Supplementary information

European polygenic risk score for prediction of breast
cancer shows similar performance in Asian women

Ho et al.



Supplementary Figure 1. Principal components analysis

Principal components analysis of population structure of Malaysian and Singaporean Chinese,
Malay, and Indian from Malaysian Breast Cancer Genetics (MyBrCa) batch 2 and Singapore Breast
Cancer Cohort (SGBCC) batch 2 studies. First two principal components (PCs) are shown here.
Each individual is represented by one dot and the colour label corresponding to their self-
reported ethnic origin.

6 -
<
MYBRCA SGBCC -
Chinese ¢ ® ’
Indian © °
Malay ° ° e >
4-
N
(&)
[«
2 -
* 9
0-
\o
&




Supplementary Figure 2. Absolute risk using Singaporean breast cancer incidence. Lifetime (top panel) and 10-year absolute risk (bottom panel)
of developing breast cancer for Chinese, Malay and Indian women calculated using Singaporean incidence and mortality data and using PRS relative
risks for overall breast cancer. The solid horizontal black line shows the 2.3% risk threshold corresponds to the average 10-year risk of breast cancer

for women of European ancestry at 50 years old. The analysis was conducted on 10,392 Chinese, 2,416 Malays and 1,598 Indians. Source data can be found

in Table 5.
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Supplementary Figure 3. Proportion of cases accounted for in the fraction of population above a specific 10-year risk threshold. The
proportion of women in the general population (solid line) who would have maximum 10-year absolute risk of breast cancer (between age 20-70),
adjusting for competing mortality, above a specific risk threshold and the proportion of cases (dashed lines) captured for 10,392 Chinese, 2,416 Malays
and 1,598 Indians. The vertical grey dotted line (2.3%) is the average 10-year absolute risk of breast cancer of a 50-year old European ancestry woman.
For Chinese women, about 25% of the population (16% for Malays and 17% for Indians) would reach the 2.3% risk threshold at some point in their
lives and ~40% (27% for Malays and 28% for Indians) of all breast cancer cases occur in this 25% (16% for Malays and 17% for Indians) of the
population (horizontal grey dotted lines). The plot was created using the estimated OR per SD (1.48) of PRS with overall breast cancer risk and ethnic-

specific breast cancer incidences and mortality of Singaporean women.
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Supplementary Figure 4. Absolute risk using Australian breast cancer incidence. (a)
Lifetime and (b) 10-year absolute risk of developing breast cancer using Australian incidence
and mortality data and using PRS relative risks for overall breast cancer. The solid horizontal
black line shows the 2.3% risk threshold corresponds to the average 10-year risk of breast

cancer
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Supplementary Table 1. Participating studies and the number of individuals used in polygenic risk scores evaluation analyses.

Total Mean age' (sD) Cases ER status. Control family history Cases family history
Array type Study acronym Study Name Study design Country
Control | Cases Control Cases ER+ ER- Un-known Yes No Un-known Yes No [ Un-known
Case-control studies in BCAC Asians
Acp Asia Cancer Program Hospital based case-control study |Thailand 636 416 46.30(10.45) 47.08(9.30) 8 52 275 u 625 0 19 397 0
Hospital-based Epidemiologic Research
HERPACC ospialbased EpIemIoloBic RESEATN | ospital-based case-control study [sapan 1376 s61 5139 (10.93) 51.82 (11.15) 344 124 93 7 1190 116 2 480 39
Program at Aichi Cancer Center’
8
Jation- -
] sBCGS Shanghai Breast Cancer Genetic study? | CPUationbased case-control 892 829 53.02(9.73) 54,63 (10.05) 198 m 60 19 873 0 5 784 0
= study, cohort study
SEBCS Seoul Breast Cancer Study™ Hospital-based case-control study |Korea 1129 1027 52.23(7.73) 48.61(8.98) 618 369 20 a 1 1124 35 an 520
Twacs Taiwanese Breast Cancer Stucy™ Hospital-based case-control study [Taiwan 236 776 5114 (7.85) 5167 (11.25) 398 179 199 2 216 0 & 700 1
MyBrCa Batch 1 Malaysian Breast Cancer Genetic Study’ | Hospital-based case-control study |Malaysia 1254 797 52.52(8.08) 51.10 (10.84) 503 279 15 152 1102 0 114 683 0
MyBrCa Batch 2 Malaysian Breast Cancer Genetic Study’ | Hospital-based case-control study |Malaysia 2205 2509 54.9(8.4) 5157 (1112) 1649 754 106 2 1034 0 324 2185 0
Hospital based breast cancer
SGBCC Batch 1 Singapore Breast Cancer Cohort cohort and population based Singapore 704 711 51.38 (10.14) 52.99 (10.78) 501 187 23 2 263 217 9% 595 20
controls
Hospital based breast cancer
SGBCC Batch 2 Singapore Breast Cancer Cohort cohort and populationbased  [Singapore 3343 2883 49.96(9.94) 5379 (10.49) 2063 665 155 o 0 3343 458 2357 68
controls
ACP Asia Cancer Program Hospital based case-control study |Thailand 642 448 41.35 (11.01) 49.38 (8.87) 273 144 31 15 411 216 28 387 33
> Hospital-based Epidemiologic Research
g HERPACC N Hospital-based case-control study |Japan 283 231 52.17 (10.70) 52.08 (10.82) 192 £ 1 1 23 2% 21 195 15
£ Program at Aichi Cancer Center’
H
g
5
HKBCS Hong Kong Breast Cancer Study” Hospital-based case-control study [China asa 478 48.08 (10.40) 43.86(9.97) 307 158 7 a7 399 8 105 £ 0
Population-based Case-Control
KOHBRA Korean Hereditary Breast Cancer study” | 1" ‘;T fonbased Case-Control Ixorea 665 1292 44,69 (10.54) 39,98 (9.50) 761 427 104 % 565 1 262 1007 23
INGOBCS Nagano Breast Cancer Study' Hospital-based case-control study [Japan 366 366 53.83(9.96) 53.72 (10.61) 277 89 0 2 340 4 2% 329 11
Jation- :
SBCGS Shanghai Breast Cancer Genetic study? | CPutionbased case-control i 935 815 57.05(7.11) 55.29(9.05) 491 289 35 2 913 0 31 784 0
study, cohort study
sescs Seoul Breast Cancer Study™* Hospital-based case-control study [Korea 1107 1102 49.15(9.69) 48.70(9.71) 669 433 o 10 277 820 o 0 102
TwBCS Taiwanese Breast Cancer Study®® Hospital-based case-control study |Taiwan 256 514 45.73 (10.10) 53.09 (11.41) 356 157 1 31 25 0 0 1 500
Total 16483 15755 9989 4611 1155 831 9577 6075 1671 11742 2342
Case-control studies for Asian within American studies
8 Los Angeles County Breast |Popul based |
o LAABC 2 USA 990 808 53.77 (10.17) 53.91 (10.68) 527 138 143 0 0 990 0 ) 808
S Cancer Case-Control Study study
Northern California Breast Cancer Family ~[Population-based farmilial case-
5 |ncaerr i V. [Population-based familial case- ¢, 52 46 45.19(7.75) 48.29(9.24) 285 109 52 6 6 o 141 305 o
£ Registry’ control study
3
5
Jation -
cacs Canadian Breast Cancer Study*"” ::A:;mc" based case-control | 4 170 253 54.41(9.69) 52.98 (11.11) 210 33 10 15 150 5 2 213 12
Total 1212 1507 1022 280 205 21 196 995 169 518 820
Prospective cohort
Population-based +
GSA* |SCHS singapore Chinese Health Study'®*® opulation-based prospective Singapore | 9842 | 413 | 54.48(2.55) | 53.76 (2.34) - | - | - | - | - | - | N | - | -

cohort

BCAC - Breast Cancer Association Consortium; *GSA - Global Screening Array; TAge of diagnosis for cases and age of consent for controls




Supplementary Table 2. Interaction between standardized PRSs and age or family history for overall and subtype-specific

breast cancer
Overall breast cancer ER positive ER negative
OR (95% Cl) p-value OR (95% Cl) p-value OR (95% Cl) p-value
Model: PRS+age+PRS*age
Interaction between PRS and age 1.00 (0.998 - 1.00) 0.736 1.00 (0.996 - 1.000) 0.383 1.00 (0.996 - 1.00) 0.981
Model: PRS+FH+PRS*FH
Interaction between PRS and family history 1.10(0.98-1.23) 0.101 1.01(0.97-1.25) 0.141 1.05(0.90-1.23) 0.528




Supplementary Table 3. Association between standardised 287-SNP PRS and
overall breast cancer risk by age categories

Age Group (years) OR per SD (95% Cl)
<40 1.47 (1.35-1.59)
40-50 1.54 (1.47-1.61)
50-60 1.53 (1.46-1.60)
60-70 1.55 (1.45-1.65)
70-80 1.50(1.31-1.73)

Association between standardised 287-SNP polygenic risk scores (PRS) and overall breast cancer risk in
different age categories.



Supplementary Table 4. Association between standardised 287-SNP polygenic risk scores (PRS) and breast cancer risk in Asian
studies: observed and predicted odds ratio by PRS percentiles

Overall breast cancer ER-positive disease ER-negative disease
Percentile - . . . - .

o, Estimated Predicted Estimated Predicted Estimated Predicted

(%) Case,N Control, N Case, N Control, N Case,N Control, N
OR (95% CI) OR OR (95% CI) OR OR (95% CI) OR

<1 52 165 0.38(0.27-0.52) 033 22 165 0.25 (0.16-0.39) 0.29 22 165 0.57(0.36-0.90) 038

1-5 271 660 0.48 (0.41-0.56) 0.45 146 660 0.40 (0.33-0.49) 0.41 101 660 0.62 (0.50-0.78) 0.51
5-10 379 824 0.54 (0.48-0.62) 0.54 208 824 0.46 (0.39-0.54) 0.51 147 824 0.71(0.59-0.79) 0.6
10-20 962 1,648 0.67 (0.61-0.74) 0.65 575 1,648 0.64 (0.57-0.71) 0.61 283 1,648 0.68 (0.59-0.90) 0.68
20-40 2376 3,297 0.83 (0.77-0.90) 0.8 1,447 3,297 0.79 (0.73-0.86) 0.79 686 3,297 0.80 (0.72-0.90) 0.83
40-60 2,920 3,296 1 1 1,835 3,296 1 1 869 3,296 1 1
60-80 3,519 3,297 1.20 (1.12-1.29) 123 2,302 3,297 1.24(1.15-1.34) 128 1,061 3,297 1.21(1.09-1.35) 119
80-90 2,223 1,648 1.51(1.39-1.64) 151 1,449 1,648 157 (1.43-1.73) 159 593 1,648 1.32(1.17-1.49) 1.44
90-95 1318 824 1.82 (1.65-2.02) 1.74 869 824 1.93(1.72-2.16) 187 363 824 1.62 (1.39-1.87) 1.64
95-99 1,325 660 2.22(1.99-247) 2.15 871 660 2.28 (2.02-2.57) 243 374 660 2.06 (1.77-2.39) 1.94

>99 410 164 2.72(2.24-3.29) 294 265 164 2.84 (2.30-3.49) 3.33 112 164 2.29(1.77-2.97) 2.66

PRS was categorised into quantiles based on the PRS distribution in controls and the middle quintile was used as the reference category. Observed odds ratios
(ORs) were compared with those predicted under a theoretical polygenic model in which the log OR depends-linearly on the PRS.



Supplementary Table 5. Association between standardised 287-SNP PRS and overall breast cancer risk by ethnic subgroups

Chinese Malay Indian
Percentile
(%) Estimated Predicted Estimated Predicted Estimated Predicted
Case, N Control, N Case, N Control, N Case, N Control, N
OR (95% CI) OR OR (95% CI) OR OR (95% CI) OR

0-20 563 1032 0.58(0.50-0.66) 0.6 110 267 0.49(0.36-0.65) 0.5 57 204 0.49(0.33-0.70) 0.48
20-40 765 1031 0.80(0.70-0.91) 0.8 172 266 0.77(0.60-1.01) 0.77 80 203 0.69(0.48-0.97) 0.68
40-60 955 1031 1 1 222 266 1 1 116 204 1 1
60-80 1205 1031 1.24(1.10-1.40) 1.26 251 266 1.13(0.88-1.45) 1.13 149 203 1.29(0.94-1.76) 1.24
80-90 696 515 1.44(1.25-1.67) 1.46 129 133 1.16(0.86-1.57) 1.16 86 102 1.47(1.02-2.14) 1.46

>90 1052 516 2.19(1.91-2.52) 2.2 200 134 1.79(1.35-2.37) 1.8 92 102 1.57(1.09-2.26) 1.52
Total 5236 5156 1084 1332 580 1018

Association between standardised 287-SNP polygenic risk scores (PRS) and overall breast cancer risk in Chinese, Malays and Indians: observed and predicted odds
ratio by PRS percentile. PRS was categorised into quantiles based on the PRS distribution in controls and the middle quintile was used as the reference category.
Observed odds ratios (ORs) for overall breast cancer for women in Malaysian Breast Cancer Genetics (MyBrCa) and Singapore Breast Cancer Cohort (SGBCC)
studies were compared with those predicted under a theoretical polygenic model in which the log OR depends-linearly on the PRS.




Supplementary Table 6. SNPs and odd ratios (Ors) for SNPs used in the
construction of other PRSs.

SNPs CHR Pos’ Allele’  GENE Lowetal.’ Leeetal’ Wenetal’ Hsieh etal’Chenetal.>* Overlap with PRS287
rs616488 1 10566215 AlG PEX14 0.94 0.93 YES
rs11552449 1 114448389 c/T PTPN22/BCL2L15/AP4B1/DCLRE1B/HIPK1 1.06

rs11249433 1 121280613 AlG EMBP1 1.09 1.09 0.80 YES
rs12405132 1 145644984 c/T RNF115 0.98

rs4951011 1 203766331 AlG ZC3H11A 1.06 1.07

rs12710696 2 19320803 T/C MIR4757 0.95

rs4849887 2 121245122 T/C INHBB- 1.09 1.07

rs2016394 2 172972971 G/A METAP1D/DLX1/DLX2 0.95

rs10931936 2 202143928 T/C CASP8 0.95

rs13387042 2 217905832 AlG TNP1a 0.93 0.95

rs16857609 2 218296508 c/T DIRC3 0.93 1.09

rs6762644 3 4742276 AlG ITPR1/EGOT 1.07

rs4973768 3 27416013 c/T SLC4A7E 111 111 1.15

rs1431131 3 30675880 AT TGFBR2 1.01

rs12493607 3 30682939 G/C TGFBR2 0.94 1.05.

rs6796502 3 46866866 G/A PRSS42 1.08

rs7696175 4 38820986 T/C TLRE6 0.93

rs9790517 4 106084778 c/T TET2 1.05

rs6828523 4 175846426 C/A ADAM29 0.90 0.94

rs10069690 5 1279790 c/T TERT 1.07 1.07 YES
rs2242652 5 1280028 G/A TERT 1.06

rs13162653 5 16187528 G/T LOC401176 0.87

rs2012709 5 32567732 c/T suB1 1.05.

rs4415084 5 44662515  C/T  5p12(intergenic) 0.87

rs10941679 5 44706498 AlG MRPS30 112 1.07 YES
rs981782 5 45285718 A/C HCN1 1.29

rs16886165 5 56023083 T/6 MAP3K1 121 YES
rs889312 5 56031884 C/A MAP3K1 0.95 0.96 0.76

rs2229882 5 56168712 /T MAP3K1 132

rs10472076 5 58184061 T/C RAB3C 1.04

rs7707921 5 81538046 T/A ATG10 0.85

rs10474352 5 90732225 c/T RAB5CP2 0.93 1.01

rs1432679 5 158244083 /T EBF1 0.93 0.93 YES
rs11242675 6 1318878 c/T FOXQ1 115

rs204247 6 13722523 G/A RANBPS 0.95

rs17529111 6 82128386 T/C FAM46A 1.06

rs2180341 6 127600630 G/A ECHDC1/RNF146 0.76

rs9485372 6 149608874 G/A TAB2 0.88

rs3757318 6 151914113 G/A ESR1 1.04 1.40

rs12662670 6 151918856 T/G ESR1 1.42

rs11155804 6 151946152 T/A ESR1 1.42

rs2046210 6 151948366 G/A ESR1 127 1.27 1.42

rs6557161 6 151950235 AlG ESR1 1.16

rs4593472 7 130667121 c/T LINC-PINT 0.97

rs720475 7 144074929 G/A ARHGEF5 0.94

rs9693444 8 29509616 A/C C8orf75 0.93 0.93 YES
rs13365225 8 36858483 AlG KCNU1 0.92 YES
rs6472903 8 76230301 G/T HNF4G 113 0.90

rs13267382 8 117209548 AlG LINC00536 1.05. YES
rs13281615 8 128355618 A/G 8q24 1.07 0.9

rs7815245 8 128383597 /T CASC8 0.89

rs1562430 8 128387852 T/C 8q24 0.87 0.94 0.87

rs1011970 9 22062134 G/T CDKN2A 1.07 1.07

rs10759243 9 110306115 C/A KLF4 1.06 1.06

rs10816625 9 110837073 A/G CHCHD4pP2 0.83 YES
rs865686 9 110888478 G/T CHCHD4P2 111 0.94

rs10822013 10 64251977 /T ZNF365 1.08 1.08 1.05

rs10509168 10 64257828 T/C CNF365 1.10

rs10995190 10 64278682 G/A ZNF365 1.06 1.14

rs704010 10 80841148 T/C ZMiZ1 0.93 0.94 0.86

rs11199914 10 123093901 /T 10q26.12 0.96

rs11200014 10 123334930 G/A FGFR2 1.07

rs2981579 10 123337335 A/G FGFR2 0.86 0.88

rs2981578 10 123340311 /T FGFR2 0.81

rs1219648 10 123346190 A/G FGFR2 114 113

rs2981582 10 123352317 A/G FGFR2 0.79 0.79 0.88

rs3817198 11 1909006 T/C LSP1 1.07

rs909116 11 1941946 T/C LSP1 0.93 0.84

rs3903072 11 65583066 G/T DKFZp761E198/0VOL1/SNX32/CFL1 0.95

rs614367 11 69328764 /T CCND1 1.28

rs11820646 11 129461171 T/C BARX2 1.05

rs7107217 11 129473690 A/C BARX2 11

rs12422552 12 14413931 G/C ATF7IP 1.06 1.06 YES
rs10771399 12 28155080 A/G PTHLH 0.86 0.89 0.9

rs7297051 12 28174817 /T PTHLH 0.82 YES
rs17356907 12 96027759 A/G NTN4 0.91 0.94 YES
rs1292011 12 115836522 A/G MED13L 0.89

rs2236007 14 37132769 G/A PAX9/SLC25A21 0.92 0.93

rs3784099 14 68749927 G/A RAD51B 0.73

rs941764 14 91841069 A/G CCDC88C 1.06 1.06 YES
rs11627032 14 93104072 T/C RIN3 1.04

rs2290203 15 91512067 G/A PRC1 0.92 0.95

rs3803662 16 52586341 A/G LOC643714 0.83 0.88 0.88

rs4784227 16 52599188 /T TOX3 123 1.23 1.28 YES
rs12922061 16 52635000 /T TOX3 1.23

rs3112612 16 52635164 G/A TOX3 0.88

rs1421085 16 53800954 T/C FTO 1.02

rs17817449 16 53813367 T/G MIR1972-2/FTO 0.93

rs11075995 16 53855291 A/T FTO 0.93 0.91

rs13329835 16 80650805 A/G coyL2 1.09

rs745570 17 77781725 A/G CBX8 1.16 YES
rs527616 18 24337424 c/G AQP4a 0.98 1.04 YES
rs1436904 18 24570667 T/G CHST9 0.96

rs6507583 18 42399590 A/G SETBP1 1.09

rs2363956 19 17394124 T/G ANKLE1 0.94

rs4808801 19 18571141 A/G ELL 0.95

rs3760982 19 44286513 A/G C190rf61:KCNN4:LYPD5:ZNF283 0.94

rs2823093 21 16520832 G/A NRIP1 0.92

rs12628403 22 39358037 A/C APOBEC3A 111

rs6001930 22 40876234 T/C MKL1 1.06

1Build 37 position; 2Reference/effect allele; 30dds ratio for each SNP reported each respectively study; “One SNP rs146699004 was
not imputed and hence not included in the analyses
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