
 

 

 

 

Supplementary information for: Identification of 23 new 

prostate cancer susceptibility loci using the iCOGS custom 

genotyping array. 



 

Supplementary Table 1: Number of cases and controls by study and population   

 

 

No 

 

Study 

Genotyped samples Samples included in final analysis 
(after QC and  

without samples genotyped in previous scans) 

European African/Mix Af 

Co Ca Total Co Ca Total Co Ca Total 
1 CAPS 677 1,197 1,874 271 408 679    

2 CPCS1 2,777 872 3,649 2,657 841 3,498    

3 CPCS2 798 306 1,104 762 255 1,017    

4 EPIC Germany
1
 302 244 546 302 228 530    

5 EPIC Greece
1
 23 25 48 23 25 48    

6 EPIC Italy
1
 97 70 167 97 69 166    

7 EPIC Netherlands
1
 20 17 37 18 17 35    

8 EPIC-Norfolk
 

1,136 528 1,664 1,111 511 1,622    

9 EPIC Oxford
 1
 51 34 85 51 32 83    

10 EPIC Spain
1 

107 97 204 105 94 199    

11 EPIC Sweden
1
 299 231 530 289 219 508    

12 ESTHER 334 322 656 318 313 631    

13 FHCRC 707 683 1,390 637 604 1,241 51 57 108 

14 IPO-Porto 88 187 275 66 183 249    

15 MAYO 391 614 1,005 384 601 985    

16 MCCS
 2
 1,233 389 1,622 1,180 359 1,539    

17 MEC 895 890 1,785 597 586 1,183    

18 MOFFITT 138 490 628 100 414 514 30 41 71 

19 PCFS
 2
 13 1,409 1,422 3 1,326 1,329    

20 PCMUS 145 152 297 140 151 291    

21 Poland 472 453 925 359 438 797    

22 ProMPT 2 187 189 2 166 168    

23 ProtecT 1,498 1,624 3,122 1,474 1,563 3,037    

24 QLD 94 187 281 87 186 273    

25 SCCS 510 545 1,055 0 0 0 488 525 1,013 

26 SEARCH 1,290 1,468 2,758 1,244 1,371 2,615    

27 STHM1 2,330 2,056 4,386 2,224 2,006 4,230    

28 TAMPERE 2,769 2,836 5,605 2,413 2,754 5,167    

29 UKGPCS 4,314 4,900 9,214 2,193 2,859 5,052    

30 ULM 506 609 1,115 354 603 957    

31 UTAH 256 454 710 254 440 694    

32 WUGS 0 998 998 0 0 0    

 Total 24,272 25,074 49,346 19,715 19,622 39,337 569 623 1,192 
1 
Subsets from the international EPIC study

  
2 
Studies from the Melbourne group 

Co =Controls 

Ca= Cases 



  

 

Supplementary Table 2: Disease-specific odds ratios for Indolent and Aggressive disease 

each versus controls and case only analysis (Indolent vs.Aggressive) using samples with 

Europeans ancestry. 

 
Marker Indolent Aggressive Case only analysis P-value 

rs1218582 1.06 (1.03-1.09) 1.08 (1.02-1.14) 1.01 (.96-1.08) .55 

rs4245739 .91 (.88-.95) .91 (.85-.97) 1.00 (.98-1.29) .97 

rs11902236 1.07 (1.03-1.11) 1.06 (.99-1.13) .99 (.93-1.05) .69 

rs3771570 1.14 (1.09-1.19) 1.02 (.95-1.10) .90 (.83-.97) .007 

rs7611694 .90 (.87-.93) .94 (.89-.99) 1.05 (.99-1.11) .12 

rs1894292 .92 (.89-.95) .90 (.85-.95) .99 (.93-1.04) .65 

rs6869841 1.08 (1.04-1.12) 1.04 (.97-1.12) .96 (.90-1.03) .26 

rs3096702 1.08 (1.04-1.11) 1.05 (.99-1.11) .98 (.92-1.03) .41 

rs2273669 1.08 (1.04-1.13) .99 (.92-1.08) .90 (.83-.97) .01 

rs1933488 .89 (.86-.91) .91 (.86-.96) 1.03 (.97-1.09) .30 

rs12155172 1.10 (1.06-1.14) 1.16 (1.09-1.24) 1.04 (.97-1.11) .27 

rs11135910 1.11 (1.06-1.16) 1.10 (1.02-1.19) 1.01 (.93-1.09) .82 

rs3850699 .91 (.88-.94) .94 (.88-1.00) 1.02 (.96-1.09) .43 

rs11568818 .91 (.88-.94) .92 (.87-.97) 1.01 (.96-1.07) .62 

rs1270884 1.07 (1.04-1.11) 1.02 (.97-1.08) .94 (.89-.99) .03 

rs8008270 .89 (.86-.93) .89 (.83-.96) 1.01 (.94-1.09) .71 

rs7141529 1.08 (1.05-1.12) 1.11 (1.05-1.17) 1.03 (.97-1.09) .31 

rs684232 1.10 (1.07-1.14) 1.10 (1.04-1.16) .99 (.93-1.05) .73 

rs11650494 1.14 (1.08-1.21) 1.20 (1.08-1.33) 1.04 (.94-1.16) .41 

rs7241993 .92 (.89-.95) .92 (.87-.98) .99 (.93-1.06) .79 

rs2427345 .93 (.90-.96) .97 (.91-1.02) 1.05 (.99-1.11) .11 

rs6062509 .90 (.87-.93) .85 (.80-.90) .94 (.89-1.00) .07 

rs2405942 .89 (.84-.94) .82 (.74-.90) .92 (.83-1.02) .10 

P trend for difference in the per-allele OR (see methods). 

 

 

 

 

 



Supplementary Table 3: Geometric mean PSA levels by genotype in controls (Samples with 

European ancestry) 

 
Marker Geometric mean PSA (95%CI) P-value

1 
rs1218582 

 

AA AG GG .64 

1.95 (1.85-2.05) 1.93 (1.85-2.01) 2.08 (1.93-2.24) 

rs4245739 

 

AA AC CC .49 

1.97 (1.89-2.05) 1.95 (1.85-2.04) 2.05 (1.82-2.27) 

rs11902236 

 

GG GA AA .89 

1.95 (1.87-2.02) 2.00 (1.90-2.11) 1.91 (1.70-2.11) 

rs3771570 

 

GG GA AA .98 

1.98 (1.91-2.05) 1.95 (1.84-2.06) 1.73 (1.42-2.04) 

rs7611694 

 

AA AC CC .23 

1.95 (1.86-2.05) 2.00 (1.91-2.09) 1.90 (1.77-2.04) 

rs1894292 

 

GG GA AA .70 

1.93 (1.81-2.04) 1.98 (1.90-2.06) 1.99 (1.86-2.12) 

rs6869841 

 

GG GA AA .0001 

1.90 (1.83-1.98) 2.03 (1.93-2.13) 2.36 (2.05-2.68) 

rs3096702 

 

GG GA AA .26 

1.92 (1.83-2.01) 1.96 (1.87-2.04) 2.13 (1.95-2.32) 

rs2273669 

 

AA AG GG .87 

1.97 (1.91-2.05) 1.93 (1.81-2.04) 2.00 (1.57-2.42) 

rs1933488 

 

AA AG GG .12 

1.97 (1.88-2.07) 2.00 (1.91-2.09) 1.86 (1.71-2.00) 

rs12155172 

 

GG GA AA .10 

1.92 (1.84-1.99) 2.05 (1.94-2.16) 2.01 (1.75-2.26) 

rs11135910 

 

GG GA AA .84 

1.94 (1.87-2.01) 2.02 (1.90-2.13) 2.11 (1.34-2.88) 

rs3850699 

 

AA AG GG .39 

1.97 (1.88-2.05) 1.96 (1.87-2.04) 2.02 (1.82-2.22) 

rs11568818 

 

AA AG GG .08 

1.95 (1.84-2.07) 1.93 (1.85-2.01) 2.06 (1.93-2.19) 

rs1270884 

 

GG GA AA .02 

1.88 (1.76-2.00) 1.97 (1.89-2.05) 2.05 (1.92-2.17) 

rs8008270 

 

GG GA AA .07 

2.01 (1.93-2.08) 1.87 (1.77-1.97) 2.05 (1.69-2.42) 

rs7141529 

 

AA AG GG .36 

2.05 (1.92-2.18) 1.95 (1.87-2.03) 1.91 (1.80-2.03) 

rs684232 

 

AA AG GG .43 

1.98 (1.89-2.08) 1.96 (1.88-2.05) 1.92 (1.76-2.09) 

rs11650494 GG GA AA .77 

1.97 (1.91-2.04) 1.91 (1.76-2.06) 2.19 (1.52-2.86) 

rs7241993 

 

GG GA AA .66 

2.00 (1.91-2.08) 1.90 (1.81-2.00) 2.07 (1.87-2.26) 

rs2427345 

 

GG GA AA .48 

2.03 (1.93-2.14) 1.91 (1.83-1.99) 1.97 (1.82-2.13) 

rs6062509 

 

AA AC CC .35 

1.99 (1.90-2.08) 1.95 (1.86-2.04) 1.91 (1.73-2.09) 

rs2405942 

 

AA AG GG .60 

1.98 (1.91-2.05) NA 1.91 (1.79-2.03) 
1
 Test for trend in log (PSA) by allele dose. 

 

 

 

 

 

 

 



 

Supplementary Table 4: Family history-specific odds ratios (Samples with European 

ancestry) 
 

Marker No Family history With Family history Ptrend
1 

rs1218582 1.06 (1.03-1.09) 1.05 (.99-1.11) .81 

rs4245739 .91 (.88-.94) .95 (.89-1.02) .42 

rs11902236 1.07 (1.03-1.10) 1.08 (1.01-1.15) .85 

rs3771570 1.11 (1.06-1.16) 1.19 (1.10-1.29) .04 

rs7611694 .90 (.88-.93) .92 (.86-.98) .46 

rs1894292 .92 (.89-.94) .89 (.84-.95) .30 

rs6869841 1.07 (1.03-1.11) 1.10 (1.02-1.18) .86 

rs3096702 1.07 (1.04-1.11) 1.03 (.97-1.10) .56 

rs2273669 1.06 (1.02-1.11) 1.12 (1.03-1.22) .18 

rs1933488 .89 (.87-.92) .87 (.81-.92) .80 

rs12155172 1.10 (1.07-1.14) 1.12 (1.05-1.21) .30 

rs11135910 1.10 (1.05-1.14) 1.17 (1.08-1.27) .03 

rs3850699 .92 (.89-.95) .86 (.80-.92) .07 

rs11568818 .91 (.88-.94) .90 (.85-.96) .85 

rs1270884 1.07 (1.03-1.10) 1.08 (1.01-1.15) .95 

rs8008270 .89 (.86-.93) .91 (.84-.98) .93 

rs7141529 1.09 (1.05-1.12) 1.10 (1.03-1.16) .93 

rs684232 1.10 (1.06-1.13) 1.14 (1.07-1.22) .23 

rs11650494 1.14 (1.08-1.21) 1.17 (1.05-1.30) .17 

rs7241993 .92 (.89-.95) .93 (.87-.99) .88 

rs2427345 .93 (.90-.96) .99 (.93-1.05) .26 

rs6062509 .89 (.86-.92) .88 (.82-.94) .86 

rs2405942 .88 (.84-.93) .85 (.76-.95) .52 

 
1
P for difference in the per-allele OR (see methods). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Table 5: Age-specific odds ratios for each SNP (Samples with European 

ancestry)  
 

Marker Age at diagnosis (years) Ptrend
1
 

<55 55-59 60-64 65-69 70+ 

rs1218582 1.05 (.99-1.13) 1.07 (1.02-1.13) 1.07 (1.02-1.12) 1.08 (1.03-1.13) 1.04 (.99-1.09) .46 

rs4245739 .90 (.84-.98) .91 (.85-.96) .92 (.87-.98) .94 (.89-.99) .90 (.85-.95) .54 

rs11902236 1.11 (1.03-1.19) 1.05 (.99-1.12) 1.03 (.98-1.09) 1.06 (1.01-1.12) 1.11 (1.06-1.18) .07 

rs3771570 1.20 (1.10-1.32) 1.12 (1.04-1.20) 1.08 (1.01-1.16) 1.14 (1.07-1.22) 1.09 (1.02-1.17) .05 

rs7611694 .85 (.79-.91) .89 (.85-.94) .92 (.88-.96) .90 (.86-.94) .94 (.90-.99) .02 

rs1894292 .90 (.84-.97) .92 (.87-.97) .89 (.85-.93) .92 (.88-.97) .93 (.88-.97) .32 

rs6869841 1.18 (1.09-1.28) 1.09 (1.02-1.16) 1.11 (1.05-1.18) 1.04 (.98-1.10) 1.03 (.97-1.09) .01 

rs3096702 1.10 (1.02-1.18) 1.12 (1.06-1.18) 1.06 (1.01-1.12) 1.07 (1.02-1.12) 1.02 (.97-1.07) .005 

rs2273669 1.01 (.92-1.12) 1.12 (1.05-1.21) 1.06 (.99-1.13) 1.06 (.99-1.13) 1.09 (1.01-1.16) .73 

rs1933488 .86 (.80-.92) .89 (.85-.94) .88 (.83-.92) .90 (.85-.94) .89 (.85-.93) .70 

rs12155172 1.12 (1.04-1.21) 1.11 (1.04-1.18) 1.07 (1.01-1.13) 1.11 (1.05-1.17) 1.13 (1.07-1.20) .53 

rs11135910 1.12 (1.02-1.22) 1.12 (1.04-1.21) 1.11 (1.04-1.19) 1.12 (1.05-1.20) 1.06 (.99-1.13) .37 

rs3850699 .88 (.82-.95) .93 (.87-.98) .91 (.86-.96) .90 (.86-.95) .93 (.88-.98) .63 

rs11568818 .92 (.86-.99) .94 (.89-.99) .87 (.83-.91) .91 (.87-.95) .93 (.89-.98) .85 

rs1270884 1.08 (1.01-1.16) 1.08 (1.02-1.14) 1.07 (1.02-1.12) 1.08 (1.03-1.13) 1.05 (1.00-1.10) .45 

rs8008270 .84 (.77-.92) .88 (.82-.94) .90 (.84-.96) .93 (.88-.99) .88 (.83-.94) .14 

rs7141529 1.08 (1.01-1.16) 1.09 (1.03-1.15) 1.11 (1.06-1.17) 1.08 (1.03-1.13) 1.07 (1.02-1.12) .65 

rs684232 1.21 (1.13-1.29) 1.16 (1.10-1.23) 1.07 (1.02-1.13) 1.08 (1.03-1.14) 1.06 (1.01-1.12) .0002 

rs11650494 1.20 (1.07-1.35) 1.08 (.98-1.19) 1.19 (1.10-1.30) 1.12 (1.03-1.22) 1.14 (1.05-1.25) .12 

rs7241993 .88 (.83-.96) .87 (.82-.93) .94 (.89-.99) .93 (.89-.98) .95 (.90-1.00) .02 

rs2427345 .93 (.87-1.00) .91 (.86-.96) .95 (.90-.99) .96 (.92-1.01) .92 (.88-.97) .09 

rs6062509 .86 (.80-.93) .85 (.81-.91) .89 (.85-.94) .90 (.85-.95) .91 (.86-.95) .12 

rs2405942 .83 (.74-.94) .82 (.75-.90) .89 (.82-.97) .88 (.81-.96) .93 (.86-1.01) .89 
1 
1df trend test for trend in OR by age, using case only analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 6. Genes in flanking regions of 23 novel tagSNPs 

 

# Chr tagSNP Genes in Intersection.  LD R-squared 0.2 or 250KB flank.  Additional genes in 1MB Flank 

1 chr1 rs1218582 

ADAM15, ADAR, CKS1B, DCST1, DCST2, DPM3, EFNA1, EFNA3, 

EFNA4, FLAD1, KCNN3, LENEP, LOC10050, LOC100505666, 

MIR4258, PBXIP1, PMVK, PYGO2, SHC1, SLC50A1, ZBTB7B,  

ASH1L, CHRNB2, CLK2, FAM189B, FDPS, GBA, GBAP1, HCN3, 

IL6R, IL6R, KRTCAP2, MIR555, MIR92B, MTX1, MUC1, PKLR, 

RUSC1, RUSC1-AS1, SCAMP3, SHE, TDRD10, THBS3, TRIM46, 

UBE2Q1,  

2 chr1 rs4245739 LOC127841, LRRN2, MDM4, PIK3C2B, PLEKHA6, PPP1R15B,  CNTN2, ETNK2, GOLT1A, KISS1, NFASC, NFASC, REN, SOX13,  

3 chr2 rs11902236 C2orf48, CYS1, GRHL1, KLF11, MIR4261, RRM2, TAF1B,  ADAM17, HPCAL1, IAH1, ODC1, SNORA80B, YWHAQ,  

4 chr2 rs3771570 
ANO7, ATG4B, BOK, BOK-AS1, DTYMK, FARP2, HDLBP, SEP2, 

STK25, THAP4,  

CXXC11, D2HGDH, GAL3ST2, ING5, LOC200772, MTERFD2, NEU4, 

PASK, PASK, PDCD1, PPP1R7, SEPT2, SNED1, THAP4,  

5 chr3 rs7611694 
ATP6V1A, BOC, KIAA2018, MIR4446, NAA50, SIDT1, SPICE1, 

WDR52, WDR52-AS, WDR52-AS1,  
GRAMD1C, GRAMD1C, KIAA1407, QTRTD1, WDR52, ZDHHC23,  

6 chr4 rs1894292 
AFM, AFP, ALB, ANKRD17, COX18, LOC72804, LOC728040, 

RASSF6,  
CXCL1, CXCL6, IL8, PF4, PF4V1,  

7 chr5 rs6869841 BOD1, LOC285593, STC2,  
ATP6V0E1, BNIP1, C5orf47, CPEB4, CREBRF, CREBRF, NKX2-5, 

SNORA74B,  

8 chr6 rs1933488 FBXO5, MTRF1L, RGS17,  MYCT1, SYNE1, VIP,  

9 chr6 rs2273669 
ARMC2, CEP57L1, FOXO3, LACE1, LINC0022, LINC00222, 

SESN1,  
CCDC162P, CD164, MICAL1, PPIL6, SESN1, SMPD2, ZBTB24,  

10 chr6 rs3096702 

AGER, AGPAT1, ATF6B, BTNL2, C2, C4A, C4B, C6orf10, CFB, 

CYP21A1P, CYP21A2, DOM3Z, EGFL8, FKBPL, GPSM3, 

HCG23, HLA-DQA1, HLA-DQB1, HLA-DRA, HLA-DRB1, HLA-

DRB5, HLA-DRB6, LOC10029, LOC100293534, LOC10050, 

LOC100507547, MIR1236, NOTCH4, PBX2, PPT2, PPT2-EGF, 

PPT2-EGFL8, PRRT1, RDBP, RNF5, RNF5P1, SKIV2L, STK19, 

TNXA, TNXB,  

C2, C4A, C4B, C6orf25, C6orf48, CLIC1, DDAH2, EHMT2, HSPA1A, 

HSPA1B, HSPA1L, LOC100293534, LSM2, MSH5, MSH5-

SAPCD1, NEU1, SAPCD1, SLC44A4, SNORD48, SNORD52, 

STK19, VARS, VWA7, ZBTB12,  

11 chr7 rs12155172 ABCB5, RPL23P8, SP8,  ABCB5, SP4,  

12 chr8 rs11135910 EBF2,  BNIP3L, DPYSL2, PNMA2, PPP2R2A,  



13 chr10 rs3850699 

ACTR1A, ARL3, AS3MT, C10orf32, C10orf32-AS3MT, C10orf95, 

CNNM2, CUEDC2, CYP17A1, FBXL15, LOC100505761, 

MIR146B, PSD, SFXN2, SUFU, TMEM180, TRIM8, WBP1L,  

C10orf26, CNNM2, ELOVL3, GBF1, NFKB2, NOLC1, NT5C2, PITX3,  

14 chr11 rs11568818 
BIRC2, BIRC3, MMP10, MMP20, MMP27, MMP7, MMP8, 

TMEM123, YAP1,  
C11orf70, LOC100288077, MMP1, MMP12, MMP13, MMP3,  

15 chr12 rs1270884 LOC255480, TBX5,  RBM19, TBX3,  

16 chr14 rs7141529 ACTN1, RAD51B, ZFP36L1,  DCAF5,  

17 chr14 rs8008270 
DDHD1, ERO1L, FERMT2, GNPNAT1, GPR137C, PSMC6, STYX, 

TXNDC16,  
- 

18 chr17 rs11650494 
ZNF652, ABI3, B4GALNT2, FLJ40194, GNGT2, IGF2BP1, NGFR, 

PHB, PHOSPHO1,  

ATP5G1, CALCOCO2, FAM117A, GIP, NXPH3, SLC35B1, SNF8, 

SPOP, TTLL6, UBE2Z, HOXB13, PRAC, 

19 chr17 rs684232 DBIL5P, FAM57A, GEMIN4, GLOD4, NXN, RNMTL1, VPS53,  
ABR, ABR, C17orf97, FAM101B, LOC100506388, MIR3183, 

RPH3AL, TIMM22,  

20 chr18 rs7241993 ATP9B, SALL3,  NFATC1,  

21 chr20 rs2427345 

ADRM1, C20orf15, C20orf151, C20orf166, C20orf166-AS1, 

CABLES2, GATA5, GTPBP5, HRH3, LAMA5, MIR1-1, 

MIR133A2, MIR4758, OSBPL2, RPS21,  

C20orf20, CDH4, COL9A3, DPH3P1, LOC100127888, 

LOC100652730, LSM14B, MIR1257, NTSR1, OGFR, PSMA7, 

SLCO4A1, SS18L1, TAF4, TCFL5,  

22 chr20 rs6062509 

ABHD16B, ARFRP1, C20orf195, DNAJC5, EEF1A2, GMEB2, 

LIME1, LOC100505815, MIR1914, MIR647, MIR941-1, 

MIR941-2, MIR941-3, MIR941-4, PPDPF, PRIC285, PRPF6, 

PTK6, RTEL1, RTEL1-TN, RTEL1-TNFRSF6B, SAMD10, 

SLC2A4RG, SRMS, STMN3, TNFRSF6B, TPD52L2, UCKL1, 

UCKL1-AS1, ZBTB46, ZGPAT, ZNF512B,  

ARFGAP1, BIRC7, C20orf201, CHRNA4, COL20A1, FLJ16779, 

KCNQ2, LINC00176, MIR3196, MIR4326, MIR941-2, MIR941-2, 

MIR941-2, MIR941-3, MIR941-3, MIR941-4, MIR941-4, MYT1, 

NKAIN4, NPBWR2, OPRL1, OPRL1, RGS19, SOX18, TCEA2,  

23 chrX rs2405942 GPR143, LOC100288814, SHROOM2, TBL1X, WWC3,  CLCN4,  

 
Regions were defined by either  SNPs r2<0.2 or a 500kb window, using whichever boundary was the furthest. For pathway analysis we also used the genes from a 1 Mb 

window. 

 



 

Supplementary Table 7 

 

HOXB13 hits (rs138213197, rs11650494) 

 

 

Analysis performed in subset of CAPS comprising 1927 cases and 987 controls. Markers 

explored under a dominant genetic model in logistic regression analysis. 

 

Correlation: r
2
=0.001, D’=0.056 

 

Association:  

    Univariate Mutually adjusted 

Marker Alleles MA MAF OR (95% CI) P value OR (95% CI) P value 
rs138213197 C/T C 0.017 2.77 (1.59 to 

4.84) 
0.00034 2.75 (1.57 to 

4.80) 
0.00038 

rs11650494 G/A A 0.062 1.28 (1.00 to 

1.64) 
0.046 1.28 (1.00 to 

1.65) 
0.048 

 

MA minor allele 

MAF minor allele frequency 

 

The University of Michigan recently completed a GWAS for 931 men of European descent 

diagnosed with PrCa prior to age 56 years.  Twenty-three of the affected men were determined to 

carry the HOXB13 G84E mutation, all on the same founder haplotype; rs11650494 was not 

directly genotyped. Genotype imputation was performed, using MACH, resulting in predicted 

high-quality genotype scores at rs11650494 (r
2
=0.97) and a proxy genotyped SNP rs7216993 (r

2
 = 

0.83 with rs11650494 based on 1000 Genomes) was identified.  Twenty-two of the 23 G84E 

carriers were homozygous for the common non-risk allele at rs11950494 (unambiguously 

predicted based on imputation) and rs7216993 (Lange and Cooney; personal communication). 

These findings indicate that the association of rs11650494 with PrCa is not due to confounding 

with HOXB13 G84E and that multiple PrCa susceptibility variants in the HOXB13 region may 

exist, conferring different risks. 

 



 

Supplementary Table 8:  

Relative Risk Estimation Using 68 known PrCa susceptibility loci* 

 

Percentiles RR
 

RR 

< 1% 1       (baseline) 0.16 (.11-.24) 

1-10% 2.15 (1.43-3.23) 0.35 (.32-.39) 

10-25% 3.31 (2.22-4.94) 0.54 (.50-.58) 

25-75% 6.10 (4.11-9.07) 1      (baseline) 

75-90% 10.35 (6.95-15.42) 1.70 (1.60-1.80) 

90-99% 16.14 (10.83-24.07) 2.64 (2.48-2.82) 

>= 99%  26.88 (17.54-41.20) 4.40 (3.74-5.19) 

 
* PRACTICAL European samples in iCOGS were used for risk estimation and for 9 out of 68 SNPs, 

a proxy with r2 greater than 0.76 was used.  
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Supplementary Figure 2 - Forest plots showing the point 
estimates and 95% CI in each study for each of the 23 new loci. 
The size of the square reflects the size of the study. 
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Supplementary Figure 3 (19 SNAP plots)   
 
Regional plots of the 19 associated SNPs detailed in Table 1 excluding those 
shown in Figure 3. Plots show the genomic regions associated with PrCa and –
log10 association P values of SNPs. Also shown are the SNP build 36/hg18 
coordinates in kilobases, recombination rates and genes in the region. The 
intensity of red shading indicates the strength of LD (r2) with the index SNP.  Plots 
drawn using locus zoom command line options (University of Michigan) 

http://csg.sph.umich.edu/locuszoom/  
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Supplementary Figure 4 - Cluster plots for each of the 23 new loci in iCOGS



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 



SUPPLEMENTARY NOTE 

 

Description of four GWAS and the PRACTICAL Consortium groups 

All studies were approved by the appropriate ethics committees and informed consent was 

obtained. A list of the groups is in Supplementary Table 1.  

 

Combined GWAS  

 

Stages 1 & 2 UK: 

 

A GWAS based on genotyping of 541,129 SNPs in 1,854 individuals with clinically detected (non 

PSA-screened) prostate cancer (cases) and 1,894 controls. 43,671 SNPs showing strong evidence 

of association in stage 1 were followed up by genotyping a further 3,268 cases and 3,366 controls 

from UK and Melbourne in stage21, 2 . 

  

 

BPC3: 

 

Breast and Prostate Cancer Cohort Consortium (BPC3), is an NCI sponsored study combining 10 

large prospective cohorts with biospecimens to conduct research on gene, environmental, and 

gene-environment effects in breast and prostate cancer etiology 

(http://epi.grants.cancer.gov/BPC3/).  An advanced prostate cancer GWAS, where cases were 

defined as either a Gleason score ≥8 or tumor stage ≥C, was undertaken across 7 cohorts using 

the Illumina 610K SNP array for the majority of subjects. In total 2,473 advanced prostate cancer 

cases and 3,534 controls were included in the analysis following QC3.  

 

CAPS: 

 

Cancer of the Prostate in Sweden (CAPS), a population-based prostate cancer case-control study 

with 3,030 cases and 1,960 controls who donated blood samples during 2001-2003 

(http://ki.se/ki/jsp/polopoly.jsp?d=13809&a=29862&l=en). 

 

CGEMS: 

 

Cancer Genetic Markers of Susceptibility (CGEMS; http://www.cgems.cancer.gov/) is a GWAS 

consisting of 1,117 prostate cancer cases and 1,105 controls of European ancestry nested in the 



Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial.  Cases were 

oversampled for aggressive prostate cancer (Stage 3 or 4 or Gleason ≥ 7)4. 

 

 

Groups with samples genotyped using iCOGs 

 

CAPS 

The study population has been described in detail elsewhere5. Briefly, we identified and recruited 

biopsy confirmed prostate cancer cases from four out of six regional cancer registries in Sweden, 

diagnosed between July 2001 and October 2003. Clinical data including TNM stage, Gleason 

grade and PSA levels at time for diagnosis were retrieved through record linkage to the National 

Prostate Cancer Registry. Control subjects, who were recruited concurrently with case subjects, 

were randomly selected from the Swedish Population Registry and matched according to the 

expected age distribution of cases (groups of 5-year intervals) and geographic region. Whole blood 

was collected from all individuals for extraction of genomic DNA. 

 

CPCS1+2:  

The CPCS (Copenhagen Prostate Cancer Study) 1 + 2, Copenhagen, Denmark 

The Copenhagen Prostate Cancer Study 1 included 872 unselected patients recruited with 

prostate cancer between 2008-2011 from Herlev Hospital, Copenhagen University Hospital, 

Herlev, Denmark. The Copenhagen Prostate Cancer Study 2 included 306 unselected patients 

with prostate cancer recruited in 2010-2011 from Rigshospitalet, Copenhagen University Hospital, 

Copenhagen, Denmark. PSA is not routinely screened for in Denmark, and cases are therefore 

mainly clinically detected. Controls were 2,777 (CPCS1) and 798 (CPCS2) prostate cancer free 

men from the general population, whom participated in the Copenhagen City Heart Study. 

Diagnosis of prostate cancer was confirmed by fully trained pathologists. All participants were 

white and of Danish descent. Participants filled out questionnaires, gave blood samples for DNA 

extraction and gave written informed consent.  

 

EPIC: European Prospective Investigation into Cancer and Nutrition 

The European Prospective Investigation into Cancer and Nutrition (EPIC) is a prospective study 

designed to investigate both genetic and non-genetic risk factors for different forms of cancer.  

Study participants were almost all white Europeans. Approximately 500,000 individuals (150,000 

men) in EPIC were recruited between 1992 and 2000, from 23 centres in 10 European countries.   

Overall approximately 400,000 subjects also provided a blood sample at recruitment.  The 

methods of recruitment and details of the study design are described in detail elsewhere6.   



 In brief, study participants completed an extensive questionnaire on both dietary and nondietary 

data at recruitment.  The present study includes 1673 prostate cancer cases matched to 2153 

controls based on study center, length of follow-up, age at enrollment (±6 months), fasting and time 

of day of blood collection (±1 hour).  The prostate cancer subjects were from 8 of the 10 

participating countries:  Denmark, Germany, Greece, Italy, the Netherlands, Spain, Sweden and 

the United Kingdom (UK).  France and Norway were not included in the current study because 

these cohorts only included female subjects.  All participants gave written consent for the research 

and approval for the study was obtained from the ethical review board from all local institutions in 

the regions where participants had been recruited for the EPIC study. 

 

ESTHER 

In the ESTHER study, patients with a first diagnosis of prostate cancer at age 50-75 years were 

recruited in hospitals and medical practices in Saarland, a state located in southwest Germany, 

from 2001 to 2003. Controls were selected from participants of a general health-check up within 

the same age range (and frequency matched to the cases by 5-year age groups) who were 

recruited in general practices in Saarland in 2000-2002. Cases and controls who were almost 

exclusively of European descent, filled out a detailed standardized questionnaire on life time 

history of potential risk factors and had a blood sample taken, and medical data were extracted 

from medical records.  

 

FHCRC:  Fred Hutchinson Cancer Research Center, Seattle US 

The study population consists of participants from two population-based case-control studies in 

Caucasian and African American residents of King County, Washington (Study I and Study II), 

which have been previously described7. Incident cases with histologically confirmed prostate 

cancer were ascertained from the Seattle-Puget Sound Surveillance, Epidemiology and End 

Results cancer registry. In Study I, cases were diagnosed between January 1, 1993, and 

December 31, 1996 and were 40-64 years of age at diagnosis.  In Study II, cases were diagnosed 

between January 1, 2002, and December 31, 2005 and were 35-74 years of age at diagnosis.  

Overall, 2,244 eligible prostate cancer patients were identified and 1,754 (78%) were interviewed.  

Blood samples yielding sufficient DNA for genotyping were drawn from 1,457 (83%) cases who 

completed the study interview.  A comparison group of controls without a history of prostate 

cancer, residing in King County, Washington, was identified for each study using random digit 

telephone dialling.  Controls were frequency-matched to cases by five-year age groups and 

recruited evenly throughout each ascertainment period for cases.  A total of 2,448 men were 

identified who met the eligibility criteria and 1,645 (67%) completed a study interview.  Blood 

samples were drawn and DNA prepared from 1,352 (82%) interviewed controls.  

 



IPO-Porto, Porto, Portugal 

The IPO-Porto prostate cancer study includes patients with clinically localized prostate 

adenocarcinoma consecutively diagnosed and treated with open radical prostatectomy at the 

Portuguese Oncology Institute – Porto, Portugal, since 1999. The project involves sample 

collection of peripheral blood, urine and fresh-frozen tumour tissue. Relevant clinical data, namely 

Gleason grading, clinico-pathological staging and PSA level at diagnosis, are obtained from 

medical records. After QC 183 cases and 66 controls of European ancestry were analysed.  

 

MAYO, Rochester, Minnesota, US 

The Mayo Clinic study consisted of clinic-based cases, including 476 affected men from 185 

families with prostate cancer, 445 men with sporadic prostate cancer, 199 with aggressive 

(Gleason score > 7) prostate cancer, and 500 population-based controls. The controls (all males) 

were randomly selected from a sampling frame of Olmsted County, Minnesota, provided by the 

Rochester Epidemiology Project. The methods used to ascertain familial and sporadic prostate 

cancer patients, as well as controls, have been described previously8. All individuals from the Mayo 

Clinic study included in this report were of self-reported European descent.  

 

Cancer Council Victoria Prostate Cancer Program, Melbourne  

The Cancer Council Victoria’s Prostate Cancer Program includes three studies: the Melbourne 

Collaborative Cohort Study (MCCS) and the prostate Cancer Family Study (PCFS). Cases and 

controls (and informative families) from these studies have been used for several stages of this 

research effort, beginning with the UK and Melbourne stage 2 GWAS. 

The MCCS is a prospective cohort study that includes 17,154 men who were aged 40 and 69 

years when recruited between 1990 and 1994. MCCS participants are regularly linked to the 

Victorian Cancer Registry and the Australian Cancer Database to ascertain incident cases (1582 

by end of 2008) including men diagnosed in other states of Australia. A random sample of MCCS 

participants who were not diagnosed with prostate cancer during follow-up provides a control 

group. 

The PCFS is a population-based family series of 1428 men diagnosed with prostate cancer before 

the age of 56 years and 256 men diagnosed after the age of 55 years who were recruited in 

Victoria between 1998 and 2010. Cases were ascertained using the population-based Victorian 

Cancer Registry, and family members were approached after gaining the consent of each case. 

Altogether, 77% of cases agreed to participate.  

 

MEC: Multiethnic Cohort 

The Multiethnic Cohort Study is a population-based prospective cohort study that was initiated 

between 1993 and 1996 and includes subjects from various ethnic groups -African-Americans and 



Latinos primarily from California (mainly Los Angeles) and Native Hawaiians, Japanese-

Americans, and European Americans primarily from Hawaii. State drivers’ license files were the 

primary sources used to identify study subjects in Hawaii and California. Additionally, in Hawaii, 

state voter's registration files were used, and, in California, Health Care Financing Administration 

(HCFA) files were used to identify additional African American men. All participants (n=215,251) 

returned a 26-page self-administered baseline questionnaire that obtained general demographic, 

medical and risk factor information. In the cohort, incident cancer cases are identified annually 

through cohort linkage to population-based cancer Surveillance, Epidemiology, and End Results 

(SEER) registries in Hawaii and Los Angeles County as well as to the California State cancer 

registry. Information on stage and grade of disease are also obtained through the SEER registries. 

Blood sample collection in the MEC began in 1994 and targeted incident prostate cancer cases 

and a random sample of study participants to serve as controls for genetic analyses. This nested 

prostate cancer case-control study in the MEC consists of 890 invasive prostate cancer cases and 

895 controls. This study was approved by the Institutional Review Boards at the University of 

Southern California and at the University of Hawaii and informed consent was obtained from all 

study participants. 

 

MOFFITT: Moffitt Study, Tampa, Florida, US 

This is a hospital-based incident study of 638 patients with primary adenocarcinoma of the 

prostate. They were recruited from 2002 to 2009 at the H. Lee Moffitt Cancer Center (Tampa, FL, 

US) and James A. Haley Veterans Affairs Hospital (Tampa, FL, US). Ninety-five percent of the 

case subjects who were asked to participate in the study agreed. All cancer cases were 

histologically confirmed by the Department of Pathology at each institution. The controls consisted 

of 147 subjects who were visiting the Lifetime Cancer Screening Center, which is affiliated with the 

H. Lee Moffitt Cancer Center or VA hospital.  All control subjects were male and had had no 

previous diagnosis of cancer.  The control subjects were frequency matched to the patients by age 

at diagnosis (± 5 years). Eighty-three percent of the control subjects who were asked to participate 

in the study consented. Non-genetic risk factor data for the present study were obtained through in-

person interviews with the patients and controls at enrolment. The questionnaire covered 

demographic information, family history of cancer (i.e., whether they have one or more first-degree 

family member with prostate cancer), medical history, and detailed tobacco consumption.  For the 

patients, data on cancer stage, Gleason score, and prostate specific antigen level were abstracted 

from the medical records. The subjects were asked to provide a blood or buccal sample after the 

interview as a source of genomic DNA.  

 

PCMUS: Bulgaria 



The Bulgarian sample of prostate cancer patients consist mainly of newly diagnosed cases, which 

are histopathologically confirmed. The patients (N=150, age range 39-93) are of Bulgarian origin. 

Transrectal biopsy was performed at the Urology Clinic, Alexandrovska University Hospital, mainly 

because of an elevated PSA. Some of the patients were referred from other centres to the tertiary 

university hospital after being previously diagnosed with prostate cancer. A small subset of patients 

had previously had definitive treatment (mainly radical prostatectomy) and they were called 

retrospectively with invitation to join the study. The control group is matched to the patients by sex, 

age, and ethnicity. It consists of two groups: (i) 72 healthy males, age range 54-87, presenting to 

our institution with lower urinary tract symptoms caused by benign prostatic hypertrophy (BPH) 

who had a PSA <3.5. The majority of them subsequently underwent surgical treatment with 

histological verification of the BPH; (ii) an additional healthy control group of 78 anonymous males 

matched to the prostate cancer patients by age and ethnicity, but with no PSA data.  

 

POLAND 

Polish case-control series included 458 men with prostate cancer, diagnosed in north-western 

Poland between 1999 and 2009 at the University Hospital in Szczecin.  Study participants were 

unselected for age and family history. The mean age of prostate cancer diagnosis was 68 years 

(range 41–90 years). The control group included 476 cancer-free adult men from the same 

population (age range, 24–89 years; mean 63.1) taken from the healthy adult patients of five family 

doctors practicing in the Szczecin region. These individuals were selected randomly from the 

patient lists of the participating doctors.   

 

ProtecT/ ProMPT, UK  

The ProtecT9 (Prostate testing for cancer and Treatment) trial is an NIHR-funded, UK-wide study of 

community-based PSA testing followed by a randomised controlled trial of prostate cancer 

treatment (radical surgery, radical conformal radiotherapy and active monitoring: ProMPT).  Over 

200,000 men between the ages of 50 and 69 years, ascertained through general practices in nine 

regions in the UK, were approached and over 100, 000 attended for PSA testing and, when PSA 

was 3.0ng/ml or more, for prostate cancer diagnosis. Over 95% of recruited men were of white 

ethnicity. For this study, after QC, 1563 cases identified by PSA screening within the ProtecT study 

were analysed. Controls with normal PSA levels (<3ng/ml) were selected from the same GP 

register and 5 year age band as the cases (n=1474 after QC were analysed). 

 

QUEENSLAND:  Australia 

Caucasian patients were accrued through the Queensland node of the Australian Prostate Cancer 

BioResource (APCB), where cases were recruited through local urologists at the time of diagnosis 

(n=186 after QC). All cases had histopathologically confirmed prostate cancer, following 



presentation with an abnormal serum PSA and/or lower urinary tract symptoms. Controls 

comprised healthy male blood donors with no personal history of prostate cancer, were recruited 

through Queensland University of Technology from the Australian Electoral Commission (n= 87, 

age range 54-90 years). 

 

The Southern Community Cohort Study (SCCS) 

The SCCS is a prospective cohort of African Americans and non-African Americans which during 

2002-2009 enrolled over 85,000 residents aged 40-79 years across 12 southern states 

(www.southerncommunitystudy.org)10.   Recruitment occurred mainly at community health centers, 

institutions providing basic health services primarily to the medically uninsured, so that the cohort 

includes many adults of lower income and educational status.  Each study participant completed a 

detailed baseline questionnaire, and nearly 90% provided a biologic specimen (approximately 45% 

a blood sample and 45% buccal cells). Follow-up of the cohort is conducted by linkage to national 

mortality registers and to state cancer registries. Included in this study are 545 African American 

prevalent and incident prostate cancer cases and 510 African American male controls. 

 

SEARCH 

Prostate cancer cases were identified via the Eastern Cancer Registration and Information Centre, 

East Anglia, UK. Incident cases <70 years at diagnosis are recruited. Controls are men attending 

general practice who are frequency- matched to cases by age and geographic region. 

 

STOCKHOLM: Sweden STHM1 

The Stockholm-1 (STHLM1) study invited men without a history of prostate cancer who had 

undergone prostate biopsy between 01.01.2005 and 31.12.2007 in the Stockholm area. In total, 

7035 men were invited and 5241 (75%) consented to participate in the study by donating a blood 

sample and completing a questionnaire regarding life-style factors and family history of prostate 

cancer. Record linkage to the Regional Cancer Registry and the Stockholm part of the National 

Prostate Cancer Registry revealed information about incident prostate cancer cases in the cohort 

including tumour stage and grade of diseased men.  For the present study DNA was available from 

a total of 2126 prostate cancer cases and 2403 unaffected men. 

 

TAMPERE:  Finland  

Total of 8744 Finnish samples were sent to for typing. Of these, 2960 unselected cases and 165 

controls (PSA < 4 µg/ml) were collected in Tampere, Finland and all are of Finnish origin. The 

mean age of diagnosis was 68.7 years (range 36-94). The patients were diagnosed with prostate 

cancer in 1993-2008 in the Tampere University Hospital, Department of Urology. Tampere 

University Hospital is a regional referral center in the area for all patients with prostate cancer, 



which results in an unselected, population-based collection of patients. The other unselected set of 

samples were 5522 samples collected in the Finnish arm of The European Randomized Study of 

Screening for Prostate Cancer, which was initiated in the early 1990s to evaluate the effect of 

screening with prostate-specific–antigen (PSA) testing on death rates from prostate cancer. This 

sample set includes 1106 Finnish cancer cases and 4416 controls. These men were born in years 

1933, 1937 and 1941 and were randomly assigned to a group that was offered PSA screening at 

an average of once every 4 years or to a control group that did not receive such screening. In 

addition to these two sporadic sample sets, 97 familial cancer cases (mean age at diagnosis 70 

years) from Finnish prostate cancer families were genotyped.   

 

UKGPCS 

Blood DNA from prostate cancer cases was collected from cases throughout the UK aged < 60 

years at diagnosis and a systematic series from the prostate cancer clinic at The Royal Marsden 

NHS Foundation Trust.  Diagnosis is confirmed from medical record or death certificate.  60% are 

clinically detected.  

 

ULM: Germany  

Cases were recruited in two different ways. Familial prostate cancer probands (index cases) were 

ascertained from all over Germany. They were advised by their attending physicians to contact the 

Clinic of Urology of Ulm. The positive family history was then verified by reviewing medical records 

or death certificates of family members. In each case, only one member of each family (e.g. the 

proband) was enrolled in the present study. Sporadic cases, who reported no relatives affected 

with prostate cancer, were almost exclusively collected at Ulm during their course of treatment 

(e.g. radical prostatectomy) in our Urology Clinic. The control group consists of 213 age-matched 

healthy men and 295 population controls of unknown disease status.  

 

UTAH, US 

All 455 prostate cancer cases were drawn from the set of sampled prostate cancer cases 

belonging to extended Utah high-risk pedigrees.  All cases were selected to have kinship 

coefficients ≤0.0156 with any other case included from the high-risk pedigree set. The 256 controls 

were selected from other high-risk pedigree studies as: 1) not related to a prostate kindred, 2) not 

having cancer, 3) not having a first degree relative with prostate cancer. 

 

WUGS: St. Louis, Missouri, US 

The Washington University Genetic Study is a prospective study designed to investigate both 

genetic and non-genetic risk factors for prostate cancer progression.  A hospital-based series of 

1901 patients with newly diagnosed prostate cancer, who were treated for prostate cancer 



between August 2004 and August 2011.   All patients had biopsy-proven adenocarcinoma of the 

prostate. From this cohort were selected 990 consecutively treated patients from August 2004-

March 2010, with available blood DNA and environmental data.   
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