Shared genetics underlying epidemiological association between
endometriosis and ovarian cancer

Yi Lu', Gabriel Cuellar’, Jodie N Painter?, Dale Nyholt®, Australian Ovarian Cancer Study* ®,
The International Endogene Consortium (IEC), Andrew P Morris®, Peter A. Fasching”®,
Alexander Hein®, Stefanie Burghaus®, Matthias W. Beckmann®, Diether Lambrechts® *°, Els
Van Nieuwenhuysen'!, Ignace Vergote™, Adriaan Vanderstichele', Jennifer Anne Doherty?,
Mary Anne Rossing™ **, Kristine G. Wicklund™, Jenny Chang-Claude™, Ursula Eilber",
Anja Rudolph®®, Shan Wang-Gohrke®®, Marc T. Goodman'" '8, Natalia Bogdanova'®, Thilo
Dork®, Matthias Diirst®, Peter Hillemanns®, Ingo B. Runnebaum?®*, Natalia Antonenkova®,
Ralf Butzow?*, Arto Leminen®, Heli Nevanlinna®, Liisa M. Pelttari?5, Robert P. Edwards®,
Joseph L. Kelley?®, Francesmary Modugno®®?, Kirsten B. Moysich®®, Roberta B. Ness®,
Rikki Cannioto®, Estrid Hggdall®** 32, Allan Jensen®!, Graham G. Giles****, Fiona
Bruinsma®>, Susanne K. Kjaer*"*, Michelle A.T. Hildebrandt®’, Dong Liang®, Karen H.
Lu*, Xifeng Wu*’, Maria Bisogna*®, Fanny Dao™, Douglas A. Levine®®, Daniel W. Cramer*,
Kathryn L. Terry*, Shelley S. Tworoger** *®, Stacey Missmer****, Line Bjorge*> *°, Helga B.
Salvesen**®, Reidun K. Kopperud®' “°, Katharina Bischof** *°, Katja K.H. Aben*" *,
Lambertus A. Kiemeney*’, Leon F.A.G. Massuger*®, Angela Brooks-Wilson®” !, Sara H.
Olson®?, Valerie McGuire®, Joseph H. Rothstein®®, Weiva Sieh>®, Alice S. Whittemore®,
Linda S. Cook®, Nhu D. Le®, C. Blake Gilks®, Jacek Gronwald®’, Anna Jakubowska®’, Jan
Lubifski®’, Jan Gawelko®®, Honglin Song®®, Jonathan P. Tyrer®®, Nicolas Wentzensen®,
Louise Brinton®, Britton Trabert™, Jolanta Lissowska®', John R. McLaughlin®, Steven A.
Narod®®, Catherine Phelan®, Hoda Anton-Culver®® %, Argyrios Ziogas®, Diana Eccles®’,
Simon A. Gayther®, Aleksandra Gentry-Maharaj®®, Usha Menon®®, Susan J. Ramus™, Anna
H. Wu™, Agnieszka Dansonka-Mieszkowska’, Jolanta Kupryjanczyk’, Agnieszka
Timorek'?, Lukasz Szafron’, Julie M. Cunningham’®, Brooke L. Fridley®, Stacey J.
Winham”®, Elisa V. Bandera’®, Elizabeth M. Poole** **, Terry K. Morgan’’, Harvey A.
Risch’®, Ellen L. Goode’®, Joellen M. Schildkraut®® ®, Penelope M. Webb*, Celeste L.
Pearce’®® Andrew Berchuck®®, Paul D. P. Pharoah® ® Grant W. Montgomery®®, Krina T.
Zondervan® ®, Georgia Chenevix-Trench®’, Stuart Macgregor"

1. Statistical Genetics, QIMR Berghofer Medical Research Institute, 300 Herston Road,
Herston, QLD 4006, Australia.

2. Molecular Cancer Epidemiology, QIMR Berghofer Medical Research Institute, 300
Herston Road, Herston, QLD 4006, Australia.

3. Institute of Health and Biomedical Innovation, Queensland University of Technology,
Queensland, Australia.

4. Population Health Department, QIMR Berghofer Medical Research Institute, 300 Herston
Road, Herston, QLD 4006, Australia.

5. Research Division, Peter MacCallum Cancer Centre, St Andrews Place, East Melbourne,
Australia.

6. Genetic and Genomic Epidemiology Unit, Wellcome Trust Centre for Human Genetics,
University of Oxford, Oxford, UK.

7. University of California at Los Angeles, David Geffen School of Medicine, Department of
Medicine, Division of Hematology and Oncology.



8. University Hospital Erlangen, Department of Gynecology and Obstetrics, Friedrich-
Alexander-University Erlangen-Nuremberg, Comprehensive Cancer Center Erlangen
Nuremberg, Universitaetsstrasse 21-23, 91054 Erlangen, Germany.

9. Laboratory for Translational Genetics, Department of Oncology, University of Leuven,
Belgium.

10.Vesalius Research Center, VIB, Leuven, Belgium.

11. Division of Gynecologic Oncology, Department of Obstetrics and Gynaecology and
Leuven Cancer Institute, University Hospitals Leuven, Leuven, Belgium.

12. Department of Community and Family Medicine, Section of Biostatistics &
Epidemiology, Geisel School of Medicine, Dartmouth College, Hanover, New Hampshire,
USA

13. Department of Epidemiology, University of Washington, Seattle, WA, USA.

14. Program in Epidemiology, Division of Public Health Sciences, Fred Hutchinson Cancer
Research Center, Seattle, WA, USA.

15. German Cancer Research Center, Division of Cancer Epidemiology, Heidelberg,
Germany.

16. Department of Obstetrics and Gynecology, University of Ulm, Ulm, Germany.

17. Cancer Prevention and Control, Samuel Oschin Comprehensive Cancer Institute, Cedars-
Sinai Medical Center, Los Angeles, California, USA.

18. Community and Population Health Research Institute, Department of Biomedical
Sciences, Cedars-Sinai Medical Center, Los Angeles, California, USA.

19. Radiation Oncology Research Unit, Hannover Medical School, Hannover, Germany.

20. Gynaecology Research Unit, Hannover Medical School, Hannover, Germany.

21. Department of Gynecology, Jena-University Hospital-Friedrich Schiller University, Jena,
Germany.

22. Clinics of Obstetrics and Gynaecology, Hannover Medical School, Hannover, Germany.
23. N.N. Alexandrov National Cancer Centre of Belarus, Minsk, Belarus.

24. Department of Pathology, University of Helsinki and Helsinki University Hospital,
Helsinki, Finland.

25. Department of Obstetrics and Gynecology, University of Helsinki and Helsinki University
Hospital, Helsinki, Finland.

26. Department of Obstetrics, Gynecology and Reproductive Sciences, Division of
Gynecologic Oncology, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA.
27. Womens Cancer Research Program, Magee-Womens Research Institute and University of
Pittsburgh Cancer Institute, Pittsburgh, PA, USA.

28. Department of Epidemiology, University of Pittsburgh Graduate School of Public Health,
Pittsburgh, PA, USA.

29. Department of Cancer Prevention and Control, Roswell Park Cancer Institute, Buffalo,
NY, USA.

30. The University of Texas School of Public Health, Houston, TX, USA.

31. Department of Virus, Lifestyle and Genes, Danish Cancer Society Research Center,
Copenhagen, Denmark

32. Molecular Unit, Department of Pathology, Herlev Hospital, University of Copenhagen,
Copenhagen, Denmark.

33. Department of Epidemiology and Preventive Medicine, Monash University, Melbourne,
Victoria, Australia.

34. Centre for Epidemiology and Biostatistics, Melbourne School of Population and Global
Health, The University of Melbourne, Victoria, Australia.

35. Cancer Epidemiology Centre, Cancer Council Victoria, Melbourne, Australia.



36. Department of Gynaecology, Rigshospitalet, University of Copenhagen, Copenhagen,
Denmark.

37. Department of Epidemiology, The University of Texas MD Anderson Cancer Center,
Houston, Texas, USA.

38. College of Pharmacy and Health Sciences, Texas Southern University, Houston, Texas,
USA.

39. Department of Gynecologic Oncology, The University of Texas MD Anderson Cancer
Center, Houston, Texas, USA.

40. Gynecology Service, Department of Surgery, Memorial Sloan Kettering Cancer Center,
New York, NY, USA.

41. Obstetrics and Gynecology Epidemiology Center, Brigham and Women's Hospital,
Boston, Massachusetts, USA.

42. Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts,
USA.

43. Channing Division of Network Medicine, Brigham and Women's Hospital and Harvard
Medical School, Boston, Massachusetts, USA.

44. Department of Obstetrics and Gynecology, Brigham and Women's Hospital and Harvard
Medical School, Boston, Massachusetts, USA.

45. Department of Gynecology and Obstetrics, Haukeland University Horpital, Bergen,
Norway.

46. Centre for Cancer Biomarkers, Department of Clinical Science, University of Bergen,
Bergen, Norway.

47. Radboud University Medical Centre, Radbond Institute for Health Sciences, Nijmegen,
Netherlands

48. Netherlands Comprehensive Cancer Organisation, Utrecht, The Netherlands.

49. Radboud university medical center, Radboud Institute for Molecular Life Sciences,
Department of Obstetrics and Gynaecology, Nijmegen, The Netherlands.

50. Canada's Michael Smith Genome Sciences Centre, BC Cancer Agency, Vancouver, BC,
Canada.

51. Department of Biomedical Physiology and Kinesiology, Simon Fraser University,
Burnaby, BC Canada.

52. Memorial Sloan Kettering Cancer Center, Department of Epidemiology and Biostatistics,
New York, NY, USA.

53. Department of Health Research and Policy - Epidemiology, Stanford University School of
Medicine, Stanford CA, USA.

54. Division of Epidemiology and Biostatistics, Department of Internal Medicine, University
of New Mexico, Albuquerque, New Mexico, USA.

55. Cancer Control Research, BC Cancer Agency, Vancouver, BC, Canada.

56. Pathology and Laboratory Medicine, University of British Columbia, Vancouver BC,
Canada.

57. International Hereditary Cancer Center, Department of Genetics and Pathology,
Pomeranian Medical University, Szczecin, Poland.

58. Intitute of Nursing and Health Sciences, Medical Faculty, University of Rzeszdw, Poland.
59. The Centre for Cancer Genetic Epidemiology, Department of Oncology, University of
Cambridge, Cambridge, UK.

60. Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda MD,
USA.

61. M. Sklodowska-Curie Memorial Cancer Center, Warsaw, Poland.

62. Public Health Ontario, Toronto, ON, Canada.

63. Women's College Research Institute, University of Toronto, Toronto, Ontario, Canada.



64. Department of Cancer Epidemiology, Moffitt Cancer Center, Tampa, FL, USA.

65. Department of Epidemiology, University of California Irvine, Irvine, California, USA.
66. Center for Cancer Genetics Research & Prevention, School of Medicine, University of
California Irvine, Irvine, California, USA.

67. Faculty of Medicine, University of Southampton, Southampton, UK.

68. Department of Preventive Medicine, Keck School of Medicine, University of Southern
California Norris Comprehensive Cancer Center, Los Angeles, California, USA.,.

69. Women's Cancer, Institute for Women's Health, University College London, London,
United Kingdom.

70. Department of Preventive Medicine, Keck School of Medicine, University of Southern
California Norris Comprehensive Cancer Center, Los Angeles, California, USA.

71. Department of Pathology and Laboratory Diagnostics, the Maria Sklodowska-Curie
Memorial Cancer Center and Institute of Oncology, Warsaw, Poland.

72. Department of Obstetrics, Gynecology and Oncology, IInd Faculty of Medicine, Warsaw
Medical University and Brodnowski Hospital, Warsaw, Poland.

73. Department of Laboratory Medicine and Pathology, Division of Experimental Pathology,
Mayo Clinic, Rochester, MN, USA.

74. Department of Biostatistics, University of Kansas, Kansas City, Kansas, USA.

75. Department of Health Sciences Research, Division of Biomedical Statistics and
Informatics, Mayo Clinic, Rochester, MN, USA.

76. Rutgers Cancer Institute of New Jersey, New Brunswick, New Jersey, USA.

77. Departments of Pathology and Obstetrics & Gynecology, OHSU, Portland, OR, USA.
78. Department of Chronic Disease Epidemiology, Yale School of Public Health, New Haven,
Connecticut, USA.

79. Department of Health Science Research, Division of Epidemiology, Mayo Clinic,
Rochester, Minnesota, USA

80. Department of Community and Family Medicine, Duke University Medical Center,
Durham, North Carolina, USA.

81. Cancer Control and Population Sciences, Duke Cancer Institute, Durham, North Carolina,
USA.

82. Department of Epidemiology, University of Michigan School of Public Health, Ann
Arbor, Michigan, USA.

83. Duke Cancer Institute, Duke University Medical Center, Durham, North Carolina, USA.
84. The Centre for Cancer Genetic Epidemiology, Department of Public Health and Primary
Care, University of Cambridge, Cambridge, UK.

85. Molecular Epidemiology, QIMR Berghofer Medical Research Institute, 300 Herston
Road, Herston, QLD 4006, Australia.

86. Endometriosis CaRe Centre, Nuffield Dept of Obstetrics & Gynaecology, University of
Oxford, UK.

87. Genetics and Computational Biology Department, QIMR Berghofer Medical Research
Institute, 300 Herston Road, Herston, QLD 4006, Australia.

" To whom correspondence should be addressed at:

Associate Professor Stuart Macgregor

QIMR Berghofer Medical Research Institute, Locked Bag 2000, Herston, QLD 4029,
Australia. Tel: +61 738453563; Fax: +61 733620101,

Email: stuart.macgregor@qimrberghofer.edu.au



mailto:stuart.macgregor@qimrberghofer.edu.au

The International Endogene Consortium

Carl A. Anderson'?, Scott D. Gordon®, Qun Guo*, Anjali K. Henders®, Ann Lambert®, Sang Hong
Lee®, Peter Kraft’, Stephen H. Kennedy®, Stuart Macgregor®, Nicholas G. Martin®, Stacey A.
Missmer*, Grant W. Montgomery®, Andrew P. Morris', Dale R. Nyholt®, Jodie N. Painter®, Fenella
Roseman®, Susan A. Treloar®, Peter M. Visscher®, Leanne Wallace®, Krina T. Zondervan®®.

"Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, UK, ®Wellcome Trust
Sanger Institute, Wellcome Trust Genome Campus, Hinxton, UK, *Queensland Institute of Medical
Research, Herston, QLD, Australia, 4Brigham and Women's Hospital and Harvard Medical School,
Boston, MA, USA, °Nuffield Department of Obstetrics and Gynaecology, University of Oxford, John
Radcliffe Hospital, Oxford, UK, °Queensland Brain Institute, The University of Queensland, Brisbane,
QLD 4072, Australia, "Harvard School of Public Health, Boston, MA, USA, ®Centre for Military and
Veterans' Health, The University of Queensland, Mayne Medical School, QLD, Australia, *The
University of Queensland Diamantina Institute, Princess Alexandra Hospital, Brisbane, QLD 4102,
Australia.



Supplementary Table 1. Description of individual OCAC studies and case-control sample size.

N _invasive cases (by histotypes)*

Stud Stud
abbr)éviation Study name Iocat)ilon N_controls* Al erous Mucinous Endometrioid  ©1¢3"
invasive cell
AUS Australian Ovarian Cancer Study & Australian Australia 977 880 552 42 106 52
Cancer Study (Ovarian Cancer)
BAV Bavarian Ovarian Cancer Cases and Controls Germany 143 93 56 8 13 6
BEL Belgium Ovarian Cancer Study Belgium 1349 274 194 23 22 23
DOV Diseases of the Ovary and their Evaluation USA 1487 904 526 26 148 65
GER Germany Ovarian Cancer Study Germany 413 189 95 21 21 6
HAW Hawaii Ovarian Cancer Study USA 157 60 38 3 12 5
HJO Hannover-Jena Ovarian Cancer Study Germany 273 266 140 9 26 4
HMO Hannover-Minsk Ovarian Cancer Study Germany 138 142 50 7 12 1
HOC Helsinki Ovarian Cancer Study Finland 447 221 113 45 28 13
HOP Hormones and Ovarian Cancer Prediction USA 1464 654 377 30 84 42
MAL Danish Malignant Ovarian Tumor Study Denmark 828 440 272 42 54 33
MAY Mayo Clinic Ovarian Cancer Case Control Study USA 10 10 9 1 0
MCC Melbourne Collaborative Cohort Study Australia 66 63 34 7
MDA MD Anderson Ovarian Cancer Study USA 384 373 190 27 28
MSK Memorial Sloan Kettering Cancer Center USA 593 467 382 20 18
NCO North Carolina Ovarian Cancer Study USA 172 269 147 18 35 24
NEC New England Case-Control Study USA 980 634 371 41 140 33
NHS Nurses' Health Study I and Il USA 425 127 68 7 14 6
NJO New Jersey Ovarian Cancer Study USA 181 169 100 7 27 20
NOR University of Bergen, Haukeland University Norway 371 237 135 15 27 11
Hospital, Norway
NTH Nijmegen Ovarian Cancer Study Netherlands 323 255 116 33 64 20
OVA Ovarian Cancer in Alberta and British Columbia Canada 748 631 344 26 103 57




POC Polish Ovarian Cancer Study Poland 417 422 199 33 39 9

POL Polish Ovarian cancer Case Control Study (NCI) Poland 186 42 21 4 10 2

SEA UK Studies of Epidemiology and Risk Factors in UK 6023 300 173 43 29 28
Cancer Heredity (SEARCH) Ovarian Cancer Study

STA Family Registry for Ovarian Cancer AND Genetic ~ USA 313 251 154 16 32 20
Epidemiology of Ovarian Cancer

TOR Familial Ovarian Tumor Study Canada 74 21 8 1 7 2

UCl UC Irvine Ovarian Cancer Study USA 367 277 166 19 48 23

UKO UK Ovarian Cancer Population Study UK 1103 503 219 57 94 36

SOC Southampton Ovarian Cancer Study UK

uSsC Los Angeles County Case-Control Studies of USA 1047 689 447 44 79 35
Ovarian Cancer

WOC Warsaw Ovarian Cancer Study Poland 204 202 132 8 20 17

TOTAL 21663 10065 5828 662 1350 621

*: All the subjects are of European Ancestry.



Supplementary Table 2. Control-control contrast study using iCOGS controls.

Sample size array heritability

Ncase Ncont h%, (%) se (%)
Pseudo case-cont set 1 2694 2694 2.1 2.3
Pseudo case-cont set 2 2694 2694 0.4 2.4
Pseudo case-cont set 3 2694 2694 0.6 2.3
Pseudo case-cont set 4 2694 2805 2.8 24




Supplementary Table 3. Sensitivity checks using different genetic relatedness threshold and disease prevalence for ovarian cancer.

relatedness threshold N Case N Control Excluded N K h2q (%) s.e.(%)
all EOC 11738 21663
relatedness < 0.1 11677 21242 482 0.01 4.93 0.53
relatedness < 0.05 10868 19931 2602 0.01 4.98 0.56
all invasive
EOC 10065 21663
relatedness < 0.1 10014 21242 472 0.01 5.72 0.59
relatedness < 0.05 9316 19931 2481 0.01 5.83 0.63
relatedness < 0.05 9316 19931 2009 0.009 5.58 0.58

Relatedness threshold: cutoffs that were applied to select individuals with pair-wise genetic relatedness below certain values (here compare the results of 0.1
and 0.05); N_Case, N_Control, Excluded N: the case and control sample size in the analysis, and the numbers of samples that were excluded due to the
corresponding relatedness threshold; K: disease prevalence of ovarian cancer (we used lifetime risk of 0.1 and 0.009 for disease prevalence of all EOC and all
invasive EOC respectively). hzg: array heritability estimated using ovarian cancer iCOGS data, while adjusting for ten principal components and study sites
(the estimates with P<0.05 are in bold).



Supplementary Figure 1. Restricting the relatedness threshold at 0.1 between discovery and replication set using genetic risk prediction approach (no LD
clumping).
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The left figure showed the association (y-axis: -log;oP) of endometriosis (target) with genetic risk scores that were calculated from ovarian cancer histotypes
(discovery), while the right figure showed the association of ovarian cancer histotypes (target) with genetic risk scores calculated from endometriosis
(discovery). The colour coding denotes the P-value bins used to select SNPs from the discovery set. The dashed red line marks the significance threshold
(P=0.05). The genetic risk scores were calculated from all overlapping SNPs without LD clumping.
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Supplementary Figure 2. Restricting genetic risk scores calculated from SNPs with low LD (genetic relatedness threshold of 0.85 between discovery and
target sets)

Endometriosis as target Endometriosis as discovery (LD clumping)
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The left figure showed the association (y-axis: -log;oP) of endometriosis (target) with genetic risk scores that were calculated from ovarian cancer histotypes
(discovery), while the right figure showed the association of ovarian cancer subtypes (target) with genetic risk scores calculated from endometriosis
(discovery). The colour coding denotes the P-value bins used to select SNPs from the discovery set. The dashed red line marks the significance threshold
(P=0.05). The genetic risk scores were calculated from all overlapping SNPs after LD clumping (clumping threshold: LD r?=0.2 and distance of 1Mb with the
index SNP).
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Supplementary Figure 3. Negative control experiments using PGC data
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The left figure showed the association (y-axis: -log;oP) of endometriosis (‘Endo’, Australian set only) and invasive EOC with genetic risk scores that were
calculated from the PGC schizophrenia set (‘SCZ’), while the right figure showed the association of endometriosis (Australian set only) and invasive EOC
with genetic risk scores calculated from PGC bipolar disorder set (‘BIP’). The colour coding denotes the P-value bins used to select SNPs from the discovery
set. The dashed red line marks the significance threshold (P=0.05). The genetic risk scores were calculated from all overlapping SNPs without LD clumping.
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