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[bookmark: _Toc84875944]Classification of European Genetic Ancestry
To reduce confounding by genetic ancestry and due to relatively small sample sizes of non-White cases in the study populations, we restricted the analysis to participants with European genetic ancestry, as determined by principal components analysis (PCA). PCA was performed on the full ISACC study population using PLINK (v1.9). The first two eigenvectors classified individuals based on self-identified race (Supplementary Figure 3A) and were used to categorize participants by European genetic ancestry. Participants with a value within one standard deviation of the median for the first and second eigenvectors were categorized as European genetic ancestry (Supplementary Figure 3B) and retained for subsequent analyses. 
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*Registry linkage involves National Death Index, state cancer registries, state death records, or population registers with cause of death verified by death certificates; Active follow-up involves death certificate and/or medical record review.
[bookmark: _Toc84875947]Supplementary Table 2. Demographics and tumor characteristics of 16,964 colorectal cancer patients, stratified by study. 
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[bookmark: _Toc84875952]Supplementary Figure 1. Quantile-quantile (QQ) plots of -log10 transformed p-values for variant-specific associations with colorectal cancer survival. Grey shading indicates the 95% CIs based on the beta distribution of observed p-values. (A) overall GWAS, (B) stage 2/3-specific, (C) stage 4-specific, (D) proximal colon tumor-specific, (E) distal colon tumor-specific, (F) rectal tumor-specific. 
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[bookmark: _Toc84875953]Supplementary Figure 2. Manhattan plot of -log10 p-values for the genome-wide analysis of colorectal cancer survival stratified by tumor stage. (A) stage 2/3-specific, (B) stage 4-specific
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[bookmark: _Toc84875954]Supplementary Figure 3. Principal components analysis (PCA) used to define European genetic ancestry. (A) PCA plot colored by self-identified race. Values within one standard deviation of the median for the first and second eigenvectors was used to define individuals with European genetic ancestry. (B) individuals defined as European genetic ancestry are highlighted in blue. All others (n=1,220) were excluded from further analysis. 
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HR 95% CI P-value HR 95% CI P-value HR 95% CI P-value



Overall 1.34 (1.12, 1.61) 1.59 x 10-3 1.10 (1.03, 1.19) 5.48 x 10-3 1.16 (0.98, 1.38) 8.45 x 10-2



Stage 2/3 1.38 (0.99, 1.93) 5.61 x 10-2 1.10 (0.97, 1.25) 1.24 x 10-1 1.26 (0.93, 1.71) 1.39 x 10-1



Stage 4 1.10 (0.82, 1.49) 5.22 x 10-1 1.03 (0.91, 1.16) 6.38 x 10-1 0.95 (0.72, 1.25) 7.03 x 10-1



Proximal 2.14 (1.65, 2.77) 9.19 x 10-9 0.95 (0.84, 1.08) 4.39 x 10-1 2.01 (1.57, 2.58) 3.14 x 10-8



Distal 1.41 (0.98, 2.03) 6.35 x 10-2 1.48 (1.30, 1.69) 8.47 x 10-9 0.79 (0.52, 1.20) 2.70 x 10-1



Rectal 0.79 (0.50, 1.23) 2.98 x 10-1 1.07 (0.93, 1.23) 3.23 x 10-1 1.00 (0.68, 1.45) 9.85 x 10-1
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Study 
Abbrev. Study Name Study Design Location N Cases



Median 
follow-up, 



years
Cancer 
Stages



Survival 
Ascertainment 



Method* Genotyping Platform
CCFR Colon Cancer Family Registry Case-cohort USA, 



Australia
2,446    12.86 1-4 Active follow-up Illumina Human 1M or Human1M-Duo, 



Illumina Omni-1Quad, Illumina OncoArray, 
Custom Affymextrix Axiom array (1.3M SNPs)



CPSII Cancer Prevention Study - II Cohort USA 819         5.16 1-4 Registry linkage Illumina OncoArray + Custom iSelect array, 
Custom Affymetrix Axiom Array (1.3M SNPs)



DACHS Darmkrebs: Chancen der Verhutung 
durch Screening Study



Case-control Germany 2,659    3.27 1-4 Registry linkage Illumina HumanCytoSNP,  Illumina 
HumanOmniExpress, Illumina OncoArray



DALS Diet Activity and Lifestyle Study Case-control USA 1,098    4.92 1-4 Registry linkage Illumina HumanCytoSNP,  Illumina 550K, 
Illumina 610K



EDRN Early Detection Research Network Case-cohort USA 191         3.40 1-4 Registry linkage Illumina OncoArray + Custom iSelect Array
EPIC European Prospective Investigation 



into Cancer
Cohort Europe 1,821    3.34 1-4 Registry linkage Illumina HumanOmniExpress + ExomeChip



HPFS Health Professionals Follow-up Study Cohort USA 348         6.99 1-4 Active follow-up Illumina HumanOmniExpress, Illumina 
HumanOmniExpress + ExomeChip



MCCS Melbourne Collaborative Cohort 
Study



Cohort Australia 750         11.41 1-4 Registry linkage Illumina OncoArray, Custom Affymetrix 
Axiom Array (1.3M SNPs)



N9741 N9741 Clincial Trial Clinical trial USA 426         1.56 4 Active follow-up Illumina HumanOmniExpress + ExomeChip
NHS Nurses' Health Study Cohort USA 591         7.50 1-4 Active follow-up Illumina HumanOmniExpress, Illumina 



HumanOmniExpress + ExomeChip
PHS Physician's Health Study Cohort USA 323         5.68 1-4 Active follow-up Illumina HumanOmniExpress



PLCO Prostate, Lung, COlorectal, and 
Ovarian Cancer Screening Trial



Case-control USA 972         5.30 1-4 Active follow-up Illumina HumanCytoSNP, Illumina 
HumanHap300 and HumanHap240S, 
Illumina 610K



UKB UK Biobank Cohort UK 2,919    3.06 1-4 Registry linkage Custom Affymetrix Axiom Array (1.3M SNPs)
VITAL VITamins and Lifestyle Study Cohort USA 270         4.94 1-3 Registry linkage Illumina HumanCytoSNP
WHI Women's Health Initiative Cohort USA 1,331    3.82 1-4 Active follow-up Illumina HumanCytoSNP, Illumina 550K, 



Illumina 610K










Study 

Abbrev. Study Name Study DesignLocation N Cases

Median 

follow-up, 

years

Cancer 

Stages

Survival 

Ascertainment 

Method* Genotyping Platform

CCFR Colon Cancer Family Registry Case-cohort USA, 

Australia

2,446      12.86 1-4 Active follow-upIllumina Human 1M or Human1M-Duo, 

Illumina Omni-1Quad, Illumina OncoArray, 

Custom Affymextrix Axiom array (1.3M SNPs)

CPSII Cancer Prevention Study - II Cohort USA 819           5.16 1-4 Registry linkageIllumina OncoArray + Custom iSelect array, 

Custom Affymetrix Axiom Array (1.3M SNPs)

DACHS Darmkrebs: Chancen der Verhutung 

durch Screening Study

Case-control Germany 2,659      3.27 1-4 Registry linkageIllumina HumanCytoSNP,  Illumina 

HumanOmniExpress, Illumina OncoArray

DALS Diet Activity and Lifestyle Study Case-control USA 1,098      4.92 1-4 Registry linkageIllumina HumanCytoSNP,  Illumina 550K, 

Illumina 610K

EDRN Early Detection Research Network Case-cohort USA 191           3.40 1-4 Registry linkageIllumina OncoArray + Custom iSelect Array

EPIC European Prospective Investigation 

into Cancer

Cohort Europe 1,821      3.34 1-4 Registry linkageIllumina HumanOmniExpress + ExomeChip

HPFS Health Professionals Follow-up Study Cohort USA 348           6.99 1-4 Active follow-upIllumina HumanOmniExpress, Illumina 

HumanOmniExpress + ExomeChip

MCCS Melbourne Collaborative Cohort 

Study

Cohort Australia 750           11.41 1-4 Registry linkageIllumina OncoArray, Custom Affymetrix 

Axiom Array (1.3M SNPs)

N9741 N9741 Clincial Trial Clinical trial USA 426           1.56 4 Active follow-upIllumina HumanOmniExpress + ExomeChip

NHS Nurses' Health Study Cohort USA 591           7.50 1-4 Active follow-upIllumina HumanOmniExpress, Illumina 

HumanOmniExpress + ExomeChip

PHS Physician's Health Study Cohort USA 323           5.68 1-4 Active follow-upIllumina HumanOmniExpress

PLCO Prostate, Lung, COlorectal, and 

Ovarian Cancer Screening Trial

Case-control USA 972           5.30 1-4 Active follow-upIllumina HumanCytoSNP, Illumina 

HumanHap300 and HumanHap240S, 

Illumina 610K

UKB UK Biobank Cohort UK 2,919      3.06 1-4 Registry linkageCustom Affymetrix Axiom Array (1.3M SNPs)

VITAL VITamins and Lifestyle Study Cohort USA 270           4.94 1-3 Registry linkageIllumina HumanCytoSNP

WHI Women's Health Initiative Cohort USA 1,331      3.82 1-4 Active follow-upIllumina HumanCytoSNP, Illumina 550K, 

Illumina 610K
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n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Male sex 1295 (52.9) 401 (49.0) 1579 (59.4) 606 (55.2) 113 (59.2) 830 (45.6) 348 (100.0) 391 (52.1)
Age at diagnosis, years^ 60 (20-75) 76 (57-90) 69 (33-94) 67 (31-79) 62 (26-87) 64 (37-85) 73 (46-93) 71 (43-87)
Age category
  <50 485 (19.8) 0 ( 0.0) 127 ( 4.8) 83 ( 7.6) 28 (14.7) 86 ( 4.7) 2 (0.6) 13 (1.7)
  50-60 703 (28.7) 3 ( 0.4) 383 (14.4) 193 (17.6) 49 (25.7) 462 (25.4) 27 (7.8) 85 (11.3)
  60-70 855 (35.0) 111 (13.6) 861 (32.4) 386 (35.2) 70 (36.6) 828 (45.5) 98 (28.2) 227 (30.3)
  >70 403 (16.5) 705 (86.1) 1288 (48.4) 436 (39.7) 44 (23.0) 445 (24.4) 221 (63.5) 425 (56.7)
CRC-specific deaths 538 (22.0) 186 (22.7) 537 (20.2) 210 (19.1) 14 ( 7.3) 471 (25.9) 85 (24.4) 194 (25.9)
All-cause deaths 1069 (43.7) 319 (38.9) 725 (27.3) 351 (32.0) 19 ( 9.9) 592 (32.5) 205 (58.9) 341 (45.5)
CRC-specific survival, months^ 180.5 (178.4-182.3) 77.9 (74.4-82.6) 57.9 (49.3-58.4) 67.0 (65.9-69) 44.4 (40.3-49.4) 61.3 (57.6-63.9) 103.0 (97-120.7) 158.3 (150.5-169.0)
Overall survival, months^ 189.7 (188.6-190.9) 92.6 (87.3-97.5) 59.0 (58.7-59.4) 71.0 (69.0-73.0) 45.4 (40.3-50.4) 66.0 (62.7-70.0) 157.0 (146.0-178.0) 185.6 (179.6-190.6)
Stage



Stage 1 or local 611 (25.0) 352 (43.0) 595 (22.4) 384 (35.0) 85 (44.5) 204 (11.2) 47 (13.5) 73 (9.7)
Stage 2/3 or regional 1289 (52.7) 361 (44.1) 1664 (62.6) 529 (48.2) 63 (33.0) 530 (29.1) 106 (30.5) 217 (28.9)
Stage 4 or distant 192 ( 7.8) 73 ( 8.9) 389 (14.6) 90 ( 8.2) 13 ( 6.8) 133 ( 7.3) 23 (6.6) 98 (13.1)
Missing 354 (14.5) 33 ( 4.0) 11 ( 0.4) 95 ( 8.7) 30 (15.7) 954 (52.4) 172 (49.4) 362 (48.3)



Tumor location
Proximal colon 831 (34.0) 438 (53.5) 874 (32.9) 528 (48.1) 65 (34.0) 499 (27.4) 122 (35.1) 278 (37.1)
Distal colon 668 (27.3) 197 (24.1) 712 (26.8) 535 (48.7) 52 (27.2) 587 (32.2) 104 (29.9) 206 (27.5)
Rectal 796 (32.5) 162 (19.8) 1067 (40.1) 0 ( 0.0) 74 (38.7) 626 (34.4) 89 (25.6) 246 (32.8)
Missing 151 (6.2) 22 (2.7) 6 (0.2) 35 (3.2) 0 (0) 109 (6) 33 (9.5) 20 (2.7)
^median (range) given for age at diagnosis, median (95% CI) given for CRC-pecific and overall survival



(n = 750)(n = 2,446) (n = 819) (n = 2,659) (n = 1,098) (n = 191) (n = 1,821) (n = 348)
HPFS MCCSCCFR CPSII DACHS DALS EDRN EPIC










n(%) n(%) n(%) n(%) n(%) n(%) n(%) n(%)

Male sex

1295(52.9) 401(49.0) 1579(59.4) 606(55.2) 113(59.2) 830(45.6) 348(100.0) 391(52.1)

Age at diagnosis, years^

60(20-75) 76(57-90) 69(33-94) 67(31-79) 62(26-87) 64(37-85) 73(46-93) 71(43-87)

Age category

  <50 485(19.8) 0( 0.0) 127( 4.8) 83( 7.6) 28(14.7) 86( 4.7) 2(0.6) 13(1.7)

  50-60 703(28.7) 3( 0.4) 383(14.4) 193(17.6) 49(25.7) 462(25.4) 27(7.8) 85(11.3)

  60-70 855(35.0) 111(13.6) 861(32.4) 386(35.2) 70(36.6) 828(45.5) 98(28.2) 227(30.3)

  >70 403(16.5) 705(86.1) 1288(48.4) 436(39.7) 44(23.0) 445(24.4) 221(63.5) 425(56.7)

CRC-specific deaths

538(22.0) 186(22.7) 537(20.2) 210(19.1) 14( 7.3) 471(25.9) 85(24.4) 194(25.9)

All-cause deaths

1069(43.7) 319(38.9) 725(27.3) 351(32.0) 19( 9.9) 592(32.5) 205(58.9) 341(45.5)

CRC-specific survival, months^

180.5(178.4-182.3) 77.9(74.4-82.6) 57.9(49.3-58.4) 67.0(65.9-69) 44.4(40.3-49.4) 61.3(57.6-63.9) 103.0(97-120.7) 158.3(150.5-169.0)

Overall survival, months^

189.7(188.6-190.9) 92.6(87.3-97.5) 59.0(58.7-59.4) 71.0(69.0-73.0) 45.4(40.3-50.4) 66.0(62.7-70.0) 157.0(146.0-178.0) 185.6(179.6-190.6)

Stage

Stage 1 or local

611(25.0) 352(43.0) 595(22.4) 384(35.0) 85(44.5) 204(11.2) 47(13.5) 73(9.7)

Stage 2/3 or regional

1289(52.7) 361(44.1) 1664(62.6) 529(48.2) 63(33.0) 530(29.1) 106(30.5) 217(28.9)

Stage 4 or distant

192( 7.8) 73( 8.9) 389(14.6) 90( 8.2) 13( 6.8) 133( 7.3) 23(6.6) 98(13.1)

Missing

354(14.5) 33( 4.0) 11( 0.4) 95( 8.7) 30(15.7) 954(52.4) 172(49.4) 362(48.3)

Tumor location

Proximal colon

831(34.0) 438(53.5) 874(32.9) 528(48.1) 65(34.0) 499(27.4) 122(35.1) 278(37.1)

Distal colon

668(27.3) 197(24.1) 712(26.8) 535(48.7) 52(27.2) 587(32.2) 104(29.9) 206(27.5)

Rectal

796(32.5) 162(19.8) 1067(40.1) 0( 0.0) 74(38.7) 626(34.4) 89(25.6) 246(32.8)

Missing

151(6.2) 22(2.7) 6(0.2) 35(3.2) 0(0) 109(6) 33(9.5) 20(2.7)

^median (range) given for age at diagnosis, median (95% CI) given for CRC-pecific and overall survival

(n = 750) (n = 2,446) (n = 819) (n = 2,659) (n = 1,098) (n = 191) (n = 1,821) (n = 348)

HPFS MCCS CCFR CPSII DACHS DALS EDRN EPIC
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n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Male sex 249 ( 58.5) 0 ( 0.0) 323 (100.0) 556 (57.2) 1691 ( 57.9) 146 (54.1) 0 (0.0)
Age at diagnosis, years^ 61 (26-82) 70 (37-91) 70 (44-92) 70 (55-86) 66 (41-76) 71 (52-83) 72 (50-91)
Age category
  <50 66 ( 15.5) 10 ( 1.7) 5 ( 1.5) 0 ( 0.0) 79 (  2.7) 0 ( 0.0) 0 (0)
  50-60 122 ( 28.6) 62 (10.5) 36 (11.1) 57 ( 5.9) 487 ( 16.7) 23 ( 8.5) 59 (4.4)
  60-70 139 ( 32.6) 222 (37.6) 110 (34.1) 412 (42.4) 1665 ( 57.0) 91 (33.7) 445 (33.4)
  >70 99 ( 23.2) 297 (50.3) 172 (53.3) 503 (51.7) 688 ( 23.6) 156 (57.8) 827 (62.1)
CRC-specific deaths 366 ( 85.9) 161 (27.2) 130 (40.2) 174 (17.9) 581 ( 19.9) 67 (24.8) 296 (22.2)
All-cause deaths 405 ( 95.1) 247 (41.8) 199 (61.6) 272 (28.0) 773 ( 26.5) 109 (40.4) 407 (30.6)
CRC-specific survival, months^ 110.0 (108.9-117.9) 123.0 (115.6-131.8) 145.8 (128.0-162.5) 79.5 (75.5-82.2) 46.0 (44.8-47.3) 74.9 (69.6-82.2) 65.6 (62.3-69.3)
Overall survival, months^ 117.9 (110.3-123.4) 139.9 (128.8-150.0) 192.7 (175.7-217.4) 84.1 (81.0-88.1) 48.4 (47.3-50.3) 84.8 (78.2-88.8) 71.9 (67.4-75.8)
Stage



Stage 1 or local 0 (  0.0) 139 (23.5) 64 (19.8) 347 (35.7) 0 (  0.0) 16 ( 5.9) 421 (31.6)
Stage 2/3 or regional 0 (  0.0) 309 (52.3) 121 (37.5) 511 (52.6) 0 (  0.0) 1 ( 0.4) 719 (54.0)
Stage 4 or distant 426 (100.0) 79 (13.4) 44 (13.6) 109 (11.2) 0 (  0.0) 0 ( 0.0) 178 (13.4)
Missing 0 (  0.0) 64 (10.8) 94 (29.1) 5 ( 0.5) 2919 (100.0) 253 (93.7) 13 (1.0)



Tumor location
Proximal colon 0 (  0.0) 293 (49.6) 108 (33.4) 505 (52.0) 810 ( 27.7) 139 (51.5) 724 (54.4)
Distal colon 0 (  0.0) 149 (25.2) 109 (33.7) 289 (29.7) 858 ( 29.4) 66 (24.4) 349 (26.2)
Rectal 0 (  0.0) 133 (22.5) 70 (21.7) 157 (16.2) 1022 ( 35.0) 59 (21.9) 248 (18.6)
Missing 426 (100) 16 (2.7) 36 (11.1) 21 (2.2) 229 (7.8) 6 (2.2) 10 (0.8)
^median (range) given for age at diagnosis, median (95% CI) given for CRC-pecific and overall survival



(n = 1,331)(n = 426) (n = 591) (n = 323) (n = 972) (n = 2,919) (n = 270)
N9741 NHS PHS PLCO UKB VITAL WHI










n(%) n(%) n(%) n(%) n(%) n(%) n(%)

Male sex

249( 58.5) 0( 0.0) 323(100.0) 556(57.2) 1691( 57.9) 146(54.1) 0(0.0)

Age at diagnosis, years^

61(26-82) 70(37-91) 70(44-92) 70(55-86) 66(41-76) 71(52-83) 72(50-91)

Age category

  <50 66( 15.5) 10( 1.7) 5( 1.5) 0( 0.0) 79(  2.7) 0( 0.0) 0(0)

  50-60 122( 28.6) 62(10.5) 36(11.1) 57( 5.9) 487( 16.7) 23( 8.5) 59(4.4)

  60-70 139( 32.6) 222(37.6) 110(34.1) 412(42.4) 1665( 57.0) 91(33.7) 445(33.4)

  >70 99( 23.2) 297(50.3) 172(53.3) 503(51.7) 688( 23.6) 156(57.8) 827(62.1)

CRC-specific deaths

366( 85.9) 161(27.2) 130(40.2) 174(17.9) 581( 19.9) 67(24.8) 296(22.2)

All-cause deaths

405( 95.1) 247(41.8) 199(61.6) 272(28.0) 773( 26.5) 109(40.4) 407(30.6)

CRC-specific survival, months^

110.0(108.9-117.9) 123.0(115.6-131.8) 145.8(128.0-162.5) 79.5(75.5-82.2) 46.0(44.8-47.3) 74.9(69.6-82.2) 65.6(62.3-69.3)

Overall survival, months^

117.9(110.3-123.4) 139.9(128.8-150.0) 192.7(175.7-217.4) 84.1(81.0-88.1) 48.4(47.3-50.3) 84.8(78.2-88.8) 71.9(67.4-75.8)

Stage

Stage 1 or local

0(  0.0) 139(23.5) 64(19.8) 347(35.7) 0(  0.0) 16( 5.9) 421(31.6)

Stage 2/3 or regional

0(  0.0) 309(52.3) 121(37.5) 511(52.6) 0(  0.0) 1( 0.4) 719(54.0)

Stage 4 or distant

426(100.0) 79(13.4) 44(13.6) 109(11.2) 0(  0.0) 0( 0.0) 178(13.4)

Missing

0(  0.0) 64(10.8) 94(29.1) 5( 0.5) 2919(100.0) 253(93.7) 13(1.0)

Tumor location

Proximal colon

0(  0.0) 293(49.6) 108(33.4) 505(52.0) 810( 27.7) 139(51.5) 724(54.4)

Distal colon

0(  0.0) 149(25.2) 109(33.7) 289(29.7) 858( 29.4) 66(24.4) 349(26.2)

Rectal

0(  0.0) 133(22.5) 70(21.7) 157(16.2) 1022( 35.0) 59(21.9) 248(18.6)

Missing

426(100) 16(2.7) 36(11.1) 21(2.2) 229(7.8) 6(2.2) 10(0.8)

^median (range) given for age at diagnosis, median (95% CI) given for CRC-pecific and overall survival

(n = 1,331) (n = 426) (n = 591) (n = 323) (n = 972) (n = 2,919) (n = 270)
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