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Supplementary Text 

DNA/RNA extraction, MSI status and mutation analyses 

RNA was extracted from fresh-frozen tumor samples using the Qiagen Allprep 
DNA/RNA/miRNA Universal kit, according to the manufacturer’s instructions (Qiagen, GmBH, 
Hilden, Germany). DNA was extracted using a standard phenol/chloroform protocol or a 
magnetic bead approach according to the manufacturer’s recommendations (Maxwell 16 DNA 
Purification Kit; Promega, Madison, WI, USA). MSI status of the tumors was determined using 
the consensus markers provided by the National Cancer Institute (Bethesda marker panel), and 
sequencing of KRAS in exons 2 and 3, BRAF in exon 15 (including codon 600) and TP53, the full 
coding sequence, was done on a 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, 
USA), all as previously described (Berg et al., PLoS One 2010;5:e13978). 

Growth conditions of CRC cell lines 

In-house cell lines were maintained in DMEM-F12 (CACO2 and WIDR cells were maintained in 
EMEM) supplemented with fetal calf serum (FCS), 2 mM glutamine, 100 units/mL penicillin and 
100 µg/mL streptomycin (Gibco, Life Technologies, Carlsbad, CA, USA) at 37°C and 5% CO2 in 
a humidified incubator. All cell lines were enriched with 10% FCS (20% FCS for CACO2 cells). 

Pre-processing of gene expression data from primary CRCs, cell lines and PDX models 

In-house patient samples and cell lines were analyzed for gene expression using Affymetrix 
microarrays (Human Exon 1.0 (HuEx) or Human Transcriptome 2.0 Arrays (HTA)). Raw 
intensity data were background corrected, quantile normalized and summarized at the gene-level 
according to the robust multi-array average (RMA) approach implemented in the Affymetrix 
Expression Console 1.1 software. For samples analyzed on HTA, the modified Signal Space 
Transformation algorithm of RMA was used. For genes annotated by more than one transcript 
cluster on the HTA array, the entry annotated by RefSeq was used. For combined analyses across 
datasets, samples were merged by batch correction using ComBat (Johnson et al., Biostatistics 
2007;8:118-27) implemented in the R package SVA (Leek et al., Bioinformatics 2012;28:882-3). 

Gene expression data for additional cell lines was obtained from publicly available datasets as 
outlined in Supplementary Table S2a. For data analyzed on Affymetrix HG U133 Plus 2.0 arrays, 
raw CEL files were downloaded from GEO and pre-processed by RMA using the justRMA-
function in the R package affy with custom CDF files from “brainarray” 
(http://brainarray.mbni.med.umich.edu/Brainarray/Database/CustomCDF). For samples analyzed 
on Illumina HumanHT-12 V4.0 BeadChip arrays, pre-processed data were downloaded from 
GEO and genes represented by more than one probe set were filtered to include the entry with 
highest standard deviation across the dataset. Prior to CMS classification, the four different 
datasets were merged by ComBat (using dataset as batch factor and cell lines replicated across all 
datasets as covariate) and the expression level of each gene was centered and scaled based on the 
mean expression level and expression variance among all samples, respectively. 
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With respect to datasets used for development of the cancer cell-adapted CMS classifier, 61 of 
the 621 primary CRCs from TCGA were excluded due to low sequencing depth (< 15M RSEM), 
and RNA sequencing count data from CRC cell lines (Klijn et al., Nat Biotechnol 2015;33:306-
12; n = 37, COLO320 has a neuroendocrine origin and was excluded) were variance stabilized 
and log2-transformed using DESeq2. Furthermore, microarray expression data (Affymetrix 
HGU133A CEL files) from PDX tumors and primary CRCs (Julien et al., Clin Cancer Res 
2012;18:5314-28) were pre-processed by RMA using the justRMA-function in the R package 
affy with custom CDF files from “brainarray”, and genes from the RNA sequencing datasets not 
represented in this microarray dataset were discarded. 

With respect to the 32 PDX models and 4 matching primary CRCs, gene expression data for the 
two sample types were pre-processed, centered and scaled separately, using the justRMA-
function in the R package affy with custom CDF files from “brainarray” 
(http://brainarray.mbni.med.umich.edu/Brainarray/Database/CustomCDF), gene-wise expression 
means and expression variance, respectively. 

CMS classification of primary CRCs 

CMS classification of the primary CRCs in the in-house patient series was done for tumors 
analyzed on HuEx and HTA arrays separately using the random forest (RF) predictor (function 
classifyCMS.RF) implemented in the R package CMSclassifier (Guinney et al., Nat Med 
2015;21:1350-6), based on Entrez gene IDs (all genes in the RF predictor were identified on both 
array types). A default posterior probability of 0.5 was used as a threshold for confident sample 
classification. Tumors that were indeterminate according to this criterion, but had a larger 
posterior probability than 0.3 for more than one subtype, were denoted as mixed tumors. The 
remaining tumors were considered indeterminate. 

Sensitivity analysis of gene expression thresholds applied during development of the new 
classifier 

To assess the impact of the different gene expression thresholds applied during selection and 
filtering of template genes in the cancer cancer-cell adapted CMS classifier, additional thresholds 
were tested for two of the analysis steps: 

i) Selection of candidate template genes by differential expression analysis among the individual 
subtypes in primary CRCs from TCGA. The original and alternative log2 fold-change expression 
thresholds were above 1 and 0.5, respectively. 

ii) Filtering of genes with high expression in the tumor microenvironment, identified as genes 
with high relative expression in primary CRCs compared to PDX tumors. The original and  
alternative mean log2 fold-change expression thresholds were below 2 and 0.5, respectively. 



3 

 

The sensitivity of the classifier was tested by comparing sample classifications based on the 
template gene sets resulting from the original versus alternative expression thresholds. The 
classification concordance was high, both for the cell lines (88% [95% CI 81%-93%]) and 
primary CRCs in the TCGA test set (84% [95% CI 75%-91%]), indicating that the classification 
is not highly sensitive to the selected threshold values. 

Western blotting in cells treated with HSP90 inhibitors 

Cells were treated with the HSP90 inhibitors luminespib and ganetespib (Selleck Chemicals, 
Houston, TX, USA) for 24 hours in 6-well plates and scraped in 300 µl lysate buffer (10 nM Tris, 
pH 6.8, 15% w/v glycerol, 3% w/v sodium dodecyl sulfate, 0.01% w/v bromophenol blue and 5% 
v/v 2-mercaptoethanol) for protein lysate isolation. Samples were sonicated and heated at 95°C 
for 5 minutes, then separated by 10% SDS-PAGE, transferred to PVDF membranes (Bio-Rad, 
Hercules, CA, USA), developed with chemiluminescence using SuperSignal West Dura Extended 
Duration Substrate (Thermo Fisher Scientific Inc., Maltham, MA, USA), and imaged using the 
ChemiDoc XRS+ System (Bio-Rad). Antibodies included rabbit polyclonal anti-HSP70 (#4872; 
1:1000) and monoclonal anti-HSP40 (#4871; 1:1000; Cell Signaling Technology, Danvers, MA, 
USA), mouse anti-β-Actin (A2228; 1:2000; Sigma-Aldrich, St. Louis, MO, USA), horseradish 
peroxidase-conjugated goat anti-rabbit IgG secondary antibodies (#7074; 1:10000; Cell Signaling 
Technology), and horseradish peroxidase (HRP)-conjugated donkey anti-mouse IgG antibody 
(715–035–150; 1:10000; Jackson Immunoresearch Laboratories Inc., West Grove, PA, USA). 

Immunohistochemistry in post-treatment PDX samples 

Immunostaining was performed on paraffin-embedded PDX tissue samples collected after drug 
treatments (6-8 hours after the last treatment dose). Tissue blocks were sectioned, mounted on 
microscope slides and heated at 60ºC overnight. Paraffin was removed with xylene and tissues 
were serially rehydrated. Antigen retrieval was performed by boiling the samples in a microwave 
oven using sodium citrate buffer (pH 6). The slides were washed twice in PBS, followed by 
peroxidase inhibition. Finally, slides were washed twice in PBS and once in PBS-1% Tween-20 
(Sigma-Aldrich) for 15 minutes. Tissue specimens were blocked for 1 hour with PBS +3% BSA. 
Slides were incubated at 4ºC overnight with specific primary antibodies for HSP70 (#MAB1663; 
1:20; R&D Systems, Minneapolis, MN, USA) and Ki67 (#M7240 Clone MIB-1; 1:100; Dako, 
Agilent, Santa Clara, CA, USA). Slides were then incubated with the corresponding HRP-
secondary antibody, antirabbit (711-035-152; Jackson Immunoresearch Laboratories Inc.) or 
Goat-antimouse (G-21040; Thermo Fisher Scientific Inc.). Visualization was done with DAB 
(K3467; Dako) for 10 minutes. Sections were counterstained with hematoxylin (109253; 1:4; 
Merck), dehydrated, cleared, and mounted. The images were acquired with a slide scanner 
(Nanozomer 2.0 HT) and analyzed with the MBF ImageJ software. The threshold for positive 
staining was the same across all images and determined manually. HSP70 expression is plotted as 
the total positive staining intensity relative to the background staining. Ki67 expression was 
plotted as the percentage of positively staining nuclei relative to the total number of nuclei. 

Molecular and clinicopathological characteristics of CMS in primary CRC 

In a single-hospital, consecutive series of primary CRC (total n = 409; n = 323 tumors 
confidently assigned to a CMS subtype), previously described molecular associations of CMS 
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(Guinney et al., Nat. Med. 21, 1350-1356, 2015) were validated. Tumors in CMS1 were enriched 
for MSI and BRAF mutations (P = 210-16 from Fisher’s exact test of both), while tumors in 
CMS3 and CMS2 were enriched for KRAS and TP53 mutations, respectively (P = 0.0002 and 
310-9; Fig. 1b and Supplementary Table S3). With respect to clinicopathological characteristics, 
tumors with CMS1 were more frequently found in female patients (P = 0.001), in the right side of 
the colon (P = 910-15) and had a low differentiation grade (P = 210-8), compared with tumors 
with CMS2-4 (Fig. 1c and Supplementary Table S4). Furthermore, CMS2 tumors were most 
frequently found in the rectum (P = 310-8), whereas CMS4 was enriched for cancers with 
advanced stage (stages III and IV; P = 0.01) and was most frequently found in male patients (P = 
0.0008). 

Biological properties of CMS in primary CRC 

Based on gene set enrichment analysis (using the R package GSA and a customized collection of 
51 gene sets; overview in Supplementary Table S6), the distinct biological properties of the CMS 
groups were validated in the independent clinical cohort of primary CRCs (Fig. 1e and 
Supplementary Fig. S1b). CMS1 had high expression of genes involved in immune responses, 
immune evasion (PD-1 signaling) and inflammatory responses, and showed negative enrichment 
for cancer stem cell markers. Consistent with the high frequency of tumors with a low 
differentiation grade, the CMS1 subtype also showed negative enrichment for targets of HNF4A. 
On the other hand, and despite the low differentiation grade, CMS1 tumors were negatively 
enriched for cancer stem cell markers. The CMS2 subtype had epithelial characteristics and up-
regulation of WNT signaling, MYC and HNF4A down-stream targets, and pathways related to 
the cell cycle. This subtype was clearly under-represented by immune and stromal infiltration 
(evaluated by the ESTIMATE algorithm; Yoshihara, K. et al. Nat.Commun. 4, 2612, 2013), and 
had little inflammatory response and KRAS signaling compared to the other subtypes. CMS2 
tumors also had little TGFβ responses. CMS3 had a distinct up-regulation of metabolic pathways, 
and similarly to CMS2, had epithelial characteristics and little stromal infiltration. In contrast, 
CMS4 tumors were characterized by epithelial-to-mesenchymal transition, had a high relative 
level of stromal infiltration and up-regulation of genes involved in extracellular matrix 
organization, angiogenesis and TGF responses. Detailed characterization of the colorectal tumor 
microenvironment (using the algorithm MCPcounter) confirmed previously described infiltration 
patterns, with specific enrichment of lymphocytes and neutrophils in CMS1, as well as myeloid 
dendritic cells and stromal components (in particular endothelial cells) specifically in CMS4 
(Supplementary Fig. S1b). 
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Supplementary Figures 

 

Supplementary Fig. S1. Validation of prognostic associations and biological properties of 
the CMS groups in primary CRCs 

a) Patients with CMS4 tumors had a 5-year overall survival rate of 49% compared with 71% for 
patients with CMS1-3 tumors. b) Gene set expression enrichment analyses comparing tumors in 
each individual CMS group (the color code is the same as indicated in part a) with the three 
others confirmed CMS subtype-specific biological properties. Red and blue boxes indicate 
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unadjusted P-values for positive and negative enrichment, respectively, for each of a customized 
collection of 51 gene sets, including infiltration of stromal and immune cells measured by the 
ESTIMATE algorithm (Yoshihara et al., Nat Commun 2013;4:2612), as well as for cell type-
specific analyses of the tumor microenvironment by the MCPcounter algorithm (Becht et al., 
Genome Biol 2016;17:218; P-values were adjusted for 40 tests by Bonferroni correction), and 
cytolytic activity measured by the CYT-score (Rooney et al., Cell 2015;160:48-61). 
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Supplementary Fig. S2. The original CMS classifier fails to accurately identify the CMS 
groups in CRC cell lines 
a) The original RF CMSclassifier (Guinney et al., Nat. Med. 2015;21:1350-1356) failed to 
classify more than half in a collection of 148 unique CRC cell lines. Among the classified cell 
lines, the majority were classified as CMS2, and only three as CMS3 and CMS4, respectively. b) 
Sample-wise expression enrichment analyses of an EMT and a TGFβ response signature (using 
the R package GSVA; Hanzelmann et al., BMC Bioinformatics 2013;14:7) indicated that in 
addition to the 3 classified CMS4 cell lines, several additional, unclassified cell lines also had 
strong CMS4 characteristics. c) In the epithelial subtypes, gene set enrichment analyses indicated 
that in contrast to primary CRCs, cell lines classified as CMS3 showed higher WNT signaling 
than CMS2, and CMS2 showed stronger metabolic activation than CMS3. The color code is the 
same in all parts of the Figure.  
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Supplementary Fig. S3. Principal components analysis of cell lines based on gene expression 

Unsupervised principal components analysis of the 126 cell lines confidently assigned to a CMS 
group, based on the genes with highest expression variance (n = 2,000) among the samples. 
CMS1/ 4 cell lines were separated from CMS2/3 along principal component 1 (PC1), indicating 
that this represents the primary sample split in the dataset.  
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Supplementary Fig. S4. Assessment of misclassification risk of CRC cell lines 

a) Unbiased representation of all CMS groups in the query sample set is required for optimal 
performance of the adapted classifier, and to assess the stability of the cell line classification, 
random resampling of subsets of cell lines was performed (1,000 samplings of random sets of 
50% of the cell lines). The concordance in cell line classification across resamplings was high, 
with 122 (82%) of cell lines having consistent subtype assignments in >95% of the resamplings. 
The proportion of cell lines with the most frequent disagreements across resamplings was highest 
in CMS1. b) To assess the classification specifically among MSI+ cell lines, gene set expression 
enrichment analyses was performed in this subgroup alone (comparing samples in each 
individual CMS group with the three others). CMS-specific biological properties were confirmed 
within the MSI+ subset. Red and blue boxes indicate unadjusted P-values for positive and 
negative enrichment, respectively, for each of a customized collection of gene sets, including 
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signatures of "MSI-like", "MSS-like" (Watanabe et al., Cancer Res 2006;66:9804-8) and "BRAF-
mutant-like" (Vecchione et al., Cell 2016;165:317-30) samples. 
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Supplementary Fig. S5. Additional template gene filter for classifier genes expressed in the 
tumor stroma 
a) Differential gene expression analysis between the stromal and epithelial compartments of laser 
microdissected primary CRCs (13 stromal/epithelial sample pairs from GSE35602; Nishida et al., 
Clin Cancer Res 2012;18:3054-70) showed that some of the template genes in the new classifier 
had high expression in the tumor stroma. Accordingly, an additional template gene filtering step 
was tested by excluding these genes. The analyses were done using limma, with patient ID as 
"block", and template genes with a mean log2 fold-change > 1 in the stromal versus epithelial 
comparison were excluded. b) Resampling (n = 1,000 random sets of 50% of the cell lines) 
showed that the stability of the classification did not improve with the reduced template gene set. 
80% of the cell lines retained their CMS group in more than 95% of the resamplings (compared 
to 82% for the original template gene set). Classification discordance was evenly distributed 



12 

 

among the subtypes, and compared with the original template gene set, discordance was less 
frequent in CMS1 and more frequent in particular in CMS3. c) Gene set expression enrichment 
analyses among the 116 unique cell lines confidently assigned to a CMS group based on the 
reduced template gene set (FDR from NTP < 0.2) confirmed that the classification was not 
improved. In particular, this classification failed to identify a CMS1 group with high relative 
inflammatory response and JAK-STAT signaling, and WNT signaling was somewhat stronger in 
CMS3 than CMS2.  
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Supplementary Fig. S6. Biological characteristics of the CMS groups are recapitulated in 
PDX models of CRC 

28 of totally 32 PDX models were confidently assigned to a CMS group (FDR from NTP lower 
than 0.2). a) Unsupervised principal components analysis (PCA) based on expression levels of 
the 2,000 genes with highest expression variance showed clear separation of CMS1/4 PDX 
tumors from CMS2/3 PDX tumors along PC1 (P = 0.0001 by Welch’s t-test), although PC1 had 
high variance among CMS4 tumors. b) Gene set analyses (using the R package GSA) was 
performed for an “MSI-like” signature (Watanabe et al., Cancer Res 2006;66:9804-8) and a 
“BRAF-mutant-like” signature (Vecchione et al., Cell 2016;165:317-30), in addition to the 
customized collection of 51 CRC-related gene sets listed in Supplementary Table S6. PDX 
tumors in each subtype were compared with the other three subtypes. Sample-wise enrichment 
scores (calculated using the R package GSVA) are plotted per CMS group for some of the 
significantly enriched signatures (P ≤ 0.05) in each subtype. 
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Supplementary Fig. S7. CRC cell lines analyzed by drug screening are representative with 
respect to gene expression and CMS groups 

a) Comparisons of DSS values between all possible pairs of the 33 cell lines showed that pairs 
established from each of four patients were more similar than independent cell line pairs. The 
Pearson correlation in DSS values for HT29/WIDR, SW480/SW620 and DLD1/HCT15 was 
0.94, 0.86 and 0.85, respectively, indicating reproducibility of the drug screens. The weaker 
correlation for IS1/IS3 (0.73) was associated with a larger dissimilarity also in gene expression 
(analyzing the 2,000 genes with highest expression variance among all cell lines) between these 
two cell lines (Pearson correlation 0.61, compared with 0.82-0.95 for the other sample pairs), 
reflected also in the different CMS predictions between IS1/IS3. b) For subtype comparisons of 
drug screen results, only one cell line per patient was included (excluding HCT15, WIDR, 
SW620, and IS1). Unsupervised PCA based on global gene expression profiles (2,000 genes with 
highest expression variance) showed that these 29 cell lines (plotted as large dots with black 
edges and colored according to nearest predicted CMS group, not filtered by significance 
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threshold [FDR] from Nearest Template Prediction) represent the full specter of the CMS 
subtypes. 
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Supplementary Fig. S8. Principal components analysis of in vitro drug screen data 

Unsupervised PCA of CRC cell lines (n = 29) was performed based on drug sensitivity scores 
(DSS) of the filtered drug screen panel. a) Plotting the two principal components accounting for 
the largest variation in DSS (PC2 versus PC1) indicated that MSI+ and MSS cell lines constitute 
two different response groups. There was a significant difference in PC1 scores between the two 
sample groups. b) Comparisons of individual drug responses among the two sample groups 
confirmed that MSI+ cell lines had a stronger response to topoisomerase inhibitors and anti-
metabolites (in particular gemcitabine). c) The CMS groups also accounted for variation in DSS 
values among cell lines, and PC1 scores were significantly different between CMS2 and the other 
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subtypes, as well as between CMS1/4 and CMS2/3. P-values were calculated by Welch’s two 
sample t-tests. d) PC1 of the DSS values was strongly correlated with the sample-wise expression 
enrichment scores (calculated using the R package GSVA) of a colonic differentiation signature 
(“colonic crypt, top”; Kosinski et al., PNAS 2007;104:15418-23). 
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Supplementary Fig. S9. Validation of strong relative activity of EGFR inhibition in CMS2 

Analyses of published data of cetuximab treatment (anti-EGFR antibody) in 130 unique CRC cell 
lines (Medico et al., Nat Commun 2015;6:7002) validated the strong effect of EGFR inhibition in 
CMS2 compared to the other subtypes, also in cell lines wild type for KRAS and BRAF. AUC 
indicates the area under the concentration–inhibition curve (cells were treated with cetuximab at 
eight different concentrations), based on cell viability assessment. P-values were calculated by 
comparing CMS2 to the other subtypes using Welch’s t-test. 
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Supplementary Fig. S10. Drug response analyses between CMS1/4 and CMS2/3 cell lines 

a) Analysis of MSS cell lines only confirmed a stronger relative response in CMS1/4 versus 
CMS2/3 to HSP90 inhibitors (luminespib, ganetespib and radicicol), the HMG-CoA reductase 
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inhibitor atorvastatin, the alcohol dehydrogenase inhibitor disulfiram, the farnesyltransferase 
inhibitor tipifarnib, and the combined angiogenesis and tubulin inhibitor 2-methoxyestradiol also 
in this subgroup of cell lines. Additionally, the CMS2/3 group was more sensitive to a range of 
EGFR and HER2 inhibitors, primarily due to a strong response in CMS2. b) Similar results were 
found when analyzing only the 23 cell lines with FDR from CMS assignment below 0.2 
(excluding 6 cell lines: COLO205, DLD1, HCC2998, KM12, RKO, SW48), and c) when 
including the opposite set of the paired cell lines (including HCT15, IS1, SW620, and WIDR 
instead of DLD1, IS3, SW480, and HT29, respectively). d) Among the 29 unique cell lines 
included in the drug screen, there was high concordance (83% [95% CI 64%-94%]) in CMS 
classification based on the initial adapted classifier and the classification using the reduced 
template gene set (additionally filtered for stromal gene expression). Accordingly, drug screen 
analyses based on the latter classification showed response to the same classes of drugs in 
CMS1/4 versus CMS2/3. In addition, CMS2/3 showed strong response to MEK inhibitors in this 
latter classification.  
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Supplementary Fig. S11. In vitro validation of strong relative sensitivity to HSP90 inhibition 
in CMS1 and CMS4 cell lines in published data 

Strong relative sensitivity to HSP90 inhibition in CMS1 and CMS4 cell lines compared to CMS2 
and CMS3 cell lines was validated in two published datasets; a) using the HSP90 inhibitor 
ganetespib in He, S. et al. Invest. New Drugs 32, 577-586 (2014); and b) using the HSP90 
inhibitor CCT018159 in the Genomics of Drug Sensitivity in Cancer Project, Yang, W. et al. 
Nucleic Acids Res. 41, D955-961 (2013). In the latter dataset, stronger relative sensitivity in 
CMS1/4 was validated also among MSS cell lines only. In both datasets, drug sensitivities were 
reported as IC50-values, representing the drug concentration that gives half of maximal inhibition. 
Accordingly, low values indicate high drug sensitivity. The IC50-values are plotted in inverse 
order on the vertical axes. In panel b, the IC50-values are plotted as the natural logarithm. 
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Supplementary Fig. S12. Up-regulation of heat shock response in cell lines treated with 
luminespib 

a) HSP90 inhibition with luminespib or ganetespib treatment at 50 and 100 nM for 24 hours in 
three CMS4 cell lines with response to HSP90 inhibition (CACO2, LIM2099 and SW480) 
confirmed up-regulation of HSP70 and HSP40 at the protein level in treated versus untreated 
control cells (western blotting). b) Principal components analyses based on genes (n = 456) 
included in a published gene expression signature of the heat shock transcription factor 1 (HSF1; 
Mendillo et al., 2012, Cell 150, 549-562) showed significant dysregulation of this HSP related 
gene set in cells treated with luminespib versus control cells treated with DMSO (analyzed by a 
paired t-test comparing PC1 of the HSF1 signature between treated and control cells). c) PC1 of 
the HSF1 gene expression signature was significantly correlated with the DSS values of the three 
HSP90 inhibitors luminespib, ganetespib and radicicol among the 29 cell lines included in the 
drug screen panel. Additionally, transcriptional heat shock response was associated with CMS 
(CMS assignments were not restricted by significance threshold). The P-value was calculated by 
Welch’s t-test comparing CMS1/4 and CMS2/3 cell lines. 
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Supplementary Fig. S13. Poor response to fluoropyrimidines in CMS4 cell lines 

Among the MSS cell lines in our drug screen panel (n = 19 cell lines from individual patients; 
Supplementary Table S2b), the CMS4 group had a poor response to fluorouracil and floxuridine 
(analog of 5-fluorouracil) compared to CMS1/2/3. P-values were calculated by Welch’s t-test. 
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Supplementary Tables 

Supplementary Table S1. Clinicopathological and molecular characteristics of consecutive 
patient series (n = 409) 

Characteristic Value 

Patient age at diagnosis Median [range] 72 [27 - 97] 

Patient gender Female 207 (51%) 

Male 202 (49%) 

Tumor localization Right 173 (42%) 

Left 122 (30%) 

Rectum 111 (27%) 

Synchronous 3 (0.7%) 

TNM stage I 84 (21%) 

II 153 (37%) 

III 115 (28%) 

IV 57 (14%) 

Tumor differentiation grade High 9 (2%) 

Medium 336 (82%) 

Low 56 (14%) 

Unknown 8 (2%) 

5-year survival rate Overall [95% CI] 67% [62%-72%] 

Relapse-free [95% CI] 63% [58%-68%] 

Post-operative chemotherapy Stage I 0 

Stage II 6 (4%) 

Stage III 55 (48%) 

Stage IV 40 (70%) 

MSI-status MSI+ 72 (18%) 

MSS 328 (80%) 

Not scored 9 (2%) 

Mutation frequency KRAS 133 (33%) 

BRAF 70 (17%) 

TP53 244 (60%) 
CI, confidence interval; MSI, microsatellite instability; MSS, microsatellite stable  



25 

 

Supplementary Table S3. Enrichment of molecular characteristics among CMS groups in 
primary CRC 

Molecular 
characteristic 

Number of 
patients in 

enriched CMS 
group 

Number of 
patients in the 

other 
subtypes 

Fisher's exact test 

Odds ratio
95% 

confidence 
interval 

P-value

MSI-status CMS1 CMS2-4 

33 15.2 - 75.6 210-16MSI+ vs. 43 17 

  MSS 18 240 

BRAF CMS1 CMS2-4 

33 15.4 - 74.5 210-16mutation vs. 45 17 

  wild-type 19 242 

KRAS CMS3 CMS1, 2, 4 

3.2 1.7 - 6.0 210-4 mutation vs. 30 71 

  wild-type 26 196 

TP53 CMS2 CMS1, 3, 4 

4.3 2.6 - 7.4 310-9 mutation vs. 110 86 

  wild-type 29 98 
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Supplementary Table S4. Enrichment of clinicopathological characteristics among CMS 
groups in primary CRC 

Clinicopathological 
characteristic 

Number of patients 
in enriched CMS 

group 

Number of 
patients in other 
CMS subtypes 

Fisher's exact test 

Odds 
ratio 

95% 
confidence 

interval 
P-value

Patient gender CMS1 CMS2-4 

2.6 1.4 - 5.0 0.001 Female vs. 44 118 

  Male 20 141 

Patient gender CMS4 CMS1-3 

2.6 1.4 - 5.0 0.0008 Male vs. 44 117 

  Female 20 142 

Tumor localization CMS1 CMS2-4 

16.6 6.7 - 49.5 910-15Right vs. 58 83 

  Left and rectum 6 174 

Tumor localization CMS2 CMS1, 3, 4 

4.3 2.5 - 7.6 310-8 Rectum vs. 59 27 

  Right and left 79 156 

Differentiation grade CMS1 CMS2-4 

7.3 3.5 - 15.6 210-8 Low vs. 24 19 

  Medium and high 40 234 

Cancer stage CMS4 CMS1-3 

2.1 1.2 - 3.8 0.01 III and IV vs.  37 102 

  I and II 27 157 
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Supplementary Table S5. Multivariable survival analyses 

  

Five-year relapse-free survival Five-year overall survival 

Univariable Multivariable Univariable Multivariable 

HR P-
valueb 

HR P-
valueb 

HR P-
valueb 

HR P-
valueb [95% CI]a [95% CI]a [95% CI]a [95% CI]a 

CMS4 vs. 
CMS1-3 

1.8 
[1.2-2.7] 

0.005 
1.4 

[0.9-2.2] 
0.1 

2.0 
[1.3-3.1] 

0.001
1.6 

[1.04-2.6] 
0.03 

Patient age 
(continuous) 

1.007 
[0.99-1.02] 

0.3 
1.03 

[1.007-1.05] 
0.007 

1.02 
[1.003-1.03] 

0.02 
1.04 

[1.02-1.06] 
5E-04 

Patient gender 
(female vs. male) 

0.9 
[0.8-1.1] 

0.3 
0.9 

[0.7-1.1] 
0.1 

0.9 
[0.8-1.1] 

0.2 
0.9 

[0.7-1.06] 
0.2 

Cancer stage (III 
or IV vs. I or II) 

2.8 
[2.0-3.9] 

2E-09 
2.4 

[1.5-3.7] 
2E-04 

3.3 
[2.3-4.7] 

1E-10
2.7 

[1.7-4.4] 
6E-05 

Tumor 
localization (right 
vs. left or rectum) 

0.9 
[0.7-1.3] 

0.6 
1.1 

[0.7-1.7] 
0.6 

1.0 
[0.7-1.4] 

0.8 
1.1 

[0.7-1.8] 
0.3 

MSI status 
(MSI+ vs. MSS) 

0.6 
[0.4-1.0] 

0.08 
0.8 

[0.5-1.5] 
0.5 

0.7 
[0.4-1.2] 

0.2 
0.9 

[0.5-1.7] 
0.6 

Post-operative 
chemotherapy 
(yes vs. no) 

2.2 
[1.6-3.1] 

4E-06 
1.3 

[0.8-2.2] 
0.3 

2.4 
[1.7-3.4] 

2E-06
1.4 

[0.8-2.5] 
0.2 

aHazard ratios from Cox's regression; bP-values from Wald's test of predictive potential 
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Supplementary Table S9. Classification concordance between the original and new cancer 
cell-adapted CMS classifier in CRC cell lines 

  
Adapted CMS classifier Concordance 

[95% CI]a CMS1 CMS2 CMS3 CMS4 unclassified 

Original 
(classifyCMS.RF) 

CMS1 10 0 1 3 5 

88% 

[77%-95%] 

CMS2 2 36 1 0 2 

CMS3 0 0 3 0 0 

CMS4 0 0 0 3 0 

unclassified 10 8 21 28 15 
aAmong the 59 cell lines classified by both methods 
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Supplementary Table S10. Enrichment of molecular characteristics among CMS groups of 
CRC cell lines 

Molecular 
characteristic 

Number of cell 
lines in enriched 

CMS subtype 

Number of cell 
lines in the other 

subtypes 

Fisher's exact test 

Odds ratio 
95% 

confidence 
interval 

P-value 

MSI-status CMS1 CMS2-4 
7.0 2.3 - 23.0 2E-04 MSI+ vs. 15 22 

  MSS 7 73 
MSI-status CMS3 CMS1,2, 4 

3.8 1.4 - 10.6 7E-03 MSI+ vs. 14 23 
  MSS 11 69 
BRAF CMS1 CMS2-4 

7.2 2.1 - 25.3 6E-04 mutation vs. 9 9 
  wild-type 12 88 
KRAS CMS3 CMS1,2,4 

1.8 0.7 - 5.0 3E-01 mutation vs. 15 42 
  wild-type 10 51 
TP53 CMS2 CMS1,3,4 

2.6 0.6 - 16.5 2E-01 mutation vs. 12 23 
  wild-type 3 15 
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Supplementary Table S14. Overview of the molecular target classes for the high-
throughput drug screening library 

Molecular target class Number of drugs 

Conventional chemotherapeutics 70 

Hormone therapy drugs 22 

Kinase inhibitors 228 

Epigenetic/Differentiation drugs 51 

Other targeted drugs 75 

Immunosuppressants 13 
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Supplementary Table S15. Drugs with strong effect in MSI+ versus MSS cell linesa 

Drug Average 
difference in DSS 

P-value FDR Molecular target/mechanism 

Gemcitabine 13.1 310-10 910-8 Antimetabolite; Nucleoside analog 

Teniposide 12.1 210-8 210-6 Topoisomerase II inhibitor 

Idarubicin 11.2 210-8 210-6 Topoisomerase II inhibitor 

Valrubicin 9.9 310-8 210-6 Topoisomerase II inhibitor 

Topotecan 9.4 310-7 210-5 
Topoisomerase I inhibitor. 

Camptothecin analog 

Etoposide 7.4 810-7 310-5 Topoisomerase II inhibitor 

Camptothecin 9.3 910-7 310-5 Topoisomerase I inhibitor 

Doxorubicin 7.0 110-6 410-5 Topoisomerase II inhibitor 

Dactinomycin 10.8 210-6 410-5 RNA and DNA synthesis inhibitor 

Daunorubicin 7.2 210-6 510-5 Topoisomerase II inhibitor 

aTop ten drugs with differential sensitivity between MSI+ (n = 10) and MSS (n = 19) cell lines, 
identified by independent samples t-tests of drug sensitivity scores (DSS) and sorted by P-values. 
All drugs had strongest effect in the MSI+ cell lines. 
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Supplementary Table S18. Drugs with strong relative activity in CMS2 

Drug 
Average difference 

in DSSa 
P-value FDR Molecular targets/mechanisms 

Varlitinib 5.1 0.003 0.03 EGFR, HER2 inhibitor 
Dacomitinib 5.9 0.005 0.03 Pan-HER inhibitor 
Afatinib 6.2 0.006 0.03 EGFR inhibitor 
TAK-285 3.5 0.010 0.04 HER2 inhibitor 
Lapatinib 3.3 0.01 0.04 HER2, EGFR inhibitor 
XL-647 6.3 0.01 0.04 EGFR, ERBB2, VEGFR, EPHB4
Icotinib 4.2 0.02 0.06 EGFR inhibitor 
Neratinib 4.5 0.02 0.06 EGFR inhibitor 
Ibrutinib 2.8 0.03 0.07 Btk inhibitor 
Saracatinib 4.3 0.03 0.07 Src, Abl inhibitor 
Gefitinib 4.4 0.03 0.07 EGFR inhibitor 
Erlotinib 4.1 0.03 0.07 EGFR inhibitor 
Sapitinib 4.1 0.03 0.07 Pan-HER inhibitor 

aAverage difference in DSS comparing CMS2 cell lines with the other subtypes. Only drugs with 
higher activity in CMS2 and P-values from independent samples t-tests below 0.05 were included 
(sorted by P-values). DSS, drug sensitivity score.   
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Supplementary Table S19. Differential gene expression in response to luminespib treatment 

HGNC 
Mean differential 

expressiona 
P-value 

Adjusted P-
values (FDR)

Description 

HSPA1B 3.6 710-5 0.05 Heat Shock Protein Family A (Hsp70) Member 1B 

BAG3 2.9 910-5 0.05 
BCL2 Associated Athanogene 3. Binds to HSP70 and 
inhibits chaperone activity. 

HSPA4L 2.5 210-6 0.01 Heat Shock Protein Family A (Hsp70) Member 4 Like 

DNAJB1 2.5 310-8 0.0006 DnaJ Heat Shock Protein Family (Hsp40) Member B1 

HSPH1 1.7 410-5 0.05 Heat Shock Protein Family H (Hsp110) Member 1 

HSPA1L 1.6 710-7 0.007 Heat Shock Protein Family A (Hsp70) Member 1 Like 

HSPA6 1.6 910-5 0.05 Heat Shock Protein Family A (Hsp70) Member 6 

ZFAND2A 1.5 610-5 0.05 Zinc Finger AN1-Type Containing 2A 

TXNIP 1.3 610-6 0.03 Thioredoxin Interacting Protein 

LRIF1 1.2 210-5 0.04 Ligand Dependent Nuclear Receptor Interacting Factor 1 

AHSA1 1.2 210-5 0.04 Activator Of Hsp90 ATPase Activity 1 

DNAJA1 1.2 610-5 0.05 DnaJ Heat Shock Protein Family (Hsp40) Member A1 

HIKESHI 1.2 110-5 0.04 Hikeshi, Heat Shock Protein Nuclear Import Factor 

CAP2 1.1 110-4 0.05 CAP, Adenylate Cyclase-Associated Protein, 2 (Yeast) 

HIBCH 1.0 110-5 0.04 3-Hydroxyisobutyryl-CoA Hydrolase 

CLK1 1.0 110-4 0.05 CDC Like Kinase 1 

VIPAS39 1.0 510-5 0.05 
VPS33B Interacting Protein, Apical-Basolateral Polarity 
Regulator, Spe-39 Homolog 

SPR 1.0 210-5 0.04 
Sepiapterin Reductase (7,8-Dihydrobiopterin:NADP+ 
Oxidoreductase) 

CCDC84 1.0 810-5 0.05 Coiled-Coil Domain Containing 84 

aAll genes with differential expression between cell lines treated with luminespib (n = 3) 
compared to control cells (treated with DMSO) above 1.0 and adjusted P-values (false discovery 
rate, FDR) from paired samples t-test below 0.05 are included. All genes had higher expression in 
the cell lines treated with luminespib. The genes are sorted by their mean differential expression. 

 

 


