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Expanded View Figures

Figure EV1. Overview of frequently mutated genes in targeted DNA-seq and RNA-seq across 275 ABiM samples.

A, B Waterfall plot of the 20 most mutated genes (rows) across 275 ABiM samples (columns) in (A) targeted DNA-seq and (B) RNA-seq. Genes are ranked by variant
frequency. Samples are sorted by histological subtype and alteration occurrence. Mutations are colored by predicted functional impact.
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Figure EV2. Impact of gene mutations on overall survival across clinical subgroups.

A-E Overall survival (OS) of patients with tumors containing mutations in the genes (A) TP53, (B) PIK3CA, (C) ERBB2, and (D) PTEN. (E) OS by PTEN-MutExp genotype
(“low” defined as PTEN mutation or PTEN expression in the lower quartile across the cohort, “normal” otherwise) stratified by the clinical patient subgroups HoR*/
HER2™ (HoR* when ER* and PgR*, HoR ™ otherwise; n = 2,134), HoR*/HER2" (n = 230), HOR"/HER2* (n = 104), and TNBC (n = 137). Specific treatments in these
groups are detailed in Table EV4. In each Kaplan—Meier plot, wild-type (wt) and normal cases are plotted in blue, mutated (mut) and low cases are plotted in red,
the log-rank P value is given, and the hazard ratio (HR) for mutation/low is given with a 95% C| and after univariable and multivariable (MV) Cox regression
adjustment. Covariables included in the MV analysis were age at diagnosis, lymph node status, tumor size, and the variables denoted by the following symbols: x,
ER, PgR, and NHG; #, NHG. ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HoR, hormone receptor; NHG, Nottingham histological grade;
PgR, progesterone receptor; TNBC, triple-negative breast cancer.

EV3  EMBO Molecular Medicine €12118 | 2020 © The Authors



Christian Brueffer et al

EMBO Molecular Medicine

HoR+/HER2- HoR+/HER2+ HoR-/HER2+ TNBC
— 1.0 — 1.0 — 1.0 1.0
A [ \ -_-‘-‘b_
2
>
5 0.8 0.8 0.8 0.8
"
E
g g 0.6 0.6 - 0.6 - 0.6
o g logrank P=0.019 logrank P=0.83 logrank P=0.1 logrank P=0.5
= = 047 HR, 1.43 (1.06 to 1.94) 0.4 — HR, 1.09 (0.49 to 2.41) 0.4 — HR, 045 (0.17t01.2) 0.4 — HR, 0.8 (0.41 to 1.54)
= MV# HR, 1.37 (0.99 to 1.91) MVi# HR, 0.83 (0.34 to 2.02) MVa HR, 0.33 (0.11 to 1) MV# HR, 0.64 (0.28 to 1.46)
g 02 wt 02 wt 02 wt 02 wt
o — mut — mut — mut — mut
0.0 T T T T T 111 00 LIS s e e A T T T 111711 00 T T T T T T 71
012345867829 01234567 89 0123456789 01234567829
Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years)
No. at risk No. at risk No. at risk No. at risk
wt 1,8241,8171,7831,7501,7041,5051,086 636 235 wt 160 159 158 154 147 128 89 48 24 wt 52 49 46 46 46 30 16 8 2 wt 48 44 41 41 40 35 21 11 7
mut 310 307 302 289 380 48 173 109 45 ot 70 70 6 6 6 55 41 21 5 Tt 2 5 51 48 48 8 24 9 6 mu @ o7 81 76 74 64 0 17 6
B 5 107 1.0 — 1.0 1.0
S \ —chq\___
<
2 0.8 — 0.8 — 0.8 — 0.8
<35
QO g 06 0.6 - 0.6 0.6
Q .g logrank P=0.98 logrank P=0.19 logrank P=0.48 logrank P=0.049
= 5 04 HR, 1 (0.78 t0 1.27) 0.4 HR, 0.53 (0.2 to 1.39) 0.4 — HR, 0.64 (0.19102.22) 0.4 HR, 2.15 (0.98 to 4.72)
o = MV# HR, 1.01 (0.78 to 1.32) MV# HR, 0.68 (0.25 to 1.83) MVa HR, 0.34 (0.07 to 1.58) MV# HR, 1.91 (0.78 to 4.68)
© — — — —
g 0.2 wt 0.2 wt 0.2 wt 0.2 wt
a — mut — mut — mut — mut
0.0 T T T T T 1711 00 T T T T T T 11 00 T T T T T T 711 00 T T T T T T T
0123456789 01234567839 0123456789 012345867809
Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years)
No. at risk No. at risk No. at risk No. at risk
wt 1,3171,3101,2891,2591,2241,087 782 472 191 wt 163 162 160 157 149 127 91 48 20 wt 80 78 74 71 71 52 32 14 5 wt 119 114 107 103 102 91 45 25 12
mut 817 814 796 780 760 666 477 273 89 mut 67 67 67 64 61 56 39 21 9 mut 24 23 23 23 23 16 8 3 3 mut 18 17 15 14 8 6 3 1
c < 107 1.0 — 1.0 1.0
= E—- x‘—;\_
S
‘a' 0.8 1 0.8 1 0.8 1 0.8
N E
m g 0.6 — 0.6 — 0.6 — 0.6 —
o .g logrank P=0.013 logrank P=0.81 logrank P=0.53 logrank P=0.8
E > 04 HR, 1.96 (1.14 to 3.35) 0.4 HR, 1.28 (0.17 to 9.45) 0.4 4 MV HR, 0.39 (00110 13.37) 04 — HR, 1.2 (0.29 to 5)
z MV# HR, 1.7 (0.97 to 2.98) MV# HR, 1.48 (0.19 to 11.71) MV HR, 0.37 (0 to 62.72) MV# HR, 1.16 (0.27 to 5.09)
% 0.2 wt 0.2 o wt 0.2 wt 0.2 wt
a — mut — mut — mut — mut
0.0 T T T T T 111 00 LIS s e e s A T T T 111711 00 T T T T T T 71
012345867829 012345671829 0123456789 01234567829
Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years)
No. at risk No. at risk No. at risk No. at risk
I 2072206220251, 97919301,7051228 729 278w 224 223 221 215 205 179 126 67 28w Gz o9 o5 2 @ o a 16 8w fat 126 117 112 100 %4 a8 2 12
mut 62 62 60 60 54 48 mut 6 6 6 6 5 4 4 2 mut 2 2 2 2 2 1 1 1 mut 6 5 5 5 5 5 3 2 1
— 1.0 — 1.0 1.0 — 1.0
D 3 \ ﬁ\\_‘_ —~ ‘\‘_
>
3 08 0.8 0.8 0.8 :
=
E g 06 06 06 06
- .g logrank P=0.73 logrank P=0.42 logrank P=0.46 logrank P=0.81
o > 04 HR, 0.89 (0.46 to 1.73) 0.4 — HR, 2.22 (0.3 to 16.38) 0.4 — MV HR, 0.39 (0.02t0 7.88) 04 — HR, 1.28 (0.17 to 9.33)
3 MV# HR, 0.96 (0.47 to 1.94) MVi# HR, 0.75 (0.09 to 6.53) MVa HR, 0.37 (0.01 to 10.33) MV# HR, 0.99 (0.13 to 7.68)
© — — — —
g 02 wt 02 wt 02 wt 02 wt
o — mut — mut — mut — mut
0.0 T T T T T 111 00 LIS s e e s A T T T T 11711 00 T T T T T T 71
012345867829 01234567 89 01234586789 01234567829
Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years)
No. at risk No. at risk No. at risk No. at risk
wt 2,0522,0422,0071,9631,9091,6851,213 720 272 wt 226 225 223 217 206 181 129 68 28 wt 101 98 94 91 91 67 39 16 8 wt 134 128 119 115 112 97 50 27 13
mt ® B2 78 76 75 68 46 25 ot P S A Tt 3 s s 3 8 1 1 1 Tt 5 s s 2 2 2 1
E 5 10 1.0 — 1.0 1.0
>
o R ‘_E‘q_
M 0.8 — 0.8 — 0.8 — 0.8 —
53
§ s 0.6 0.6 - 0.6 0.6 —
| .g logrank P=0.00076 logrank P=0.56 logrank P=0.51 logrank P=0.69
Z > 04 HR, 1.54 (1.2 to 1.99) 0.4 HR, 0.7 (0.31 to 1.89) 0.4 — HR, 0.69 (0.23102.09) 04 HR, 0.88 (0.46 to 1.67)
w iz MV# HR, 1.43 (1.09 to 1.88) MV# HR, 0.3 (0.1 to 0.89) MVa HR, 0.54 (0.16 to 1.83) MV# HR, 1.08 (0.52 to 2.21)
|_ % 029 normal 029 normal 029 normal 024 normal
o o — low — low — low — low
0.0 T T T T T 1711 00 T T T T T T 11 00 T T T T T T 711 00 T T T T T T T
0123456789 01234567839 0123456789 0123458672809
Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years) Time after diagnosis (years)
No. at risk No. at risk No. at risk No. at risk
normal 1,6211,6171,5911,5551,5151,345 969 575 215 normal 172 172 170 165 154 134 95 49 19 normal 74 71 68 65 65 49 29 12 7 normal 64 62 59 57 55 43 28 17 8
Bt

low

Figure EV2.

© The Authors

3 507 494 484 469 408 290 170 65

low

57 57 56 5 49 35 20 10

low

30 30 29 29 20 19 11 5 1

EMBO Molecular Medicine €12118 | 2020

Tow

73 69 63 60 59 56 23 11 5

EV4



EMBO Molecular Medicine Christian Brueffer et al

Figure EV3. Impact of pathway mutations on overall survival across clinical subgroups.

A-E Overall survival of patients with tumors containing mutations in pathways (A) WNT signaling, (B) Hedgehog signaling, (C) cell cycle, (D) p53 independent DNA

EV5

damage repair, and (E) TGFp signaling, stratified by the clinical patient subgroups HoR*/HER2™ (HoR* when ER* and PgR*, HoR™ otherwise; n = 2,134), HoR*/HER2*
(n = 230), HOR™/HER2* (n = 104), and TNBC (n = 137). Specific treatments in these groups are detailed in Table EV4. In each Kaplan—-Meier plot, wild-type (wt)
cases are plotted in blue, mutated (mut) cases are plotted in red, the log-rank P value is given, and the hazard ratio (HR) for mutation is given with a 95% Cl and
after univariable and multivariable (MV) Cox regression adjustment. Covariables included in the MV analysis were age at diagnosis, lymph node status, tumor size,
and the variables denoted by the following symbols: x, ER, PgR, and NHG; #, NHG. ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; NHG,
Nottingham histological grade; PgR, progesterone receptor.
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Figure EV4. Impact of PTEN mutation and expression on overall survival across treatment groups.

A-C Overall survival of patients with tumors containing a (A) PTEN mutation (PTEN-Mut), (B) a PTEN mutation and/or PTEN expression in the lower cohort-quartile
(PTEN-MutExp), or (C) PTEN expression in the lower cohort-quartile (PTEN-Exp) in the clinical patient subgroups HoR*/HER2™ (HoR* when ER* and PgR*, HoR ™
otherwise; n = 2,134), HoR*/HER2* (n = 230), HoR"/HER2" (n = 104), and TNBC (n = 137). Specific treatments in these groups are detailed in Table EV4. In each
Kaplan—Meier plot, wild-type (wt) and normal cases are plotted in blue, mutated (mut) and low cases are plotted in red, the log-rank P value is given, and the
hazard ratio (HR) for mutation/low is given with a 95% C| and after univariable and multivariable (MV) Cox regression adjustment. Covariables included in the MV
analysis were age at diagnosis, lymph node status, tumor size, and the variables denoted by the following symbols: x, ER, PgR, and NHG; #, NHG. ER, estrogen
receptor; HoR, hormone receptor; HER2, human epidermal growth factor receptor 2; NHG, Nottingham histological grade; PgR, progesterone receptor; TNBC, triple-

negative breast cancer.
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Figure EV5. Impact of tumor mutational burden on overall survival across clinical subgroups.

Association of tumor mutational burden (TMB) with overall survival in 3,217 patients, and within the biomarker patient subgroups ER*, ER™, PgR*, PgR~, HER2 amplified, HER2
normal, Ki67-high, Ki67-low, NHG Grade 1-3, HoR*/HER2 ™, HoR*/HER2", HoR"/HER2", TNBC, and molecular subtypes Luminal A and B, HER2-enriched, and basal-like
according to the PAMS0 gene list. In each Kaplan—Meier plot, TMB-low cases are plotted in blue, TMB-high cases are plotted in red, the log-rank P value is given, and the
hazard ratio (HR) for TMB-high is given with a 95% Cl and after univariable and multivariable (MV) Cox regression adjustment. Covariables included in the MV analysis were
age at diagnosis, lymph node status, tumor size, and the variables denoted by the following symbols: q, ER, PgR, HER2, and NHG; *, ER, PgR, HER2; =, ER, PgR, and NHG; $, HER2
and NHG; #, NHG. ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HoR, hormone receptor; NHG, Nottingham histological grade; PgR, progesterone
receptor; TMB, tumor mutational burden; TNBC, triple-negative breast cancer.

© The Authors EMBO Molecular Medicine 121182020  EV8



EMBO Molecular Medicine

Christian Brueffer et al

All Samples ER+ ER- PgR+
5 10 1.0 1.0 1.0 —
2
<
5 08 - 0.8 - 0.8 - 0.8 -
2}
©
9 0.6 — 0.6 — 0.6 — 0.6 —
o logrank P=0.0000033 logrank P=0.00097 logrank P=0.52 logrank P=0.031
S 04 4 HR, 1.54 (1.28 to 1.86) 0.4 - HR, 1.41 (1.15 to 1.74) 0.4 - HR,1.26 (0.6310252) 0.4 — HR, 1.28 (1.02 to 1.59)
% MV HR, 1.16 (0.93 to 1.45) MV$ HR, 1.22 (0.98 to 1.53) MVS$ HR, 1.02 (0.48 to 2.18) MV$ HR, 1.16 (0.91 to 1.48)
% 02 94— jow 02 4 o 02 4 o 02 4 jow
& —— high —— high —— high —— high
OFT T 77 TT771 0T T T 771 1T 177711 OFTTT7 717771 177711 O0OT T T 17T 7717717717711
01234567289 0123456789 0123 4586789 0123456789
No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years)
low 1,608 1,600 1,573 1,543 1,504 1,289 926 574 239 low 1,515 1,508 1,487 1,462 1,424 1,226 882 544 225 low 55 54 51 49 48 35 18 11 6 low 1,405 1,398 1,379 1,356 1,320 1,133 810 492 197
igh 11609 1,589 1,543 11467 114381206 867 499 182 high 127112601201 11931154 961 695 993 138 high 78 172 163 157 155 127 73 %2 12 hgh 11104 1,099 1,076 1,042 1,009 643 605 333 112
PgR- HER2+ HER2- Ki67-high
— 1.0 1.0 - 1.0 — 1.0 —
.g ‘E %
<
3 08+ 0.8 - 0.8 - 0.8 —
T
g 06 0.6 - 0.6 0.6
o logrank P=0.096 logrank P=0.073 logrank P=0.000024 logrank P=0.0064
° 04 HR, 1.58 (0.92102.73) 0.4 - HR,1.72 (0.94103.12) 0.4 — HR,1.53(125t01.86) 0.4 —| HR, 1.76 (1.17 to 2.65)
£ MV$ HR, 1.21 (0.67 to 2.18) MVa HR, 1.34 (0.63 to 2.86) MVo HR, 1.13 (0.89 to 1.43) MVY HR, 1.53 (0.93 to 2.54)
e
S 02+ 02 4 o 02 9 o 02 4 jow
2 — high —— high — high — high
OOT—T T 7T T 7177711 O0OT T 7 T 7T 17 771711 00T T T 1T T 1T 1T 1 11 00 T T T T T 1
01234586789 012345867289 0123 45¢67 89 01 2 3 4 5 6 7
No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No.at risleme after diagnosis (years)
low 102 101 97 94 91 70 36 22 11 low 138 138 134 132 128 111 81 52 26 low 1,389 1,382 1,359 1,333 1,299 1,165 839 518 213 low 362 358 351 344 336 243 73
high 277 266 254 246 242 187 108 53 18 high 276 272 267 257 246 207 151 79 35 high 1,262 1,246 1,206 1,162 1,126 980 705 418 147 high 525 514 493 481 466 333 123
Ki67-low NHG G1 NHG G2 NHG G3
— 1.0 7 1.0 - 1.0 1.0
lg \r \‘_
>
; 0.8 0.8 0.8 0.8
T
s 06 - 0.6 0.6 0.6
5 logrank P=0.83 logrank P=0.022 logrank P=0.0078 logrank P=0.0055
“i 0.4 - HR,0.94 (05310 1.67) 0.4 —| HR,0.38 (0.16t00.9) 0.4 — HR,1.46 (1.1101.94) 0.4 - HR, 1.53 (1.13 t0 2.07)
£ MV{ HR, 0.89 (0.48 to 1.66) MVA HR, 0.47 (0.19 to 1.13) MVA HR, 1.19 (0.87 to 1.64) MVA HR, 1.38 (0.94 to 2)
Qo
] 02 — jow 02 9 — jow 02 1 — jow 02 9 — jow
E — high — high — high — high
OF—T T T 1T T 7771 0T T T 7 1T 71711 OFT7TT1T 1T 77 1T 7171 O0OT T 1T 1T T 71T 71T T 711
01 2 3 45 6 7 8 01234586789 0123 45¢67 89 0123456789
No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years)
iow a2 ast 383 380 a6 276 105 2 low %0 a9 @0 817 G090 276 200 124 44 low W8 675 867 853 833 704 508 328 138 low G0 a75 963 354 343 206 213 126 57
nigh 25 235 232 23 225 161 69 igh T54 154 153 151 150 131 99 54 24 hgh 631 625 607 594 576 483 344 199 68 high 781 768 742 702 674 568 411 244 90
HoR+/HER2- HoR+/HER2+ HoR-/HER2+ TNBC
5 107 1.0 1.0 1.0 —
2 i l:I—‘:
<
3 08— 0.8 - 0.8 - 0.8 -
T
§ 0.6 — 0.6 — 0.6 — 0.6 —
) logrank P=0.12 logrank P=0.054 logrank P=0.99 logrank P=0.34
g 0.4 - HR, 1.21 (0.95 to 1.53) 0.4 - HR, 2.27 (0.96 to 5.34) 0.4 - HR, 1.01 (0.33103.06) 0.4 - HR, 1.58 (0.62 to 4.06)
£ MV# HR, 1.12 (0.87 to 1.45) MV# HR, 1.56 (0.6 to 4.04) MVa HR, 1.04 (0.24 to 4.43) MV# HR, 1.42 (0.48 to 4.16)
o
S 0244 02 4 o 02 4 o 02 94— jow
5_‘-’ —— high —— high — high —— high
OFT T 77 1TT7T7711 0T 7TT 7T T 77T 7171 OFT T 7T 7 7717711 O0OT 7T T 1T 1T 7T 1T 17711
0123456789 0123 4567 89 012 3 456 7829 0123456789
NO_amsleme after diagnosis (years) No_amskﬂme after diagnosis (years) No. at risk Time after diagnosis (years) NO_mrisleme after diagnosis (years)
low 1,2311,2251,208 1,187 1,156 1,034 745 455 181 low 9% 9 94 93 89 81 57 34 16 low 23 28 22 21 21 13 9 6 4 low 27 26 24 23 22 20 8 5 3
igh %03 699 677 52 28 719 514 200 9 high 18 133 133 128 121 102 73 %5 13 hgh 8 78 75 73 73 5 31 11 4 hoh o 105 98 94 9 79 43 23 10
PAMS50 Luminal A PAMS50 Luminal B PAM50 HER2-enriched PAM50 Basal-like
— 1.0 1.0 - 1.0 — 1.0 —
3 \_{
2
3 08 0.8 - 0.8 - 0.8 -
T
s 06 — 0.6 - 0.6 - 0.6
5 logrank P=0.67 logrank P=0.0064 logrank P=0.53 logrank P=0.7
S 04 HR, 093 (0.67t01.3) 0.4 - HR, 158 (1.13t102.21) 0.4 - HR, 1.23(0.64t02.37) 0.4 — HR, 0.9 (0.53 to 1.52)
= MV# HR, 0.94 (0.66 to 1.33) MV# HR, 1.44 (1.01 to 2.07) MVa HR, 0.83 (0.31 to 2.21) MV HR, 0.58 (0.27 to 1.24)
Qo
8 02— o 02 o4 jow 02 4 — jow 02 94— jow
E —— high —— high — high —— high
OOT—T T T T T 17T 711 OFT T 7 1T T 7 1T 7T 711 0O0OT T 7T T 7 1T 7T 17711 O T T 1T 1T T 17T 1711
01234567829 01234567829 012345867829 0123456789
No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years) No. at risk Time after diagnosis (years)
ow 973 970 957 943 916 791 562 355 142 low Q93 391 a85 G790 71 314 206 12 63 low 57 56 55 51 50 41 3 2 15 low 67 65 59 54 53 42 28 1 7
high 572 571 562 553 539 465 333 192 69 high 506 501 484 468 450 369 274 150 51 high 222 218 212 199 188 158 115 64 25 high 251 242 229 214 208 177 119 75 30

Figure EV5.

EVO

EMBO Molecular Medicine €12118 | 2020

© The Authors



