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Supplementary Figure 1. Summary of samples used in the study. (A) shWGS
was performed on 246 plasma samples from 207 patients with advanced
HR+/HER2-negative breast cancer, HER2+ breast cancer, and TNBC. (B)
Description of samples with TF>3%.
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Supplementary Figure 2. Correlation between tumor fraction (TF) and number
of altered segments. Relationship between TF and number of altered DNA
segments detected across 246 plasma ctDNA samples before (p=2.16e-34) (left)
and after (p=1.39e-07) (right) adjusting the DNA copy-number signal by TF and
ploidy using the ichorCNA tool. Correlation coefficients (Cor) and p-values were
determined by Pearson correlation. Source data are provided as a Source Data file.
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Supplementary Figure 3. Plasma and tissue DNA-based profiles. (A) Example of
a copy number alterations (CNA) plot of a plasma sample with TF<3% (B) Example

of CNA plots of matched timepoint plasma and tissue samples of a HR+/HER2-

negative tumour, PAM50 luminal A and high luminal signature score.
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Supplementary Figure 4. Tumor DNA RB-LOH signature relationship with the
PAMS50 intrinsic subtypes and proliferation score in the METABRIC cohort. (A)
ANOVA plot of the DNA RB-LOH signature scores across the 4 PAM50 intrinsic
subtypes (n=1,517 tumor samples) (p=9.58e-190). (B) ANOVA plot of the PAM50
RNA-based proliferation score across HR+/HER2-negative 1,131 tumor samples
with low, medium, and high DNA RB-LOH signature scores (defined based on
tertiles) (p=4.2e-58). P-values (p) were determined by one-way ANOVA. For the
boxplots, center line indicates median; box limits indicate upper and lower quatrtiles;
whiskers indicate 1.5x interquartile range. Source data are provided as a Source
Data file.
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Supplementary Figure 5. Correlation between 150 ctDNA-based signatures and
the expression of 771 genes. Unsupervised cluster heatmap analysis of 150
correlation coefficients obtained by comparing the scores of each individual ctDNA-
based signature versus the log2 values of the mRNA expression of each of the 771
genes. Source data are provided as a Source Data file.
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Supplementary Figure 6. Association of 150 ctDNA-based signatures with ER
and HER2 expression in 177 paired ctDNA and tumor samples. Volcano plots
illustrating the logistic regression analysis of each ctDNA-based signature score with
(A) ER (positive or negative) status and (B) HER2 (positive or negative) status.
Significant scores associated with ER/HER2-positive tumours were orange-coloured
while significant scores associated with ER/HER2-negative tumours were cyan-
coloured. Odds ratios and p-values were determined by univariate logistic regression
analysis. Source data are provided as a Source Data file.
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Supplementary Figure 7. Association of TF with PFS and OS in patients with
advanced HR+/HER2-negative breast cancer treated with endocrine therapy
and CDK4/6 inhibitors. Kaplan-Meier curve of PFS and OS of TF in 124 patients of
(A) CDK-Validation-1 cohort and (B) in 245 patients of CDK-Validation-1 and CDK-
Validation-2 cohorts combined. P-values (p) were determined by Log Rank Test.
Source data are provided as a Source Data file.
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Supplementary Figure 8. Association clinical variables with PFS and OS in 87
patients with advanced HR+/HER2-negative breast cancer treated with
endocrine therapy and CDK4/6 inhibitors. Forest plots of hazard ratios (HRs) for
PFS (left) and OS (right) of clinical variables in patients of CDK-Validation-1. Data
are presented as the hazard ratios with error bars showing 95% confidence intervals.
Source data are provided as a Source Data file.
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Supplementary Figure 9. Association of tumor ctDNA-based signatures with
clinical outcome in 52 patients with advanced HR+/HER2-negative breast
cancer treated with endocrine therapy and a CDK4/6 inhibitor in the first-line
setting of the CDK-Validation-1 cohort. (A) Volcano plots illustrating the univariate
Cox regression analysis of each ctDNA-based signature score (as a continuous
variable) with PFS (left) and OS (right). In the volcano plots, significant scores
associated with worse survival were orange-colored while significant scores
associated with better survival were cyan-colored. Cox models for PFS and OS were
used to test the prognostic significance of each variable. Source data are provided in
Supplementary Data 7. (B) Kaplan-Meier curves of PFS (p=0.00068) (left) and OS
(p=0.00038) (right) of the RB-LOH ctDNA-based signature using tertiles as groups.
P-values (p) were determined by Log Rank Test and univariate Cox models. Source
data are provided as Source Data.
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Supplementary Figure 10. Correlation of the 48 main feature weights of the
original tissue-based DNA RB-LOH signature and plasma-based DNA RB-LOH
signature. Correlation coefficient (Cor) and p-value (p=6.7e-09) were determined by
Pearson correlation.
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Supplementary Figure 11. Association of tumor DNA-based sighatures with
clinical outcome in 63 patients with advanced HR+/HER2-negative breast
cancer treated with endocrine therapy and CDK4/6 inhibitors. (A) Volcano plots
illustrating the univariate Cox regression analysis of each tumor DNA-based
signature score (as a continuous variable) with PFS (left) and OS (right). In the
volcano plot, significant scores associated with worse survival were orange-coloured
while significant scores associated with better survival were cyan-coloured. Cox
models for PFS and OS were used to test the prognostic significance of each
variable. Source data are provided as Source Data. (B) Kaplan-Meier curves of PFS
(left) and OS (right) of the RB-LOH tumor DNA-based signature using tertiles. P-
values (p) were determined by Log Rank Test and univariate Cox models. Source
data are provided as Source Data.
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Supplementary Figure 12. Clinical outcome according to ctDNA-based RB-LOH
signature and the signal from the ctDNA segment 13g14.2 in advanced
HR+/HER2-negative breast cancer treated with endocrine therapy and a
CDK4/6 inhibitor. Forest plots of hazard ratios for PFS (left) and OS (right) of the
ctDNA-based RB-LOH signature and the signal from the DNA segment 13g14.2 in
87 plasma samples in univariate and bivariate Cox models. Data are presented as
the hazard ratios with error bars showing 95% confidence intervals. Source data are
provided as Source Data.
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Supplementary Figure 13. Association of ctDNA-based signatures with PFS in
patients with advanced HR+/HER2-negative breast cancer treated with
endocrine therapy and CDK4/6 inhibitors of a second validation cohort. (A)
Volcano plot illustrating the univariate Cox regression analysis of each tumor DNA-
based signature score (as a continuous variable) with PFS in 65 patients of the
second validation cohort. In the volcano plot, significant scores associated with
worse survival were orange-colored while significant scores associated with better
survival were cyan-colored. Cox models for PFS and OS were used to test the
prognostic significance of each variable. (B) Kaplan-Meier curves of PFS of the RB-
LOH ctDNA-based signature using the pre-specified RB-LOH signature cutoffs in the
second validation cohort of 65 patients. (C) Kaplan-Meier curves of PFS of the RB-
LOH ctDNA-based signature using the pre-specified RB-LOH signature cutoffs in a
combined dataset of 152 patients of both CDK-Validation-1 and CDK-Validation-2
(Log Rank p=0.0006). (D) Kaplan-Meier curves of OS of the RB-LOH ctDNA-based
signature using the pre-specified RB-LOH signature cutoffs in a combined dataset of
152 patients of both CDK-Validation-1 and CDK-Validation-2. P-values (p) were
determined by Log Rank Test. Source data are provided as Source Data.
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Supplementary Figure 14. Association of tumor DNA-based signatures with
PFS in 381 patients with advanced HR+/HER2-negative breast cancer treated
with endocrine therapy and CDK4/6 inhibitors of the MSKCC cohort. (A)
Volcano plot illustrating the univariate Cox regression analysis of each tumor DNA-
based signature score (as a continuous variable) with PFS. In the volcano plot,
significant scores associated with worse survival were orange-colored while
significant scores associated with better survival were cyan-colored. Cox models for
PFS and OS were used to test the prognostic significance of each variable. (B)
Kaplan-Meier curves of PFS of the RB-LOH tumor DNA-based signature using
guartiles (Q1: lowest quartile — Q4: highest quartile) in 381 patients with advanced
HR+/HER2-negative breast cancer treated with endocrine therapy and CDK4/6
inhibitors. (C) Kaplan-Meier curves of PFS of the RB-LOH tumor DNA-based
signature assessed in 223 patients with tumor biopsies taken less than 1 year before
the start of treatment with CDK4/6 inhibitors (Q1: lowest quartile — Q4: highest
guartile). (D) Kaplan-Meier curves of PFS of the RB-LOH tumor DNA-based
signature assessed in 158 patients with tumor biopsies taken more than 1 year
before the start of treatment with CDK4/6 inhibitors (Q1: lowest quartile — Q4:
highest quartile). P-values (p) were determined by Log Rank Test. Source data are
provided as Source Data.
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Supplementary Figure 15. PAM50 signatures determined in paired FFPE tumor
samples before and after treatment with endocrine therapy and CDK4/6
inhibitors. PAM50 RNA-based signatures at baseline and progressive disease to
treatment with endocrine therapy and CDK4/6 inhibitors in 18 paired samples. P-
values (p) were determined by a two tailed Student’s t-test. Source data are
provided as Source Data.
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Supplementary Figure 16. Unsupervised classification identified 4 main
clusters with a minimum of 28 samples in each cluster. Consensus matrix for k =
8 obtained by applying consensus clustering. The colour gradients represent the
degree of consensus from 0 to 1, with white corresponding to 0 and blue to 1.
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Supplementary Figure 17. ctDNA-based tumor profiles in plasma samples of
the Plasma-2 cohort. Unsupervised cluster analysis of 192 plasma samples
(columns) of patients with advanced breast cancer and the 150 DNA-based
signatures scores (rows). Orange and violet colors represent scores above and
below the median value of the signature across the dataset. Below the array tree, the
4 clusters are show. Source data are provided as Source Data.
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Supplementary Figure 18. Representative heatmap of chromosomic regions
associated with each cluster. Differentially represented segments were determined

using quantitative SAM analysis (FDR<5%).
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Supplementary Figure 19. TF fraction across clusters. Boxplot representing TF
across clusters (p=2.19e-05) in 141 samples with TF>3%. P-values (p) were
determined by one-way ANOVA. For the boxplots, center line indicates median; box
limits indicate upper and lower quartiles; whiskers indicate 1.5x interquartile range.
Source data are provided as a Source Data file.
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Supplementary Figure 20. Distribution of IHC and PAMS50 subtypes in each
cluster. Fisher’'s exact test determined statistical significance of distribution of IHC
(p=5.97e-06) (A) and PAM50 (p=0.021) (B) subtypes in each cluster. Source data
are provided as a Source Data file.
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Supplementary Figure 21. RB-LOH signature score in cluster 3. RB-LOH
signature score in cluster 3 (n=16) versus the other clusters (n=125) (p=2.05e-14).
P-value (p) was determined by two-tailed unpaired t-test. For the boxplots, center
line indicates median; box limits indicate upper and lower quartiles; whiskers indicate
1.5x interquartile range. Source data are provided as a Source Data file.
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Supplementary Figure 22. DNA-based tumor profiles in tissue samples and
association with clinical outcome in the MSKCC publicly available dataset. (A)
Unsupervised cluster analysis of 381 tumor samples (columns) of patients with
advanced HR+/HER2- breast cancer treated with a CDK4/6 inhibitor and endocrine
therapy from the MSKCC dataset and the 150 DNA-based signatures scores (rows).
Orange and violet colors represent scores above and below the median value of the
signature across the dataset. Below the array tree, the 4 clusters are shown (B)
Kaplan-Meier curves of PFS (left) and OS (right) of the 4 DNA-based clusters
assessed in 381 tumor samples of patients with advanced HR+/HER2- breast cancer
treated with a CDK4/6 inhibitor and endocrine therapy from the MSKCC dataset; (C)
Kaplan-Meier curves of PFS of the 4 DNA-based clusters assessed in 223 patients
with tumor biopsies taken less than 1 year before the start of treatment with CDK4/6
inhibitors (Q1: lowest quartile — Q4: highest quartile); (D) Kaplan-Meier curves of the
4 DNA-based clusters assessed in 158 patients with tumor biopsies taken more than
1 year before the start of treatment with CDK4/6 inhibitors (Q1: lowest quartile — Q4:
highest quartile). P-values (p) were determined by Log Rank Test. Source data are
provided as Source Data.
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Supplementary Figure 23. Association of DNA-based tumor profiles and
clusters in primary and metastatic tissue samples. (A) Unsupervised hierarchical
clustering of 150 DNA-based signatures across 158 tumor tissue samples (n=63
primary tumors and 89 metastatic tumors). (B) Proportion of cases in each cluster
based on tissue-type (primary versus metastatic). Cluster 1. 47.6% in primary vs.
27.0% in metastatic (p-value=0.0103). P-value (p) was determined by Fisher’s exact
test. Source data are provided as a Source Data file.
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Supplementary Figure 24. RB-LOH signature score using different coverage in
11 samples with TF>3%. Source data are provided as a Source Data file.
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Supplementary Figure 25. RB-LOH signature score in 7 samples that have
been in-silico diluted to TFs of 50%, 20%, 10%, 5% and 1% (coverage 0.5X).

Source data are provided as a Source Data file.
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Supplementary Figure 26. PFS hazard ratio and p-value according to the
random elimination, for 500 times, of 20, 40, 80 and 160 segments of the 224
segments of the RB-LOH signature. This analysis was carried out in the plasma
samples of the 152 patients included in the CDK-Validation-1 and CDK-Validation-2
cohorts. P-values (p) were determined by one-way ANOVA. For the boxplots, center
line indicates median; box limits indicate upper and lower quartiles; whiskers indicate
1.5x interquartile range. Source data are provided as a Source Data file.
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