, 01KW9977/0 and 01KW0114, the
Robert Bosch Foundation, Stuttgart, Deutsches Krebsforschungszentrum (DKFZ), Heidelberg, the
Institute for Prevention and Occupational Medicine of the German Social Accident Insurance, Institute of
the Ruhr University Bochum (IPA), Bochum, as well as the Department of Internal Medicine,
Evangelische Kliniken Bonn gGmbH, Johanniter Krankenhaus, Bonn, Germany. The GEPARSIXTO study
was conducted by the German Breast Group GmbH. The GESBC was supported by the Deutsche
Krebshilfe e. V. [70492] and the German Cancer Research Center (DKFZ). The HABCS study was
supported by the Claudia von Schilling Foundation for Breast Cancer Research, by the Lower Saxonian
Cancer Society, and by the Rudolf Bartling Foundation. TheHEBCS was financially supported by the
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Foundation. TheHERPACC was supported by MEXT Kakenhi (No. 170150181 and 26253041) from the
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