Extended Data

Gene N Total events p-value Lean (%) Overweight (%) p-value Lean (%)
AKTT
Model1 392 18 —a— 0.773 7(4.58%) 5 (3.65%) —— 0715 7 (4.58%)
Model 2 386 17 —— 0.691 6(4.03%) 5(3.7%) —— 0.937 6 (4.03%)
ARID1A
Model1 392 20 —a— 0.444 7(4.58%)  6(4.38%) —— 0.931 7 (4.58%)
Model2 386 20 —a— 0535 T@T%)  6(4.44%) —-— 0.918 7 (4.T%)
CBFB
Model 1 392 16 —a— 0.209 5(3.27%) 5 (3.65%) —— 0.851 5(3.27%)
Model2 386 15 —a— 0171 4(288%) 5(37%) —— 0.651 4(2.88%)
CDH1
Model 1 392 10 —&— 0.002 3(1.96%)  2(1.48%) —a— 0.776 3(1.96%)
Model 2 386 10 —— 0.002* 3(2.01%)  2(1.48%) —a— 0.754 3(2.01%)
CTCF
Model1 392 5 —&— 0416 1(0.65%) 2 (1.46%) —a— 0.534 1 (0.65%)
Model2 386 5 —8— 0407 1(0.67%)  2(1.48%) — 0.575 1(0.67%)
ERBB2
Model 1 392 13 —— 0.968 5(3.27%)  5(3.65%) —— 0.855 5(3.27%)
Model 2 386 13 —a— 095 5(3.36%) 5(3.7%) —a— 0.866 5 (3.36%)
ERBB3
Model 1 392 8 — 0.533 2(1.31%) 2 (1.46%) —a— 0.881 2(1.31%)
Model2 386 8 —_— 0.445 2(1.34%)  2(1.48%) —— 0.902 2(1.34%)
GATA3
Model1 392 36 —— 0.748 14(9.15%) 11 (8.03%) - 0.707 14 (9.15%)
Model2 386 35 —— 0.601 13(8.72%) 11(8.15%) —- 0.826 13 (8.72%)
KDMGA
Model1 392 5 —_— 0.908 2(1.31%) 2 (1.46%) —a— 0.897 2(1.31%)
Model 2 386 5 —_— 0.930 2(1.34%)  2(1.48%) — 0.938 2 (1.34%)
MAP2K4
Model1 392 1 —a— 0.409 3(1.96%)  3(2.19%) —a— 0.895 3(1.96%)
Model 2 386 1 —— 0.501 3(2.01%) 3(2.22%) —.— 0.920 3(2.01%)
MAP3K1
Model 1 392 24 —a— 0.233 12(7.84%) 9(6.57%) — 0.680 12 (7.84%)
Model2 386 23 —— 0.126 12(8.05%) & (5.93%) —— 0.541 12 (8.05%)
NCOR1
Model1 392 8 —_— . 0929 5(3.27%)  1(0.73%) —a— 0.160 5(3.27%)
Model 2 386 8 —a— 0.901 5(3.36%)  1(0.74%) —— 0.175 5 (3.36%)
NF1
Model1 392 10 —— 0.083 5(3.27%)  4(2.92%) —a— 0.908 5(3.27%)
Model2 386 10 ——— 0.075 5(3.36%) 4 (2.96%) —a— 0.920 5(3.36%)
NOTCH1
Model 1 392 6 —a— 0.352 2(1.31%)  1(0.73%) —— 0.688 2(1.31%)
Model2 386 6 —8— 0326 2(1.34%)  1(0.74%) —a— 0.666 2 (1.34%)
PIK3CA
Model1 392 163 - 0.125 70 (45.75%) 53 (43.07%) - 0.679 70 (45.75%)
Model2 386 161 - 0.117 60 (46.31%) 58 (42.96%) - 0.570 69 (46.31%)
PIK3RT
Model 1 392 6 — 0.451 3(1.96%)  2(1.46%) —a— 0.776 3(1.96%)
Model2 386 6 — . 0.426 3(201%)  2(1.48%) —a— 0.750 3(2.01%)
PTEN
Model1 392 14 —a— 0.888 3(1.96%) B (5.84%) —— 0.091 3(1.96%)
Model 2 386 13 —a— 0.982 2(1.34%)  B(593%) —— 0.034* 2(1.34%)
RB1
Model 1 392 6 —_— 0819 3(1.96%) 1(0.73%) —a— 0436 3 (1.96%)
Model 2 386 6 —— 0.916 3(2.01%)  1(0.74%) —a 0.454 3(2.01%)
RUNXT
Model 1 392 6 —#— 02582 1(0.65%) 2(1.46%) —— 0.529 1(0.85%)
Model2 386 6 —8— 0297 1(0.67%)  2(1.48%) —a— 0.534 1 (0.67%)
SF3B1
Model1 392 12 —a— 0.849 5(3.27%)  5(3.65%) —— 0.861 5(3.27%)
Model2 386 12 — . 0713 5(3.36%) 5(37%) —— 0.848 5(3.36%)
TBX3
Model1 392 12 —&— 0003 1(0.65%)  3(2.19%) —&— 0303 1 (0.85%)
Model2 386 12 —&—  0.005" 1(0.87%)  3(2.22%) —8— 029 1(0.67%)
P53
Model1 392 73 —a— 0.116 35 (22.88%) 24 (17.52%) - 0.271 35 (22.88%)
Model2 386 7 —— 0232 33 (22.15%) 24 (17.78%) - 0.377 33 (22.15%)
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Extended Data Figure 1. Association of BMI as a categorical variable with oncogenic mutations of breast

cancer-specific driver genes in NST ER+/HER2- patients. Forest plots showing the association between

BMI, as a categorical variable (overweight vs lean, and obese vs lean), and driver gene mutations. Merged

data from two cohorts, METABRIC and ICGC, was used. Gene mutations with at least 5 events detected in

the respective cohorts were evaluated.
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Extended Data Figure 2. Association of BMI with oncogenic mutations of breast cancer-specific driver

genes in NST ER-/HER2- patients. Forest plots showing the association between BMI, as a categorical

variable (overweight vs lean, and obese vs lean), and driver gene mutations. Merged data from two

cohorts, METABRIC and ICGC, was used. Gene mutations with at least 5 events detected in the respective

cohorts were evaluated.



Gene N Total events p-value Lean (%)  Overweight (%) p-value  Lean (%) Obese (%) p-value

AKT1
Model 1 339 15 —_— 0.447 1(621%)  2(2.11%) —— 0.248 1(521%) 2 (6.06%) —a— 0.663
Model2 338 15 — 0.379 11(524%)  2(2.11%) —a— 0.228 11(5.24%) 2 (6.06%) —a— 0.760

ARID1A
Model 1 339 23 —a— 0.131 14 (6.64%) 3 (3.16%) —— 0.249 14 (6.64%)  6(18.18%) —— 0.033*
Model2 338 23 —— 0.211 14 (6.67%) 3 (3.16%) —a— 0.164 14 (6.67%)  6(18.18%) —a— 0.056

BRCAZ?

Model 1 339 6 - 0.180 6(284%)  0(0%) —— 0.117 6(284%)  0(0%) —— 0573
Madel 2 338 6 —— 0.280 6 (2.86%) 0 (0%) —— 0.150 6 (2.86%) 0 (0%) — 0.746

CDHT
Model 1 339 203 —a— 0.250 130 (61.61%) 52 (54.74%) - 0.257 130 (61.61%) 21 (63.64%) - 0.851
Model2 338 202 —— 0.236 129 (61.43%) 52 (54.74%) - 0.272 129 (61.43%) 21 (63.64%) - 0.883

CDKN1B
Model 1 339 5 A 0.214 4(1.9%) 0(0%) - 0.256 4(1.9%) 1(3.03%) —a 0.481
Model2 338 5 - 0.176 4(1.9%) 0(0%) —— 0.196 4(1.9%) 1(3.03%) —— 0.429

ERBB2
Model 1 339 14 —a 0.456 7(3.32%)  4(4.21%) —— 0634 7(3.32%)  3(9.09%) —a— 0.116
Model2 338 14 —— 0.946 7(3.33%) 4(4.21%) —a— 0.761 7(3.33%) 3(9.09%) —a— 0210

ERBB3
Model 1 339 12 —a 0.501 B(3.79%)  4(4.21%) —— 0.786 8(3.79%)  0(0%) — 0.415
Model2 338 12 — 0.362 8(381%)  4(4.21%) —-— 0.869 8(3.81%)  0(0%) —a— 0.328

FOXAT
Model 1 339 23 —a— 0.708 16 (7.58%) 3 (3.16%) —a— 0.151 16 (7.58%)  4(12.12%) —— 0.319
Model2 338 23 —a— 0713 16 (7.62%) 3 (3.16%) —a— 0.150 16 (7.62%)  4(12.12%) —a— 0.330

GATA3Z
Model 1 339 21 — 0.450 15(7.1%)  5(5.26%) —a— 0.605 15(7.11%)  1(3.03%) —a 0513
Model2 338 21 — 0.585 15(7.14%) 5 (5.26%) —— 0672 15(7.14%)  1(3.03%) —a— 0.605

MAP3K1
Model 1 339 18 —a— 0.753 13(6.16%) 3 (3.16%) —a— 0315 13(6.16%) 2 (6.06%) —a— 0.832
Model2 338 18 —a 0.939 13(6.19%) 3 (3.16%) —— 0.182 13(6.19%) 2 (6.06%) —a— 0.932

PIK3CA
Model 1 339 134 —— 0.159 91(43.13%) 34 (35.79%) - 0.230 91(43.13%)  9(27.27%) - 0.088
Model2 338 133 —— 0.110 90 (42.86%) 34 (35.79%) - 0.206 90 (42.86%) 9 (27.27%) — 0.081

PTEN
Model 1 339 13 — 0.400 10 (4.74%)  1(1.05%) —a— 0.123 10 (4.74%) 2 (6.06%) —a— 0.579
Model2 338 13 —_—— 0.680 10 (4.76%)  1(1.05%) —a 0.211 10 (4.76%) 2 (6.06%) —a— 0.418

RUNXT
Model 1 339 10 - 0.054 10 (4.74%)  0(0%) i 0.024* 10 (4.74%)  0(0%) —a— 0.301
Model2 338 10 -— 0.051 10 (4.76%)  0(0%) —— 0.023* 10 (4.76%)  0(0%) —— 0.274

SF3B1
Model 1 339 5 — 0.657 3(1.42%)  2(2.11%) —a— 0.584 3(142%)  0(0%) —_—. 0.938
Model 2 338 5 —@— 0835 3(1.43%) 2 (2.11%) —a— 0.329 3 (1.43%) 0 (0%) — 0.845

TBX3
Model 1 339 43 —.— 0.108 24 (11.37%) 10 (10.53%) - 0.874 24 (11.37%) 9 (27.27%) - 0.018"
Model2 338 42 —a— 0.154 23(10.95%) 10 (10.53%) - 0813 23 (10.95%) 9 (27.27%) = 0.027

TP53
Model 1 339 18 ——— 0.032* 14 (8.64%) 4 (4.21%) —— 0.456 14 (6.64%)  0(0%) —— 0.158
Model2 338 18 — 0.005* 14 (6.67%)  4(4.21%) —— 0.119 14 (6.67%)  0(0%) —a— 0.114

USPIX
Model 1 339 7 —_—a— 0.887 4(1.9%) 2(2.11%) —.— 0.795 4(1.9%) 1(3.08%) — 0.461
Model2 338 7 —&— 06863 4(1.9%) 2(2.11%) —a— 0.682 4(1.8%) 1(3.03%) —a 0.329
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Extended Data Figure 3. Association of BMI with oncogenic mutations of breast cancer-specific driver
genes in ILC ER+/HER2- patients. Forest plots showing the association between BMI, as a categorical
variable (overweight vs lean, and obese vs lean), and driver gene mutations. Data from the ELBC cohort

was used. Gene mutations with at least 5 events detected in the respective cohorts were evaluated.
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Extended Data Figure 4. Association of BMI with the age-associated mutational signature (Signature.1)
in patients with NST ER+/HER2- in different age groups, >50 (a-c) and <50 years (d-f), from the ICGC
cohort. (a-b, d-e) Violin plots showing the contribution in absolute count (left) and relative percentage
(right) of the mutational signature 1 (MS1) (a, d) and the sequence context N[C>T]G (b, e) according to
BMI categories. The p-values were derived from linear regressions adjusted for age (continuous) and
tumor grade. (c, f) Bar plots presenting the number of oncogenic mutations occurring in BC-specific driver
genes in each tumor. The count of mutations having the sequence context N[C>T]G is highlighted in bold

colors. Each bar represents a tumor.
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Extended Data Figure 5. Gene set enrichment analysis (GSEA) on Gene Ontology biological process
(GOBP) gene sets of cancer cells from obese versus lean patients with NST ER+/HER2- from the BioKey
cohort. Lollipop plots displaying top 20 upregulated (sorted by g-value, NES > 0) and top 20 downregulated
(NES < 0) GOBP gene sets according to BMI category (obese vs lean) detected by GSEA (g-value < 0.1).
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Extended Data Figure 6. GSEA on REACTOME gene sets of cancer cells from obese versus lean patients
with NST ER+/HER2- from the BioKey cohort. Lollipop plots displaying top 20 upregulated (sorted by g-
value, NES > 0) and top 20 downregulated (NES < 0) REACTOME gene sets according to BMI category (obese

vs lean) detected by GSEA (g-value < 0.1).
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Extended Data Figure 7. GSEA on GOBP gene sets of cancer cells from obese versus lean patients with
NST ER-/HER2- from the BioKey cohort. Lollipop plots displaying top 20 upregulated (sorted by g-value,
NES > 0) and top 20 downregulated (NES < 0) GOBP gene sets according to BMI category (obese vs lean)
detected by GSEA (g-value < 0.1).
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Extended Data Figure 8. Gene set enrichment analysis on REACTOME gene sets of cancer cells from
obese versus lean patients with NST ER-/HER2- from the BioKey cohort. Lollipop plots displaying top 20
upregulated (sorted by g-value, NES > 0) and top 20 downregulated (NES < 0) REACTOME gene sets
according to BMI category (obese vs lean) detected by GSEA (g-value < 0.1).
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Extended Data Figure 9. Total intercellular interactions in tumors from lean and obese patients in the

BioKey cohort. (a-b) Sum of signaling interactions in terms of number and strength inferred by CellChat in
NST ER+/HER2- (a) and NST ER-/HER2- (b) tumors from lean and obese patients.



