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Included for analyses

Pts with PDOs

Pts with multiple PDOs

n = 102, 213 PDOs

n = 65 spatial (161 PDOs)

DSRT (47 Drug library 2)
n = 55 Pts, 116 PDOs

DSRT (24 overlapping drugs)
n = 102 Pts, 211 PDOs

DSRT (41 Drug library 1)*
n = 59 Pts, 117 PDOs

Gene expression dataset
HTA 2.0 microarrays**
-119 PDOs from 50 Pts
-54 CRLMs from 23 Pts
RNAseq
-92 PDOs from 52 Pts
Overlapping
- 5 PDOs from 2 Pts

NGS (20 Genes)
n = 102 Pts, 150 PDOs
n = 56 Pts, 74 CRLMs

IHC (14 Protein markers)
n = 67 Pts, 136 PDOs

n = 8 longitudinal (36 CRLMs)

n = 132 patients, 346 samples

Pts with multiple CRLMs
n = 113 spatial (322 CRLMs)

n = 6 longitudinal (24 PDOs)

n = 3 longitudinal (15 PDOs)
n = 39 spatial (108 PDOs)

**partially published in Bruun et al., Clin Cancer Res 26: 4107-4119 
(2020) and Kryeziu et al., J Transl Med 19: 384 (2021) - 39 PDOs 
(22 Patients) and 18 CRLMs (12 Patients).
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*partially published in Bruun et al., Clin Cancer Res 26: 4107-4119 
(2020) and Kryeziu et al., J Transl Med 19: 384 (2021) - 51PDOs 
(24 Patients).
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&
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Supplementary Figure. 1. Overview of the samples and methods used in the study. Pts - patients, 
PDO - patient-derived organoid, CRLM - colorectal liver metastasis, DSRT - drug sensitivity and 
resistance testing, HTA - Human Transcriptome Array, RNAseq - RNA sequencing, NGS - next-generati-
on sequencing, IHC - immunohistochemistry.
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Supplementary Figure. 2. Radiological responses to neoadjuvant systemic therapy and ex vivo 
sensitivities to the correspond drug(s). a. Lesion-wise radiological response to neoadjuvant chemo-
therapy relative to ex vivo sensitivity for the corresponding agent(s) in the corresponding PDOs. The 
radiological measurements are given as % size change (in mm) relative to baseline, that is, 0 indicates 
no change, below 0 indicates reduction of tumor size (treatment response), and above 0 indicates 
increase of tumor size (progression on treatment). Ex vivo sensitivities were measured as drug sensitivi-
ty scores (DSS) for the corresponding single agents (a) or combinations (b). In (a), DSS for SN-38 was 
used for comparison in lesions treated with FLIRI/FOLFIRI +/- bevacizumab or anti-EGFR antibodies 
(n=56), DSS for oxaliplatin was used for FLOX/FOLFOX +/- bevacizumab or anti-EGFR antibodies, 
(n=39) and DSS for 5-FU was used for FLV (n=2). In (b), DSS for FLV was used for lesions treated with 
FLV, DSS for FLOX was used for FLOX/FOLFOX +/- bevacizumab or anti-EGFR antibodies, and DSS 
for FLIRI was used for FLIRI/FOLFIRI +/- bevacizumab or anti-EGFR antibodies.
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Supplementary Fig. 3. Comparison of somatic mutations between CRLMs and corresponding 
PDOs. a. Gene mutations compared between CRLMs and corresponding PDOs (n=74 sample pairs 
from 56 patients). Dashed outlines indicate discordant mutation status between the sample pairs. b. Box 
plot of mutant allele frequencies (maf) according to discordant (heterogeneous) and concordant (homo-
geneous) mutation status between paired PDOs and CRLMs. c. Bar plots of genes with discordant 
mutation status between paired CRLMs and PDOs.

Wilcoxon, p = 0.002
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Supplementary Fig. 4

Supplementary Figure 4. Heat map and hierarchical cluster of drugs and PDOs. DSS values for 24 
drugs in 211 PDOs from 102 Patients (Pts). Annotation bars indicate the mutation status of 
RAS/BRAFV600E and TP53, as well as iCMS transcriptomic subtypes. Clustering was performed using 
the compete linkage method from the R package pheatmap v.1.0.12.
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Supplementary Figure 5. Drug libraries. Mode of action and development status of drugs of library 1 
(41 drugs) and library 2 (47 drugs) used in this study.
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Supplementary Figure 6. Drug-drug correlation. Pearson correlation of 51 drugs and drug combi-
nations from both libraries that passed the quality control criteria. Strongly correlating drugs or drug 
combinations are marked on the right based on their mode of action. 
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Supplementary Figure 7. Multiplex immunohistochemical characterization of protein expression 
in PDOs and matched CRLMs. a. Illustration of the process for creating the organoid microarray and 
performing multiplex immunohistochemistry. b. Five multiplex fluorescent immunohistochemistry cock-
tails analyzed in four PDOs and corresponding CRLMs from four patients. Nuclei were stained with 
DAPI and is shown in white, Scale bar 100 µm. c. Spearman correlation of the mean expression levels 
of 12 proteins in PDOs. Statistically significant correlation coefficients (p<0.05) are highlighted in bold. 
The correlations are ordered by hierarchical clustering. Proteins stained in the same multiplex are 
color-coded. d. Protein expression as centralized mean in matched PDOs and CRLMs indicated with 
distinct colors for the different multiplex cocktails.
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Supplementary Fig. 8

Supplementary Figure 8. Inter- and intra-patient heterogeneity in multi-lesion PDOs. a. Gene muta-
tions in 32 PDOs from 12 patients with heterogenous mutations and 47 PDOs from 19 patients with homo-
geneous mutation profiles. PDOs from patients with multiple lesions are indicated with colored dots (spati-
al mutli-lesion) or diamonds (temporal multi-lesion) on top of the mutation map. Dashed line indicates the 
genes with a heterogeneous variant not found in all of the analyzed multi-lesion PDOs of the respective 
patients. b. Frequency and heterogeneity of iCMS classification between multi-lesion PDOs. c. Distributi-
on of Intra-patient spatial, intra-patient temporal and inter-patient heterogeneity based on pair-wise Eucli-
dean distances of 12 protein marker expressions based on multiplex IHC. The groups were compared with 
one-way ANOVA. Adjusted p values with Tukey’s multiple comparison test, p<0.0001 (****). d-f. Spearman 
correlations between the number of lesions analyzed and median pair-wise Euclidean distances of DSS 
and in situ protein expression from multi-lesion PDOs.
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