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1 Data availability

European Genome-phenome Archive (EGA) accession EGAS00001001746.

2 Supplementary methods

2.1 Western blot analysis

Protein amount was determined using the BSA assay following the manufacturer’s protocol. For cell lines 30 pug
protein and for primary cells 15 ug protein was loaded on a 4-15% gradient SDS polyacrylamide gel (Bio-Rad).
For comparative evaluation of molecular mass, 5 il of PageRuler Prestained Protein Ladder (Thermo Scientific)
was loaded next to protein samples. Proteins were transferred to a PVDF membrane (TransBlot® Turbo™
mini-size LF PVDF membrane, Bio-Rad) using the 30 min. standard transfer program of the TransBlot®
Turbo™ (Bio-Rad). After blocking with 5% BSA (w/v), membranes were probed with primary antibodies
either against PARP or against BTK, Syk, Akt and S6 ribosomal protein (1:1000 dilution, respectively), and
against the phospho-proteins p-BTK (Tyr223), p-Syk (Tyr525/526), p-Akt (Serd73) and p-S6 ribosomal protein
(Ser240/244) (1:500 dilutions) at 4 degrees celsius overnight, followed by 1 hour incubation at room tempera-
ture (RT). Membranes were washed three times with TBST and exposed to the appropriate HRP-conjugated
secondary anti-rabbit or anti-mouse antibody (1:10 000) for 1 hour at RT and washed three times with TBST
for 10 minutes before chemiluminescence detection. Proteins were detected with an enhanced chemilumines-
cence substrate solution (EZ-ECL, BI Biological Industries) using the semi-automated Chemidoc camera-based
imager (Millipore). Equal protein loading and quality was controlled by stripping the blots for 15-20 minutes at
RT in Restore Western blot Stripping buffer (Pierce), washing twice in TBST at RT, blocking with 5% bovine
serum albumin for 1 hour, and re-probing the membrane with an anti-Actin antibody (1:10 000) and anti-mouse
secondary antibody.

The following antibodies were used: primary antibodies against PARP (Rabbit mAb, #9542), Akt (40D4
Mouse mAb, #2920S), p-Akt (Serd73, D9E Rabbit mAb, #4060S), S6 ribosomal protein (5G10 Rabbit mAb,
#2217S), p-S6 ribosomal protein (Ser240/244, Rabbit, #2215S), BTK (D3H5 Rabbit mAb, 8547S), p-BTK
(Tyr223, Rabbit, 5082S), p-Syk (Tyr525/526, C87C1 Rabbit mAb, #2710S) were purchased from Cell Signaling
Technology (ZA Leiden, Netherlands) and used in a 1:1000 or 1:500 (phospho-antibodies) dilution in 5% BSA.
The monoclonal antibody against Syk (4D10 Mouse, #sc-1240) was used at a 1:1000 dilution and was obtained
from Santa Cruz Biotechnology. To ensure equal loading membranes were re-probed using the primary anti-f3-
actin antibody (8H10D10 Mouse mAb, #3700) from Cell Signaling (ZA Leiden, Netherlands) at 1:5000 dilution
or anti-GAPDH-peroxidase antibody (clone GAPDH-71.1 Mouse mAb, #G9295) from Sigma-Aldrich at 1:30000.
Mouse and rabbit- secondary HRP-conjugated antibodies were purchased from abcam (rabbit-HRP ab6721,
mouse-HRP ab6728) and used at a 1:10000 dilution in 5% BSA.

3 Quality assessment and control

We used multiple steps of data quality assessment. First, we assessed the sensitivity of the platform by asking
whether it could detect known gene-drug associations and expected correlations between similar drugs. To
assess the robustness of the platform and safeguard against “batch effects” that have the potential to confound
high-throughput experiments, we repeated the analyses taking the time point of experiments as potential batch
confounders into account Supplementary Fig. S30. In addition, we assessed the reproducibility between different
batch time points and compared the same samples from three patients in independent experiments Supplemen-
tary Fig. S31. The data were highly reproducible (Pearson correlation coefficients: 0.74, 0.86, 0.92 (48 h) and
0.81, 0.85 and 0.90 (72 h)

4 Data analysis

4.1 Raw data analysis

To quantify the response of a patient sample to a drug at a given concentration, we used viability relative to
control; this value is the CellTiter Glo luminescence readout of the respective well divided by the median of
luminescence readouts of the 32 DMSO control wells on the same plate. We used the R/Bioconductor package
cellHTS2 version 2.26.0 [1] for processing the raw files obtained from the plate scanner.



4.2 'Whole exome sequencing analysis

Reads were mapped to the human reference genome (GRCh 37.1 / hg 19) using BWA (version 0.6.2)(68) with
default parameters and maximum insert size 1000 nt. BAM files were sorted with SAMtools (version 0.1.19),
and duplicates were marked with Picard tools (version 1.90). The resulting mean coverage was 105x (range 56x —
193x) Table S4. For the detection of single-nucleotide variants (SN'Vs), we applied a genome sequencing analysis
pipeline established at DKFZ, which is based on SAM-tools mpileup and bcftools with parameter adjustments
to allow for calling of somatic variants with heuristic filtering as previously described [2]. After annotation with
RefSeq (version September 2013) using ANNOVAR [3], somatic, non-silent coding variants of high confidence
were selected.

4.3 RNA-seq analysis

The RNA-Seq reads were demultiplexed and aligned to the human reference genome (GRCh 37.1 / hg 19) using
STAR version 2.3.0 [4] with default parameters. Read counts per gene were obtained with htseq-count [5] using
the default mode union. Differential expression calling was performed using DESeq2 [6].

4.4 SNP array analysis

IDAT files were processed using GenomeStudio (Illumina, San Diego, CA, USA). Features located on sex
chromosomes were excluded from the analysis. Segmentation of the normalized log2 ratios was performed
by applying the circular binary segmentation (CBS) algorithm available [7] in the R/Bioconductor package
DNAcopy version 1.38.1. Segments with a mean log2 ratio deviating by more than 0.18 from the median log2
ratio calculated over all features were called chromosomal gain or loss, respectively. To identify regions of allelic
imbalance and loss of heterozygosity (LOH), we used the approach of reference [8].

4.5 Integrative data analysis

Analyses were performed using R version 3 and included univariate association tests, multivariate regression
with and without lasso penalization, Cox regression, generalized linear models, principal component analysis and
clustering. We used a model-free data analysis approach that did not rely on fitting parametric response curve
models. Generally, we considered the data from each concentration separately to allow for dose-dependent target
specificity. For some visualizations and lasso models (as indicated), we used averages of responses either at all
concentrations, or at the two lowest concentrations for kinase inhibitors, where off-target activity at higher doses
was a concern. For Figure 6a, the data for 17 drugs each at two concentrations were considered: for fludarabine
and nutlin-3 at the two highest concentrations, for the other 15 at each of the two lowest concentrations. A
version of the same visualization, using all drugs that passed quality control and showing more concentrations,
is provided in Supplementary Fig. S8. For each column, median and 1.4826 times the median absolute deviation
(i. e., a robust estimator of scale that coincides with the standard deviation in the case of normal data) were
computed, and data in each column were centered and scaled by these values, resulting in robust z-scores. The
heatmap was plotted using the CRAN package pheatmap. The rows (patients) were grouped by disease category.
Within each group, an ordering of the rows was obtained from the dendrogram that resulted from hierarchical
clustering with the Euclidean metric (R function hclust). Within-tree branch flips were permitted to arrange
responders to BCR inhibitors towards the top. The columns were globally ordered using the dendrogram order
produced by hclust with default branch arrangement.

4.6 Associations of ex-vivo drug responses with genomic features

We tested for associations between drug viability assay results and genomic features by Student’s t-tests (two-
sided, with equal variance). Each concentration was tested separately. We tested somatic mutations (aggre-
gated at the gene level), copy number aberrations, methylation groups (low programmed: LP, intermediate
programmed: IP, High programmed: HP) and IGHV status. We restricted the analysis to features that were
present in at least 3 patient samples (63 features). p-values were adjusted for multiple testing by applying the
Benjamini-Hochberg procedure. For Figure 9a and Supplementary Fig. S19 and S20 viabilities across different
drug concentrations were aggregated using Tukey’s median polish method.

4.7 Batch effects

The screen was performed in three groups of batches over a time period of 1.5 years. To control for confounding
by the different batch groups we repeated the drug-feature association tests using batch group as a blocking
factor and a two-way ANOVA test. We then compared the p-values from both tests (Supplementary Fig. S30).
Only one drug, bortezomib, showed discrepant p-values, and exploration of its data suggested that it lost its



activity during storage. The data for this drug were not used for further analysis. For all remaining associations,
testing with and without batch as a blocking factor yielded equivalent results. Therefore, all reported p-values
for associations are taken from the t-tests without blocking for batch effects.

4.8 Gene expression and gene set enrichment analysis

For the n = 123 patient samples for which we had drug sensitivity data and RNA-Seq data, we searched for
associations of these two data types. Using the DESeq2 method we regressed the RNA-Seq read count data
onto the drug response groups (BTK, MEK, mTOR, weak responder). Differentially expressed genes between
groups were selected (raw p-value < 0.05) and ranked by their test statistics. Parametric Analysis of Gene Set
Enrichment (PAGE) [9] was applied to the ranked lists with the C6 and H gene set selections from the MSigDB
database (http://software.broadinstitute.org/gsea/msigdb). The same procedure was used to identify
gene expression signatures of CLL patient samples with trisomy12.

4.9 Survival analyses

Survival times were calculated from the time of sample collection to death (overall survival: OS) or to treatment
(time to treatment: TTT). Follow-up information to calculate OS was available for all 184 CLL patients. For
174 of 184 CLL patients treatment information after sample collection was available. The impact of genomic
features on survival endpoints was tested using the log-rank test. Impact of normalized drug responses as
continuous variables on survival endpoints was calculated by univariate Cox regression modeling. Multivariate
Cox regression modeling was performed to assess the impact of drug responses on survival endpoints in the
context of important other covariates. For visualization purposes (i.e., not for inference), optimal cut-points of
drug responses were calculated using maximally selected rank statistics as computed by the R/CRAN package
maxstat [10]. Based on these cut points, patients were split into two groups, and their survival data were plotted
using the Kaplan-Meier method.

4.10 Penalized multivariate regression

We performed multivariate regression to explain drug responses by the available potential predictors. We used
a Gaussian linear model with L1-penalty (i.e., lasso regression) as implemented in the R package glmnet version
2.0 [11] with mixing parameter alpha = 1.

As the dependent variable, the average viability value across all 5 concentrations was used for the chemothera-
peutics (fludarabine, doxorubicine and nutlin-3) and the average of the two lowest concentrations for the targeted
drugs (ibrutinib, idelalisib, selumetinib, everolimus and PRT062607). As input to the model, the expression
data were normalized and transformed using the varianceStabilizing Transformation function from DESeq2, and
both expression and methylation data were filtered to include only the top 5000 most variable features each.
Gene mutations were only included in the model if present in at least 5 samples. Features with more than 10%
missing values were excluded, and only patients that were characterized in at least 90% of each data type’s
features were included in the model. Remaining missing values were imputed by the mean for methylation data
and by the most common mutation status for genetic data. n = 102 samples were used for model fitting.

As predictors in the lasso model the genetic mutations (p = 11) and IGHV status (coded as 0-1), demographics
(age, sex), pretreatment (coded as 0-1) and the top 20 principal components of gene expression and methylation
data were used. All features were scaled to unit variance and mean zero before using lasso to achieve fair
treatment of all predictors by the penalty constraint.

To compare explanatory power of different data sets (Figure 11), a separate model was fit including only
predictors of one omic type at a time as well as a joint model including all predictors. Using 10-fold cross-
validation the optimal penalty parameter A was chosen to minimize the cross-validated R? of the model using
the function cv.glmnet. As a measure of explained variance the reduction in cross-validated mean squared
error relative to the null model was calculated. For single features, i.e., IGHV, the R? from a standard linear
model was used as corresponding quantity. Mean and standard error of the explained fraction of variance were
obtained from 100 repetitions of cross-validation.

For the models shown Figure 12, only genetic features, IGHV status, pretreatment (coded as 0, 1) and methy-
lation cluster (coded as 0, 0.5, 1) were considered, which resulted in n = 168 cases and p = 13 features after
removal of features with more than 10% missing values. Remaining missing values were assumed to be 0. Adap-
tive lasso [12] was used to consistently select genetic features that modulate drug response. The model was
fit using the function glmnet without standardization of the predictors and with penalty factors given by the
inverse of the absolute coefficients from a linear model fit. Using 10-times repetition of 10-fold cross-validation,
the optimal penalty parameter A was chosen to minimize the cross-validated R? of the model using the function
cor.glmnet from the R package ipflasso.
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1.25

‘‘‘‘‘‘‘

1.004

o

~

a
'

Viability
°
g

YM155
cephaeline
SD51
MIS-43
navitoclax
arsenic trioxide
SDO07
bortezomib
afatinib
TAE684
SGI-1776
AZD7762
SCH 900776
BX912
duvelisib
orlistat
idelalisib
ibrutinib

rotenone
KX2-391
AT13387
dasatinib
UCN-01
nutlin-3
rabusertib
BAY 11-7085
tipifarnib
tamatinib
gefitinib
VE-821

NSC 74859
encorafenib
BML-277 + rabusertib

PRT062607 HCI

venetoclax
SNS-032
chaetocin
doxorubicine
vorinostat
PF 477736
chaetoglobosin A
MK-2206
KU-60019
rigosertib
silmitasertib
everolimus
SGX-523
ruxolitinib
enzastaurin
BIX02188
BML-277
spebrutinib
MK-1775

actinomycin D
fludarabine
CCT241533
sotrastaurin
saracatinib
thapsigargin

concentrationindex e 1 e 2 e 3 o 4 5

Figure S1: Drug induced effects on cell viability.
Relative cell viability of 246 primary tumor samples, compared to negative control, after treatment with n =
64 drugs at 5 concentrations each is shown along the y-axis. Drug concentrations are color coded, highest
concentration: 1, lowest concentration: 5. The plot shows high variability of effects between different drugs,
from mostly lethal (left) to mostly neutral (right), concentration dependence of effects and high variability of
effects of the same drug/concentration across patients.
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Figure S2: Inhibition of calcium release after IgM stimulation.

BL-60 and HBL-2 cells were stained with Fluo-8 (abcam), a calcium sensitive fluorescence dye. 5x 10* cells/well
were re-suspended in RPMI containing 1% FBS and stained according to the manufacturer’s instructions. After
pre-incubation with ibrutinib (500nM) and AZD7762 (500nM), cells were imaged over a period of 6.3 minutes
with a Zeiss cell observer microscope and a 2.5x objective. IgM (BD) was added to achieve a final concentration
of 10 ug/ml. A constant frame of 180.6 um? was chosen and the mean intensity for each frame and time point
was calculated. Both ibrutinib and AZD7762 blocked calcium mobilization after IgM stimulation.
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Figure S3: Effect of AZD7762 on key signaling cascade members of the B-cell receptor pathway.
AZD7762 inhibited the phosphorylation of proteins involved in BCR signaling. Western blot analysis of the
human mantle cell lymphoma cell line HBL-2 (A) and primary CLL cells (B) after 4 h treatment with AZD7762.
DMSO, 0.001% (v/v), was used as vehicle control (C-), and cell lysate of GRANTA was used as antibody control
(C+). Primary samples were treated with 500 nM AZD7762 (AZ) or Ibrutinib (Ibru): 500 nM. Data shown
in (A) are representative of three independent experiments. Blots shown in (B) are the result of a single
experiment. For each condition 15 pg of protein lysate were loaded. Membranes were probed with phospho-
and total protein specific antibodies as indicated.
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Figure S4: AZD7762 induces apoptosis of primary CLL cells.

Panel A) shows AZD7762 (CHEK1/2 inhibitor) induced apoptosis in primary CLL cells co-cultured with
stroma cells (HS-5 cells). Apoptosis induction was measured after 48 h of drug exposure by flow cytometry and
annexin-V / propidium iodid (PI) stains. Data was normalized to untreated controls. U-CLL (n = 4) patient
samples are more sensitive to AZD7762 than M-CLL (n = 4) patient samples (p < 0.01).

Panel B) shows examples of FACS plots for U-CLL (n = 2) and M-CLL (n = 2) patient samples treated with
10 uM AZD7762 and untreated controls).

Panel C) shows western blots demonstrating PARP cleavage in U-CLL patient samples (n = 3) exposed to
AZDT7762, as a sign of apoptosis induction.

Panel D) shows U-CLL patient samples treated for 48 h with 10 uM Q-VD-OPh (pan-caspase inhibitor) and/or
10 uM AZD7762. Apoptosis induction of AZD7762 could be in part inhibited by the pan-caspase inhibitor Q-
VD-OPh, which indicates that the majority of AZD7762 mediated cell death is through apoptosis.
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Figure S5: Association between the response to HSP90 inhibitors and IGHV status.

CLL patient samples (n=120) were treated with Ganetespib or Onalespib and studied for drug response ex-vivo.
After treatment with five different concentrations for 48 hours, viability of CLL cells was measured with the
CellTiterGlo assay. Viabilities are shown for IGHV mutated (M) and IGHV unmutated (U) CLL samples.
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Figure S6: Drug-drug correlations in MCL and T-PLL.

The heatmaps show the drug-drug correlation matrices for all pairs of drugs for MCL and T-PLL. They com-
plement Figure 3 in the main text. Pearson correlation coefficients were computed from the average of the drug
responses at the two lowest concentration steps, within the subset of (Panel A) MCL patient samples (n = 10)
and (Panel B) T-PLL patient samples (n = 25). Clusters of drugs with high correlation and anti-correlation
are shown by red and blue squares, respectively. In MCL, the major clusters include: (I) kinase inhibitors
of the B cell receptor, incl. idelalisib (PI3K), ibrutinib (BTK), duvelisib (PI3K), PRT062607 (SYK); (II) in-
hibitors of redox signaling / reactive oxygen species (MIS-43, SD07, SD51) and (III) BH3 mimetics (navitoclax,
venetoclax). In T-PLL, the correlations are less pronounced, e.g., BTKi and PI3Ki correlations are largely lost.
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Figure S7: Summary of disease-specific drug effects.

The heatmap shows significant differences in drug responses of CLL samples (used as a common reference;
n = 184) versus MCL: mantle cell lymphoma (n = 10), MZL: marginal zone lymphoma (n = 6), LPL: lym-
phplasmocytic lymphoma (n = 4), B-PLL: B-Prolymphocytic leukemia (n = 3), HCL: hairy cell leukemia
(n = 3), T-PLL: T-Prolymphocytic leukemia (n = 25), AML: acute myeloid leukemia (n = 5) and hMNC:
human mononuclear cells (n = 3). Drug responses between patient groups were compared with ¢-tests (null
hypothesis: no difference), and two-sided p-values were computed. Multiple testing was accounted for with the
Benjamini-Hochberg method, so that the rejection threshold corresponded to a false discovery rate (FDR) of
10%. Significant associations according to this threshold are shown with the color scale, where hue indicates
the sign of the difference (pink: less, blue: more sensitive compared to CLL) and intensity the raw p-value, as
indicated by the color key. Association tests for which the null hypothesis was not rejected are shown in light
grey. The five columns within each block correspond to the five concentrations tested (cl: highest, ¢5: lowest,
see Table S2).
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Figure S8: Global overview of drug response landscape.

The heatmap provides the drug response landscape for the 246 blood cancer samples. The viability measure-
ments are shown on a z-score scale: for each column (response profile of a drug at one concentration), data
were centered and scaled. 116 columns corresponding to a total of 53 drugs are shown (for the purpose of
this visualization, 204 columns with insufficient variation across samples were omitted). The color bars to the
right show sample annotations. The ordering of the samples and drugs was induced by a hierarchical clustering
dendrogram (Euclidean metric, complete linkage). Prior to clustering, samples were divided into six disease
groups, indicated by the horizontal gaps. Drug response based clustering indicates the existence of functionally
defined disease subgroups.
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Figure S9: Relative effects of BCR inhibitors (SYK, PI3K), everolimus (mTOR) and selumetinib
(MEK) on cell viability and gene expression.

Similar to Figure 6b in the main manuscript, but with PRT062607 HC1 (SYK inhibitor, Panel A) and idelalisib
(PI3K inhibitor, Panel B) instead of ibrutinib (184 CLL samples). Green dots represent pretreated samples.
Panel C) Comparison of gene expression responses to drug treatments. 12 CLL samples (6 M-CLL and 6
U-CLL) were treated with ibrutinib, idelalisib, selumetinib, everolimus and negative control. Gene expression
profiling was performed after 12 hours of drug incubation using Illumina microarrays. For each sample, drug and
gene, the logarithmic fold change (LFC) between treatment and negative control was calculated, and the 2000
genes with highest median absolute LFC across samples and drugs were selected. LFCs were median-summarized
across samples. For each pair of drugs, the correlation coefficient across the 2000 genes was calculated. The
resulting correlation matrix is shown with the color code. The gene expression changes induced by idelalisib and
ibrutinib were similar, whereas selumetinib and everolimus each led to expression changes of different genes.
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Figure S10: Derivation of thresholds for the decision tree model.

Panel A) For each of the drugs ibrutinib (targeting BTK), everolimus (mTOR) and selumetinib (MEK) we used
the mean values from concentrations 156 nM and 625 nM and considered the distribution of these values across
all CLL samples, shown in the histogram. In A) the histogram shows exemplarily the response to ibrutinib. We
assumed that this distribution was a mixture of two components: (1) a null distribution (corresponding to no or
negligible response to the drug), which is symmetric about 1, and (2) an alternative distribution (responders),
which has negligible mass above 1. We then used the mirror method, as follows, to derive a common threshold
for response versus weak response for all three drugs. First, we computed the standard deviation o of the values
> 1, with mean fixed to 4 = 1. The corresponding normal density is shown by the blue line. The observed values
x were transformed into z-scores z = (z — u)/o. If the assumption is made that the fitted normal density (blue
line) is a good approximation of the null distribution, the z-score can be interpreted as a probability, namely
the false positive rate (FPR) via the relation FPR = 1 — Fy(z), where Fy is the standard normal distribution
function. Setting the target FPR to 0.05 we derived the threshold of 0.9014 (vertical red line).

Panel B) Two-dimensional inverted scatterplots for response to ibrutinib versus everolimus, and selumetinib
versus everolimus. Each point corresponds to a patient sample (n = 184). The common threshold that we used
to separate responders from weak-/non-responders is shown by the black lines. The axes are inverted and show
1-viability, hence the threshold 0.9014 derived in Panel A corresponds to 0.0986 in this representation. Weak
responders (lower left quadrant) are color coded in grey, responders in green (mTOR), blue (BTK) or purple

16



enriched
9/23 2223 | 5578 |IGHV

7 14/49 421 9126 trisomy12

18/23 15/26 55/77 |del13q14

>
@

0.8

0.6
1

Patients without treatment (%)

0/25 115 311 0/49  KLHL6
< |
o
NE— 950 | 1122 | 325 | 1381 |TP53
o
©  |Drug response 1125 4/15 011 1/49  MED12
— BTK
— MEK
— mTOR U_J| < 3 s
gf none x m — m
T T T T T T x O >
0.0 05 1.0 1.5 20 25 3.0 35 a A
Time (years)
Number at risk
BTK 49 24 16 10 5 3 2 0
MEK 23 7 6 4 2 2 0 0
mTOR 25 14 12 9 5 2 1 0
BTK
C - D | 0 (mToR) VIEK
4 i
own . mTOR
6001 B oo
51 FDR 5%
°
2 .
- g s e ©
o
g . ° o
Y = S PSP L
200 Y o
4] @
0 . -3
& & £ 5 & ¢ © g 8 g =

Figure S11: Characterization of drug response groups in CLL.

Panel A) Kaplan-Meier plot for time from sample collection to next treatment for the four groups. Patients
in the mTOR-~group had a longer time to next treatment (T'TT) than patients in the BTK-group (p=0.05) and
MEK-group (p=0.02). Other comparisons were not statistically significant. Panel B) Incidence of somatic
gene mutations and CNVs in the four groups. Enrichment and depletion were assessed using Fisher-tests, and
associations with p-value < 0.05 are highlighted by colors. Panel C) Number of differentially expressed genes
between drug response groups. Differentially expressed genes were calculated by the DESeq2 method (FDR
10%). These genes were largely not overlapping. A gene enrichment analysis for differentially expressed genes
is provided in S12 and S13. Panel D) Significantly (FDR 5%) increased IL-10 mRNA expression in mTOR
group patients (purple). Other important cytokines / chemokines were not differentially expressed.

17



BTK group

ADAMS (ADAM metaliopepiidase domain 8 )
TEAD1 (TEA domain transcription factor 1)
TFCP2L1 (transcription factor CP2-like 1)
DUSPS (dual speciity phosphatase 5)

QP9 (aquaporin 9 )
v (ankyrin 3, node of Ranvier (ankyrin G) )
FMNL2 (formin like 2
FAM1748 famiy wih sequence simiaiy 174 member B)
LAGS3 (lymphocyte activating 3 )
IL1R2 (nterloukin 1 receplor type 2 )

ITPKA 3-kinase A )
DUSPS (dual specifiity phospha‘ase o)

LR (toll like receptor 8 )
TRIM2 (tripartite motif containing 2)
LRCH1 (leucine rich repeats and calponin homology domain containing 1)
RCAN2 (regulator of calcineurin 2 )
SLCOBAT (solute carrier organic anion transporter family member 5A1 )
A2 (palanin racsplor
f (eparin binding EGF like growth factor )
e il e recapior
GPRIB1G potain 2ouplad receplor 18)
CD1A (CD1a molecule )
TAPTH (transmembrane anterior posterior transformation 1 )
EMP opihalial membrane protein 1)
SH2D2A (S| 12 domain containg 2% )

LILRAS (leu coptor A5 )

SBHHGHT (s inger DRV ype fadiii

GFI1 (growth factor independent 1 tvanscnpl\ona\ repressor )

TERT {clomerace roverse rancarpas

SCN18 (soclum voliage-gated channa) beta subunit 1)

ALDHBAT (aldehyde dchvdvovcndac 8 famiy member A1 )
AT:

ADAMS (ADAM metallopeptidase domain 8 )
DUSPS (ualspecifity phosphatase 5)
P2RX4 (purinergic receptor 4)

THBS1 (thrombospondin 1)

AQP9 (aquaporin 9

LDLR (iow density lipoprotein receptor )
VEGFA (vasaularendothell growth factor A)
CSF1 (colony stimulating factor 1)

SLC2A6 (solute carrier family 2 member
HES! (hes family bHLH transcription factor 1)
PFKFB3

MSC (musculin )
TLR2 (ol ke recsplor 2)
SOCS3 (suppressor of oytokine signaling 3)
BTG (BTG ant- Srolferaton facir 1)
JAG! (jagged
B! rmendn 1)
PHLDAT (pleckstin homology ke damain ey A member 1)
MAP2K3 (milogen activaled prolin kingss kinase 3
ID2 (inhibitor of DNA bining 2, HLH prol
IL7R (interleukin 7 receptor )

S e bineing 2GF ke growth factor )
NINJT (ninjurin 1)
LIF foukemia inhiotory ector)

roguitod dnace 1)

OO enaenmiaiis ayna fttor s
FMEPAT (prostalo ransmembrans prtoin, ancirogen induced 1)
SMADS (SMAD family member 3)
SERPINGR serpin famiy & member 2

ivator, urokinase receptor )

G orarbron gamma receptor 2 (interferon gamma transducer 1) )
TNFAIP2 (TNF alpha induced protein 2 )

4A (mannosy (alpha-1, ~1.4-N isozyme A) TNFAIP3 (TNF alpha induced protein 3 )
Jryattisie GOS2 (GO/G1 switch 2 )
2A) AXL (AXL receptor tyrosine kinase )
GOS2 (GO/G1 switch 2) C3AR (complement component 3a receptor 1)
ITGA2 (integrin subunit alpha 2 ) SGMS2 (sphingomyelin synthase 2 )
AXL (XL receptortyrosine kinase ) TIMP (TIMP metalopeptdase inhibior 1)
P3 (aquaporin 3 (Gill blood group) ) ATP2A2 (ATPas reticulum Ca2+ transporting 2 )
s pachyury ranserplonfactor ) component 5a ecopor 1)
FBLN2 (iibulin SENAGE (eomapna
CVITM (BKLF ke MARVEL transmembrane domain contaning 7) ROURSA (Sciie A Tecoptor type 24)
DSP. SCARF1 (scavenger receptor class F member 1)
SOCS3 (suppressor of cytokine signaling 3 ) NCRP3 (NCF fami pyrin domain contaiing 3)
ABCAZ (ATP binding cassetle subfamiy A member 2) N (podoplanin
YES1 (YES proto-oncogene 1, Stc family tyrosine kinase ) ETAPR ot bohating fector receptor)
RASSFB (Ras association domain family member 8 ) FPR1 (formyl peptide receptor
AEBP1 (AE binding protein 1) R RTB RGR captor suparlamiy member 18)
GOL1A2 (collagen type | alpha 2 chain ) HIF1A (hypoxia inducible factor 1 alpha subunit)
STARDS (SIAR rlaled o harater Somain containing 8) SCA1S feoum volago-geied chonnelLata st 1)
IXA1 (annexin
IGFBPS (nsuin| hke  growth factor binding protein 3) PROKE (prokinetion 2)
YO7B (my KCNJ2 (potassium voltage-gated channel subfamily J member 2 )
)

L1y (\mev\eukm 15
in)
BSLNS fiain )
COL1A2 (collagen type | alpha 2 chain )
SNTB1 (syntrophin beta.
TGFBR3 (transforming growth factor beta receptor 3)
ITGBS (integrin subunit beta 5 )
LOXL2 (lysyl oxidase fike 2 )
IGFBP3 (nsuin ko growh factor binding protin 3)
CDH2 (cadheri
VLK (ryosm Tt chain kinase
FBN1 (brilin 1)
‘GA2 (integrin subunit alpha 2 )
HCE (amranain | converang nzyme )
GADDASG (growth arst and DNA damage inducible gamma )
PRDM1 (PRISET domain 1
EPB41L3 (erythrocyte membrane protein band 4.1 like 3 )
AAKT (AP2 associated kinase 1) DUSPS (cial spociicty phosphatase 6 )
GPCT (qutaminy-peptide yclotansterase ) TLRS (tolllike receptor 8 )
2 (N-myristoylransferase 2 ) TSPANT3 (tetraspanin 13 )
BHKGH (roton e G o) EMP1 (epithelial membrane protein 1)
STS (steroid sulfatase (microsomal), isozyme S ) 12 (A-kinase anchoring protein 12 )
MIMRTt (myolubulan rlated protén 11) MAFB (MAF bZIP transcription factor B )

T 1004 (5160 eatcm binding protein A4)
CRIM1 (cysteine rich transmembrane BMP regulator 1
CSGALNACTA (chondroitin sulfate N-acetylgalactosaminyltransterase 1)
SLC2AS (sautscarrier famly 2 mermber 6)
KCTD12 (potassium channel tetramerization domain containing 12 )
GCLM (gmamam cysteine ligase modifier subunit )
GCR1 (C-C molif chemokine receptor 1)
EREJ44A (g o proiem 1448
NUAKT (NUAK family kinase 1)
WEZ (malic onzyme 2)
ho GTPase activating protein 26 )

CAMKON (i amicalmoauin dspoaam protai kinase Il nibitor 1)
RSADS (racal S-adenosyl melfionine comain containing 2)
PDE4D (phosphodiesterase
GYP1BT (cytochrome P450 family 1 subfamily B member 1 )

IDP-N-acetyl)-2-epi N kinase )

TES (fsti LIM domain rotein)

SMAGP (small cel n glycoprotein ) TMEM176B (transmembrane protein 1768 )
PKD? (polycystin 2. transient tecepior potantial cation channel ) EVIS5 (ecotropic viral integration site
GRAMD3 (GRAM domain containing 3) GLRX (glutaredoxin )

GADDASG. (ot arress ana DA Gamage Inducible gamma) PLEK2 (pleckstrin 2 )
$LCa9AL4 (Solute carr amiy 99 member 14) CBX8 (chromobox 8
WNT11 (Wnt family )
uBEzN (ubmumn con‘ugalmg enzyme E2N ) [

) roating frame 52 ) I
vdroiase I
FZD7 (nzzled ass receptor 7)

—~oncogene, transcription factor )

OSB3
TMESF! (ransmembrane 6 superfamiy membe 1)

THBD )
FGFR1 (fibroblast growth factor receptor 1)
LPL (iipoprotein lipase )

$100A4 (5100 calcium binding protein A4 )

KCTD3 {potassium channel teramerization comain containing 3)
mponent 3a re

APPL2 (adaptor prolem phosphmyvosme mtevaclmg with PH domain and leucine zipper 2 )

CsAl ient 5a receptor

TG0 & e taci e faly 3 ember B

CLECTA (C-type lectin domain family 7 member A )

SEMAAD (semaphorin 4D )

THBD )
TWF1 (winfilin actin binding protein 1)
FBXOS2 (F-box protein 32)

palils A virus cellular receptor 2 )

autophagy activating kinase 2 )
PHLDAT (pleckstrin homology ke domain family A member 1)

EOME
IL7R (interleukin 7 receptor

GNA12 (G protein subunit alpha 12 )
Q108 (coenzyme Q108 )

regulated kinase 1)

SroniTor deubiqutinase 1|

GPRING (GPRIN famiy member3)

ACVRI (activin A receptor

NEGAP (NEGAP andaoes asociated 1)

KCNJ2 (potassium volage-gated channolsubfarly J membor 2)
TAS Sial oncogen homoio)

Figure S12: Gene expression associated with the BTK group.

Using the RNAseq data available for patient samples, differentially expressed genes between the BTK group
(n = 30) and weak responders (n = 59) were identified and subjected to gene enrichment analysis using the
MSigDB gene set collections C6 and Hallmark (http://software.broadinstitute.org/gsea/msigdb). The
top five enriched gene sets of the two gene set collections are shown together with the differentially expressed
genes they contain. Differential gene expression analysis was performed with DESeq2 using a loose threshold
(p<0.05) [6]. Gene enrichment analysis was performed on the ranked gene lists using the Parametric Analysis
of Gene Set Enrichment (PAGE) [9]. For each of the shown genes, we also computed the Pearson correlation
coefficient with response to ibrutinib, within the BTK group samples; as well as the correlation test p-value.
Genes for which p<0.05 and the absolute correlation coefficient >0.5 are marked with a + or — (depending on the
sign of the coefficient). In this figure, the number of these genes is small and may potentially be explainable by
multiple testing; a comparable analysis was performed for genes associated with the mTOR, group in Figure S13,
where the frequency of such genes is higher in Panel B.
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Figure S13: Gene expression associated with the MEK and mTOR groups.

Similar to Figure S12 for the MEK group (n = 18) vs. weak responders (n = 59) (Panel A) and the mTOR
group (n = 15) vs. weak responders (Panel B). The correlation tests were performed with respect to selumetinib
(Panel A) and everolimus (Panel B).
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Figure S14: Correlation of IL-10 mRNA expression and response to everolimus within the mTOR
group. Within the mTOR group (n = 15) we correlated IL-10 mRNA expression with response to everolimus.
Cases with a better response to everolimus had a higher expression of I1.-10. I1.-10 mRNA expression shows nor-
malized read counts on a logarithmic (base 2) scale. The DESeq2 package was used for library size normalization
and variance stabilizing transformation [6].
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Figure S15: Response to cytokines in CLL.

18 CLL patient samples were exposed to IL-2, IL-10, IL-4, IL-21 (¢1=0.001, ¢2=0.1, ¢3=10 ng/ul), LPS (c1=1,
¢2=10, ¢3=100 ng/pul) and IgM (c1=10 nM, ¢2=1, ¢3 = 10 uM) for 48 hours. Viability was measured using a
CellTitre Glo assay, and luminescence was normalized to unstimulated controls. The blue lines mark samples
from the mTOR group. IL-10 had a pro-survival effect on the majority of samples (t-test, c1 vs. ¢3 p=0.009),

but not on those in the mTOR group. IL-4 and IL-21 had pro-survival effects on most samples, including the
mTOR group (t-test, cl vs. ¢3 p<0.001).
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Figure S16: Ibrutinib induces apoptosis in primary CLL cells.

Panel A shows representative flow cytometry plots after drug exposure to 100 nM ibrutinib and for untreated
controls. Apoptosis induction was measured by annexin-V staining, and cell death was quantified by propidium
iodide (PI) staining.

Panel B summarizes the quantification of viable, i.e., annexin-V and PI negative, cells after 24 h and 48 h drug
exposure. These results are in agreement with the results based on the ATP-based (cellTiter Glo) viability
measurements.
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Figure S17: Effect of mutations on drug response. FExemplary beeswarm plots for associations between
drugs and gene mutations or structural variants are shown. p-values were calculated with two-sided t¢-tests.
Observed allele frequency (AF), a measure of clonality of the mutation, or fractions of cells are shown using the
color code. Panels A, B, E, F show CLL samples, C mantle cell lymphoma (MCL), D CLL (n=10) and hairy
cell leukemia (HCL, n=3) with BRAF mutation are shown.
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Figure S18: Drug response in CLL stratified by pretreatment.

Drug response in CLL stratified by pretreatment, TP53 and IGHV status (Student’s ¢-test). While pretreat-
ment is associated with decreased response to fludarabine and increased response to ibrutinib, these apparent
associations are driven by underlying causal associations with high risk genetics: TP53 for fludarabine, IGHV
mutation status for ibrutinib. After stratification into these genetically defined subgroups, there is no association
with pretreatment status.
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Figure S19: Associations of drug sensitivities with gene mutations and structural aberrations in

CLL.

Each point represents a test for a drug-gene interaction. The drug is indicated by the points’ position on the
x-axis, the mutation by the color key (significant associations only). The y-axis shows the test p-values on a
logarithmic scale. A simple two-group ANOVA was performed (as in figure 9 of the main text) but in contrast
to the analysis for main figure 9 we additionally accounted for pretreatment status by including it as a second
covariate. Multiple testing adjustment for FDR, control was achieved by applying the method of Benjamini and
Hochberg to all test p-values. For this analysis, the viability measurements for different drug concentrations

were aggregated using Tukey’s median polish method.

25



4
4
4
7 0
e 0
4
7
[ J 7
9 1 , ’
[ J ,/
7/
'
4 °
/7
7/
o 7
e
7
’ ®
£ ol
[ e
2 .
9 6' /, ®
8 [ ] Y //
2 ,/ [ J
o o
[ J
£ o e
c [ 4 ®
> ° ,/
8 ..90.
8 Py ® 4
- ° XA °
L ° ,6° °
8.’ 31 ®o° }o'.o e
i o0 °
S e o
’ °
s %o _o
P .o’ %
* ® . - -
5 Statistical Significance
7’ [}
7 Below 10% FDR in both models
,/ e Significant in both models
/,' Significant with pretreatment accounted
01 * e Significant without pretreatment in the model
4
/7
0 3 6 9

-logyop, pretreatment not considered

Figure S20: Impact of pretreatment on associations of drug sensitivities with gene mutations.

We compared p-values between the models described in supplementary S19 and main figure 9. A scatter plot
of this comparison in terms of the resulting association test p-values is shown. The scatter plot indicates that
the two analyses are highly concordant.
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Figure S21: Drug response associated with trisomy 12 within U-CLL and M-CLL.

The volcano plots show drug response differences between CLL patient samples with and without trisomy 12
as in Figure 10b of the main text but here separately for M-CLL (left; n = 92: 15 and 77 with and without
trisomy 12, respectively) and U-CLL (right, n = 69: 11 and 58 with and without trisomy 12, respectively). The
p-values (y-axis) were obtained from Student t-tests. The Benjamini-Hochberg procedure for multiple testing
was applied to the p-values, and the dashed horizontal line corresponds to a false discovery rate of 10%. For
each drug, several drug concentrations were tested, and we show the maximum difference in viability effect
between the two tested groups (z-axis).
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Figure S22: Drug response associated with trisomy 12.

The beeswarm plots show drug responses to MEK inhibitors (cobimetinib and trametinib) and ERK inhibitor
SCHT772984 at five different concentrations stratified by trisomy 12 status (n = 106 without trisomy 12 and
n = 13 with trisomy 12; Student’s ¢-test). ERK and MEK inhibition were more effective in trisomy 12 samples.
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Figure S23: Gene expression associated with trisomy 12.

(A) Distributions of the log,-fold change between samples with (n = 19) and without (n = 112) trisomy 12,
shown separately for the genes on chromosome 12 (blue) and on other chromosomes (red). The two distributions
are shifted with respect to each other by an amount that is consistent with log,(3/2) = 0.58 and thus with
gene dosage effects. (B) The heatmap shows row-centered and -scaled gene expression values for differentially
expressed genes between patients with and without trisomy 12, based on RNA-Seq data. Red indicates higher
expression while blue indicates lower expression. Analysis was performed with DESeq2 (FDR=10% and absolute

log,-fold change >1.5) [6].
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Figure S24: Gene set enrichment analysis for trisomy 12.

Differentially expressed genes between patients with (n = 19) and without (n = 112) trisomy
12 (raw p < 0.05) were subjected to a gene enrichment analysis using the Parametric Analy-
sis of Gene Set Enrichment (PAGE) [9]. Panel A shows the result from screening the Hall-
mark gene sets from MSigDB (http://software.broadinstitute.org/gsea/msigdb), Panel B those for KEGG
(http://www.genome.jp/kegg/pathway.html). Shown are the top enriched gene sets, corresponding to a thresh-
old of 1% FDR. (A) In line with increased activity of mTOR and PI3K inhibitors in trisomy 12 patients, PI3K-
AKT-mTOR associated genes were significantly enriched. (B) PAGE identified chemokine signaling, regulation
of actin cytoskeleton and BCR signaling to be significantly enriched. (C) The heatmap shows the row-centered
and -scaled gene expression values (from RNA-seq) for the genes annotated by KEGG to the chemokine signaling
pathway and differentially expressed between patients with and without trisomy12 (FDR=10%).
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The representation and analysis is analogous to Figure 12 of the main text

Figure S26: Lasso model for rotenone.
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Figure S27: Impact of genetic factors on survival.

The left panel shows a forest plot for the impact of mutations and CNVs on time to treatment and overall
survival. Hazard ratios (HR) were calculated for presence vs. absence of the genetic feature. The right panels
show exemplary Kaplan-Meier plots for IGHV status and TP53 mutation status. For the IGHV plots, the blue
line represents patients with mutated IGHV locus (<98% homology) and purple unmutated IGHV locus. For
the TP53 plots, the blue line represents patients with a TP53 mutation, the purple line patients with no TP53
mutation. The same Kaplan Meier plot for the impact of TP53 mutations on OS is also shown in Figure 13b.
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Figure S28: Impact of drug response on survival in untreated patients.

The plot is analogous to to figure 13a of the main text, but for this analysis only patients who were untreated

were used.

33



— 2 _
y =x+0.052, r*=0.55

6.0- 15
o
Q
c
[0]
(8]
(%]
g
g ~ 101
§ 551 g
o 8
g
ey
[e0)
N
g 51
5’ 5.0+

O.
5.0 55 6.0 0.5 1.0 15 2.0 2’5
log10(dayO ATP luminescence) (48h ATP luminescence) / (dayO ATP luminescence)

Figure S29: ATP luminescence of DMSO controls at the beginning and after 48 h of incubation.

The scatterplot on the left shows the ATP luminescence of patient samples without drug treatment (negative
controls) at the start of the incubation time (day0) and after 48 hours of culture. The majority of the samples
show comparable levels of luminescence at both time points, indicating that viability did not generally decrease
in this short-term culture assay. The regression line has an intercept of +0.052, which indicates that on average
there is even a moderate increase (13%, since 109952 &~ 1.13) of the ATP luminescence during the 48 hours of
culture, perhaps due to recovery from freezing stress. The histogram on the right shows ratios of ATP counts

between the time points.
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Figure S30: Assessment of batch effects.

To assess the potential impact of batch effects associated with different stages of the main screening campaigns,
we compared p-values for associations between drug responses and genetic features computed in two different
ways: two-way ANOVA with screening time point batches as a blocking factor (y-axis) and Student’s t-test,
which does not account for batch groups (z-axis). p-values below 10~% in at least one of the two analyses are
shown with triangular symbols. The results show good agreement for all drugs except for bortezomib.
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Figure S31: Reproducibility of drug response measurements.

The scatter plots show comparisons of drug response measurements in three patient samples that were repeatedly
assayed at two different time points. Repeated measurements were performed for 48 and 72 h incubation time.
Pearson correlation coefficients for measurements are shown within each plot. Triangles indicate data points
outside the plotting range.
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6 Supplementary tables

Table S1: Drugs. Drugs included in the drug screen.

Drug ID Compound Main targets Distributor
D_001 navitoclax BCL2, BCL-XL, BCL-W Selleck Chemicals
D 002 ibrutinib BTK Selleck Chemicals
D 003 idelalisib PI3K delta Selleck Chemicals
D_ 004 SNS-032 CDK2/7/9 Selleck Chemicals
D_ 006 fludarabine Purine analogue Selleck Chemicals
D_007  vorinostat HDAC I/IIa/IIb/IV Selleck Chemicals
D 008 bortezomib Proteasome Selleck Chemicals
D 010 nutlin-3 MDM2 Selleck Chemicals
D 011 enzastaurin PKC Selleck Chemicals
D 012 selumetinib MEK1/2 Selleck Chemicals
D_013 afatinib EGFR, ERBB2 Selleck Chemicals
D 015 MK-1775 WEE1 Selleck Chemicals
D 017 AT13387 HSP90 Selleck Chemicals
D 020 AZDT762 CHK1/2 Selleck Chemicals
D_021 rigosertib PLK Selleck Chemicals
D_023 ralimetinib p38 MAPK Selleck Chemicals
D_024 SGI-1776 PIM Selleck Chemicals
D 025 NSC 74859 STAT Selleck Chemicals
D 029 TAEG684 ALK Selleck Chemicals
D_030 MK-2206 AKT1/2 (PKB) Selleck Chemicals
D_032 NU7441 DNAPK Selleck Chemicals
D 033 tipifarnib Farnesyltransferase (FNTA) Selleck Chemicals
D_034 chaetocin Lysine-specific histone methyl- Sigma-Aldrich
transferase
D_035 saracatinib SRC, ABL1 Selleck Chemicals
D 036 tamatinib SYK Selleck Chemicals
D_039 thapsigargin Sarco/endoplasmic reticulum  Enzo Life Sciences
Ca2+ ATPase (SERCA)
D 040 YM155 Survivin Selleck Chemicals
D 041 BAY 11-7085 NFkB Enzo Life Sciences
D 043 SGX-523 MET Selleck Chemicals
D 045 KU-60019 ATM Selleck Chemicals
D 048 orlistat LPL Cayman Chemicals
D 049 chaetoglobosin A Actin Enzo Life Sciences
D_050 dasatinib ABL1, KIT, LYN, PDGFRA, Selleck Chemicals
PDGFRB, SRC
D_053 sunitinib VEGFR, PDGFRA/B, FLT3, Selleck Chemicals
KIT
D 054 gefitinib EGFR Selleck Chemicals
D_056 actinomycin D RNA synthesis Sigma-Aldrich
D_ 060 cephaeline 408 ribosomal subunit Sigma-Aldrich
D 063 everolimus mTOR Selleck Chemicals
D_ 066 arsenic trioxide Sigma-Aldrich
D_067 rotenone Electron transport chain in mi- Sigma-Aldrich
tochondria
D 071 KX2-391 SRC Selleck Chemicals
D 074 VE-821 ATR Selleck Chemicals
D 075 rabusertib CHK1 Selleck Chemicals
D_077 SCH 900776 CHK1, CDK2 Selleck Chemicals
D_078 PF 477736 CHK1, CHK2 Selleck Chemicals
D_079 spebrutinib BTK Celgene
D 081 venetoclax BCL2 Selleck Chemicals
D_082 duvelisib PI3K gamma, PI3K delta Selleck Chemicals
D 083 encorafenib BRAF Novartis
D_084  ruxolitinib JAK1/2/3 Selleck Chemicals
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ROS

ROS

ROS

DNA intercalation,
merase 11

CHK2

CHK2

PDK1

CK2

SYK

PKC, MK2, CHK1
PKC

JAK3

MEKS5

Topoiso-

Academic cooperation
Academic cooperation
Academic cooperation
Sigma-Aldrich

Sigma-Aldrich
MedChem Express
Selleck Chemicals
Selleck Chemicals
Selleck Chemicals
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Selleck Chemicals
Selleck Chemicals
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Table S2: Drug concentrations. Drug concentrations used in the drug screen.

Drug ID | cl [pM] 2 [pM]  ¢3 [uM] ¢4 [uM] 5 [pM]
D_001 1.000 0.250 0.063 0.016 0.004
D_002 40.000  10.000 2.500 0.625 0.156
D_003 40.000  10.000 2.500 0.625 0.156
D_ 004 4.000 1.000 0.250 0.063 0.016
D_ 006 40.000 10.000 2.500 0.625 0.156
D_ 007 20.000 5.000 1.250 0.313 0.078
D_008 20.000 5.000 1.250 0.313 0.078
D_010 40.000  10.000 2.500 0.625 0.156
D_o011 40.000  10.000 2.500 0.625 0.156
D 012 40.000 10.000 2.500 0.625 0.156
D_013 15.000 5.000 1.667 0.556 0.185
D_015 40.000  10.000 2.500 0.625 0.156
D_017 10.000 2.500 0.625 0.156 0.039
D_020 40.000  10.000 2.500 0.625 0.156
D_021 40.000  10.000 2.500 0.625 0.156
D_023 40.000 10.000 2.500 0.625 0.156
D_024 40.000 10.000 2.500 0.625 0.156
D_025 40.000  10.000 2.500 0.625 0.156
D 029 40.000  10.000 2.500 0.625 0.156
D_030 40.000  10.000 2.500 0.625 0.156
D_032 40.000 10.000 2.500 0.625 0.156
D_033 40.000 10.000 2.500 0.625 0.156
D 034 2.000 0.500 0.125 0.031 0.008
D_035 40.000  10.000 2.500 0.625 0.156
D_036 40.000  10.000 2.500 0.625 0.156
D 039 20.000 5.000 1.250 0.313 0.078
D_040 2.000 0.500 0.125 0.031 0.008
D_041 40.000  10.000 2.500 0.625 0.156
D 043 40.000  10.000 2.500 0.625 0.156
D_045 40.000  10.000 2.500 0.625 0.156
D_048 40.000  10.000 2.500 0.625 0.156
D_049 20.000 10.000 5.000 2.500 1.250
D_050 40.000 10.000 2.500 0.625 0.156
D_053 40.000  10.000 2.500 0.625 0.156
D_054 40.000  10.000 2.500 0.625 0.156
D_056 0.300 0.100 0.033 0.011 0.004
D_ 060 4.000 1.000 0.250 0.063 0.016
D_ 063 40.000 10.000 2.500 0.625 0.156
D_ 066 8.000 4.000 2.000 1.000 0.500
D_067 40.000  10.000 2.500 0.625 0.156
D_071 40.000  10.000 2.500 0.625 0.156
D 074 40.000 10.000 2.500 0.625 0.156
D_075 40.000 10.000 2.500 0.625 0.156
D_077 40.000  10.000 2.500 0.625 0.156
D_078 40.000  10.000 2.500 0.625 0.156
D_079 40.000  10.000 2.500 0.625 0.156
D_081 1.000 0.250 0.063 0.016 0.004
D_082 40.000 10.000 2.500 0.625 0.156
D_083 40.000 10.000 2.500 0.625 0.156
D_084 40.000  10.000 2.500 0.625 0.156
D_127 30.000  10.000 3.333 1111 0.370
D_141 30.000  10.000 3.333 1.111 0.370
D 149 30.000 10.000 3.333 1.111 0.370
D_159 4.000 1.000 0.250 0.063 0.016
D_162 40.000  10.000 2.500 0.625 0.156
D 163 40.000  10.000 2.500 0.625 0.156
D_164 40.000  10.000 2.500 0.625 0.156
D 165 40.000 10.000 2.500 0.625 0.156
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D_169
D_172
D_CHK

40.000
10.000
40.000
40.000
40.000
10.000

10.000
2.500
10.000
10.000
10.000
2.500

2.500
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2.500
0.625

0.625
0.156
0.625
0.625
0.625
0.156

0.156
0.039
0.156
0.156
0.156
0.039
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Table S3: Patient characteristics. Characteristics of samples used in the drug screen (n.d. - no data
available).

No  Patient ID Diagnosis Age Sex IGHV status Treated Alive
1 HO001 hMNC n.d. n.d. n.d. n.d. n.d.
2 H002 hMNC nd. n.d. n.d. n.d. n.d.
3 HO003 hMNC n.d. n.d. n.d. n.d. n.d.
4 H005 CLL 75 male mutated yes yes
5 HO009 B-PLL 57 male unmutated yes yes
6 HO10 CLL 73 female  unmutated no yes
7 HO11 CLL 73 female  mutated no yes
8 HO12 CLL 62 female  unmutated yes no
9 HO13 CLL 77 male unmutated yes no
10 HO014 CLL 86 female  unmutated yes no
11 HO15 CLL 62 female  unmutated no yes
12 HO16 CLL 55 male mutated no yes
13 HO17 CLL 56 male unmutated no no
14 HO019 CLL 70 female  unmutated yes no
15 HO020 CLL 64 male mutated no yes
16 HO021 CLL 50 male mutated no yes
17 HO023 CLL 71 female  unmutated yes no
18 HO025 T-PLL 73 male n.d. yes no
19 H026 LPL 59 male mutated no yes
20 HO027 CLL 58 male unmutated no yes
21 H028 CLL 73 female  mutated no no
22 H029 CLL 75 female  mutated yes yes
23 HO030 CLL 53 male unmutated no yes
24 HO031 CLL 62 female  mutated no yes
25 H032 CLL 67 male unmutated yes no
26 HO033 CLL 63 female  mutated no yes
27 HO035 CLL 79 female  mutated yes yes
28 HO036 CLL 75 female  mutated no yes
29 HO037 CLL 71 male mutated no yes
30 HO038 CLL 74 male mutated no yes
31 H039 CLL 55 female  mutated no yes
32 H040 CLL 84 female  mutated no no
33 HO041 CLL 76 male mutated no yes
34 H042 CLL 72 female  unmutated yes no
35 HO043 CLL 44 female  unmutated yes yes
36 HO044 CLL 61 male unmutated yes yes
37 HO045 CLL 91 male unmutated yes no
38 HO046 CLL 88 male mutated no yes
39 HO047 CLL 69 male unmutated yes no
40 H048 CLL 65 female  unmutated yes yes
41 HO049 CLL 58 male mutated no yes
42 HO050 CLL 63 female  mutated no yes
43 HO051 CLL 79 female  unmutated yes no
44 HO053 CLL 83 female  mutated no yes
45 HO054 CLL 50 female  mutated no yes
46 HO055 CLL 65 male mutated no yes
47 HO056 CLL 83 male mutated no yes
48 HO057 CLL 67 male mutated no yes
49 HO058 CLL 75 female  mutated no no
50 HO059 CLL 55 male mutated no yes
51 HO060 CLL 75 male unmutated no yes
52 H062 CLL 53 male mutated no yes
53 HO063 CLL 49 female  mutated no yes
54 H064 CLL 71 male n.d. yes yes
55 H065 CLL 7 female  unmutated yes no
56 H066 CLL 47 male unmutated yes no
57 HO067 CLL 7 female  mutated no yes
58 HO069 CLL 7 female  unmutated yes no
59 HO070 CLL 71 male n.d. no yes
60 HO71 FL 60 male mutated no yes
61 HO72 CLL 58 male unmutated no yes
62 HO073 CLL 65 male mutated yes yes
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Table S4: Sequencing quality. (IS: paired-end insert size)

Patient Sample On tar- Coverage Total num- Properly  Singletons Duplicates IS sd IS IS mean
1D type get [%)] ber of  paired [%)] [%] median

counts counts

[%]

HO005 control 70.87 101.87 114477796 99.16 0.09 9.94 58.76 183.00 195.98
HO005 tumor 69.85 100.73 113683108 99.31 0.08 9.34 67.14 195.00 209.35
HO006 control 71.33 92.22 102245696 98.80 0.12 9.32 62.16 183.00 196.19
HO006 tumor 71.31 85.82 95976636 98.84 0.10 8.56 62.78 184.00 197.75
HO008 control 71.04 116.08 134779454 98.79 0.13 12.43 57.55 178.00 190.42
HO008 tumor 71.00 120.55 137208440 98.75 0.13 11.25 60.47 180.00 193.24
HO009 control 71.89 58.00 60520750 98.70 0.09 4.84 65.61 185.00 199.4
HO009 tumor 70.35 100.65 108254616 98.68 0.11 5.44 63.84 184.00 197.61
HO10 control 69.71 100.81 119497348 98.28 0.35 9.82 57.92 181.00 193.18
HO010 tumor 69.71 122.99 137540714 99.12 0.14 7.49 64.91 190.00 204.34
HO11 control 70.50 96.26 108350558 99.38 0.08 9.70 63.79 192.00 205.63
HO11 tumor 70.79 119.71 133363064 99.11 0.09 9.38 61.04 186.00 198.54
HO012 control 72.45 103.55 136812374 97.92 0.30 23.67 60.60 209.00 218.72
HO012 tumor 69.20 146.78 169012662 99.34 0.10 9.78 62.45 197.00 210.04
HO013 control 71.72 112.70 141532794 99.32 0.11 19.82 59.57 210.00 219.76
HO013 tumor 71.85 125.19 157586056 99.33 0.10 20.16 61.36 214.00 223.9
HO14 control 69.97 86.59 99911814 98.97 0.12 8.89 62.56 186.00 199.38
HO014 tumor 70.46 101.82 118072082 98.77 0.16 9.48 59.61 183.00 195.34
HO015 control 69.48 80.74 95228312 98.80 0.16 10.12 59.46 182.00 194.13
HO015 tumor 70.90 96.18 113157896 98.84 0.15 11.57 60.52 184.00 196.86
HO16 control 70.22 95.80 106555668 99.18 0.09 8.26 62.13 186.00 199.41
HO16 tumor 72.80 141.72 153687492 99.07 0.23 8.76 63.37 197.00 210.06
HO017 control 70.84 97.14 113931382 99.00 0.13 11.43 62.22 185.00 198.5
HO017 tumor 71.53 99.70 116371806 98.83 0.16 11.52 60.44 182.00 194.59
HO018 control 69.98 149.98 183593582 98.89 0.13 15.60 63.09 184.00 197.78
HO018 tumor 70.52 118.58 135685410 98.85 0.12 11.09 63.42 185.00 199
HO019 control 70.15 96.87 113565082 98.79 0.13 10.44 62.82 186.00 198.95
HO019 tumor 68.91 94.43 105641130 99.15 0.09 7.24 65.19 191.00 205.23
H020 control 69.84 93.73 106990310 99.37 0.08 10.02 62.47 191.00 204.17
H020 tumor 70.32 114.38 130986324 99.16 0.09 11.25 66.25 192.00 206.5
HO021 control 71.77 120.61 153754612 99.11 0.14 20.79 61.52 211.00 221.84
HO21 tumor 71.66 110.70 150228640 99.17 0.14 25.52 61.58 211.00 221.81
HO022 control 72.04 124.51 156901158 99.26 0.12 20.55 61.50 213.00 223.23
H022 tumor 70.55 123.14 150974090 99.28 0.11 16.47 62.30 212.00 222.5
H023 control 70.63 108.46 120513460 99.30 0.08 8.78 59.12 187.00 198.79
HO023 tumor 69.78 106.38 119232810 99.14 0.09 8.59 63.48 189.00 202.36
HO024 control 69.31 103.93 116213034 99.32 0.09 7.53 66.04 195.00 208.64
HO024 tumor 72.98 141.43 152657364 98.86 0.24 8.41 64.23 195.00 208.14
H026 control 70.21 81.89 93474556 98.72 0.15 10.31 61.91 182.00 195.84
H026 tumor 70.06 103.44 118141886 99.02 0.10 9.07 62.37 186.00 198.93
HO27 control 70.97 130.22 143390020 99.22 0.12 7.94 60.08 192.00 204.72
HO27 tumor 71.46 132.53 151252616 99.34 0.11 11.90 62.91 197.00 210.45
HO028 control 69.59 149.20 171792170 99.21 0.09 10.59 64.07 190.00 203.46
H028 tumor 72.36 132.09 141908682 99.11 0.22 7.43 63.13 199.00 212.23
H029 control 70.69 98.43 110639068 99.16 0.10 9.80 62.45 188.00 201.12
HO029 tumor 73.40 140.89 152283464 99.05 0.23 9.29 65.79 202.00 215.39
HO030 control 70.62 111.80 139664122 99.15 0.12 18.10 61.86 213.00 223.75
HO030 tumor 70.20 115.83 151721430 99.34 0.11 21.50 62.55 214.00 224.05
HO031 control 70.57 83.18 92086494 99.28 0.08 8.36 66.08 193.00 207.45
HO031 tumor 72.71 115.50 126724824 99.02 0.24 9.65 65.79 201.00 214.56
HO033 control 69.58 121.11 136357860 99.37 0.08 8.48 61.71 189.00 202.48
HO033 tumor 71.14 132.89 150202808 99.20 0.08 11.21 61.99 189.00 201.73
HO035 control 71.74 107.57 124637084 98.78 0.13 13.19 57.85 178.00 190.13
HO035 tumor 71.47 114.69 134956232 98.73 0.13 14.69 62.21 182.00 195.54
HO036 control 70.44 92.28 104265752 99.39 0.07 10.07 64.43 193.00 206.93
HO036 tumor 70.23 123.14 137064690 99.08 0.10 8.56 65.06 190.00 203.76
HO037 control 70.62 69.23 73580076 98.73 0.09 4.83 63.87 184.00 197.38
HO037 tumor 70.74 95.10 102603564 98.69 0.08 6.54 69.31 191.00 206.28
HO038 control 71.45 69.61 73984798 98.73 0.08 5.97 70.32 190.00 205.4
HO038 tumor 69.95 88.68 96480080 98.47 0.10 6.05 65.60 185.00 198.73
HO039 control 71.00 96.25 107941940 99.33 0.08 10.06 60.55 187.00 200.05
H039 tumor 70.93 123.11 136533708 99.27 0.08 9.24 63.64 190.00 203.98
H040 control 70.48 84.54 94484164 99.26 0.09 9.03 60.07 186.00 198.78
H040 tumor 71.00 116.02 130386114 99.15 0.09 10.50 63.95 191.00 204.78
HO041 control 72.00 89.98 99849830 99.22 0.09 10.34 57.89 184.00 196.53
HO041 tumor 69.73 116.96 132858860 99.19 0.09 9.67 63.90 190.00 203.7
HO042 control 70.71 93.79 106388896 98.92 0.14 7.72 60.93 183.00 196.27
HO042 tumor 71.52 114.81 129078252 98.95 0.10 9.83 62.26 185.00 198.04
H043 control 72.97 100.19 138794086 99.07 0.14 28.48 58.59 207.00 216.84
HO043 tumor 71.85 127.07 158504598 99.28 0.13 19.17 62.11 210.00 221.33
HO044 control 69.94 113.84 133946228 98.74 0.14 10.40 60.66 182.00 194.92
HO044 tumor 69.52 88.35 104567892 98.93 0.16 10.04 62.23 187.00 199.99
HO045 control 72.08 100.86 111607402 98.92 0.13 9.65 60.67 183.00 195.61
HO045 tumor 70.61 143.39 165670464 98.57 0.14 11.96 60.66 178.00 191.67
HO046 control 70.19 112.54 133052906 98.63 0.14 12.87 62.96 181.00 194.93
HO046 tumor 69.41 88.19 102145380 98.42 0.17 10.56 88.94 189.00 213.89
HO047 control 68.51 85.28 95420482 99.32 0.08 6.47 65.53 193.00 207.23
HO047 tumor 71.87 131.27 145355380 99.04 0.21 9.64 61.27 192.00 205.06
HO049 control 71.38 71.22 76278002 98.51 0.10 6.47 69.74 188.00 203.47
HO049 tumor 71.46 83.56 87848078 98.77 0.08 4.92 65.45 187.00 200.87
HO051 control 71.18 84.17 96721828 98.85 0.14 9.96 67.96 186.00 201.57
HO051 tumor 69.68 109.64 128011726 98.75 0.17 8.90 58.63 182.00 193.83
HO053 control 71.08 111.08 133102964 98.86 0.13 15.26 60.90 182.00 195
HO053 tumor 68.93 116.21 135839818 98.35 0.19 10.39 84.25 188.00 210.68
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Table S5: Target profiling of AZD7762 and PF477736 in cell lysates of K562 cells. Targets identified
in kinobead assays for AZD7762 and PF477736 at 2 and 10 uM are shown. A target score of <0.5 indicates a
good target specificity. The column BCR indicates if the protein was identified as a B-cell receptor responsive

protein after IgM stimulation in Burkitt lymphoma cell lines [13].

Nb. Gene AZD7762-10 AZD7762-2 PF477736-10 PF477736-2 BCR
1 AAK1 0.25 0.39 0.23 0.23 No
2 ABL1 0.28 0.40 0.44 0.73 Yes
3 AURKA 0.89 0.92 0.48 0.65

4 AURKB 0.50 0.52 0.43 0.52 No
5 AXL 0.45 0.68 0.50 0.68

6 BCR 0.28 0.37 0.57 0.78 No
7 BMP2K 0.23 0.43 0.21 0.20 No
8 BRSK2 0.37 0.52 0.62 0.90

9 CAMK2G 0.48 0.79 0.60 1.00

10 CHEKI1 0.28 0.26 0.29 0.26 Yes
12 CHEK2 0.17 0.19 0.24 0.43 No
13 CIT 0.56 0.80 0.40 0.44 Yes
14 CSK 0.19 0.32 0.66 0.93 No
15 EGFR 0.33 0.60 0.54 0.86

16 EPHA7 0.28 0.54 0.77 0.93

17 FER 0.24 0.35 0.88 1.07 No
18 FES 0.46 0.72 0.94 1.04

19  FGFR2 0.87 1.02 0.44 0.65

20 FLT4 0.48 0.52 0.55 0.61

21  FRK 0.39 0.69 0.82 0.95

22  FYN 0.28 0.47 0.46 0.79 No
23  GAK 0.23 0.31 0.21 0.25 No
24 HCK 0.28 0.39 0.52 0.69 Yes
25 IRAK4 0.25 0.40 0.56 0.88 No
26  KIAA0999 0.40 0.48 0.41 0.45 No
27 LIMK2 1.11 1.07 0.33 0.41 No
28  LOC100128443  0.94 0.95 0.36 0.21 No
29 LYN 0.33 0.53 0.40 0.58 Yes
30 MAP2K1 0.30 0.47 0.73 0.95 Yes
31 MAP2K2 0.22 0.43 0.63 0.84 Yes
32  MAP2K5 0.21 0.29 0.45 0.74 No
33 MAP3K11 0.43 0.46 0.63 0.83 No
34 MAP3K2 0.40 0.64 0.67 0.83

35 MAP3K3 0.46 0.71 1.13 0.94

36 MAP3K7 0.49 0.77 0.77 0.95

37  MAP4K3 0.29 0.45 0.47 0.73 No
38 MAP4KA4 0.25 0.29 0.58 0.87 No
39 MAP4K5 0.27 0.32 0.37 0.71 Yes
40 MAPK3 1.16 1.14 0.38 0.74

41  MARKI1 0.25 0.33 0.36 0.54 No
42 MARK2 0.23 0.35 0.39 0.54 Yes
44  MARKS 0.26 0.30 0.37 0.53 No
45 MARK4 0.34 0.55 0.17 0.24 No
46 MERTK 0.43 0.44 0.71 0.90 No
47  MINK1 0.37 0.39 0.55 0.80 No
48 MYLK3 0.18 0.26 No
49  PAK4 0.22 0.27 0.30 0.33 No
50 PDPK1 0.20 0.30 0.38 0.58 No
51  PKN2 0.34 0.52 0.36 0.61

52  PRKAA1 0.33 0.52 0.41 0.66

53 PRKAA2 0.42 0.65 0.58 0.85

54  PRKCD 0.28 0.47 0.68 0.95 Yes
55  PRKGI1 0.37 0.71 0.68 0.96

56 PRKX 0.25 0.25 0.10 0.32 No
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0.41
0.79
0.38
1.00
1.27

1.25
1.45
1.26
1.20
0.43
0.54
0.19
0.32
0.50

1.19
0.50
0.41

0.45

0.72
0.31
0.32
0.36
0.43
1.56
5.77
2.20
0.62
0.48
0.18

1.07
0.69
0.34
0.92
0.83
0.94
0.41
0.87
1.02

0.94
0.92
0.78
0.70
0.85
0.75
1.03
0.99

1.07
1.13
0.95
0.96
0.45
0.52
0.21
0.34
0.49

1.02
0.72
0.47

0.71

0.48
0.61
0.58
0.64
0.61
1.02
1.04
0.84
0.48
0.50
0.21

Yes
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Table S6: Multivariate Cox regression model for overall survival with response to fludarabine as
a covariate.

The impact of response to fludarabine on overall survival was tested considering other important covariates.
Complete case analysis was performed for n = 156 CLL patients (events: n=24).

p-value HR lower 95% CI upper 95% CI

age (per 10 years) 0.4 1.2 0.81 1.7

pretreatment 2.8 x 107* 9.2 2.8 31

trisomy 12 0.02 5.3 1.3 22

del(11)(g22.3) 0.78 1.2 0.38 3.6

del(17)(p13) 0.96 1 0.3 3.6

TP53 0.47 0.63 0.18 2.2

U-CLL 0.05 2.8 0.99 7.8

fludarabine (per 10% viability change) 0.09 0.8 0.57 1.1

Table S7: Multivariate Cox regression model for overall survival with response to doxorubicin as
a covariate.

Similar to Table S6, but with doxorubicine instead of fludarabine as a covariate. Complete case analysis was
performed for n = 156 CLL patients (events: n=24).

p-value HR lower 95% CI upper 95% CI

age (per 10 years) 0.12 1.4 0.92 2
pretreatment 1.8 x 107* 8.8 2.8 27
trisomy 12 0.01 6.1 1.5 25
del(11)(q22.3) 0.99 1 0.34 3
del(17)(p13) 0.92 1.1 0.3 3.8
TP53 0.72 0.81 0.26 2.5
U-CLL 0.04 2.9 1.1 8.1
doxorubicine (per 10% viability change) 0.03 0.52 0.28 0.95
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Table S8: Multivariate Cox regression model for time to treatment with response to ibrutinib as
a covariate.

The impact of response to ibrutinib on time to treatment was tested considering other important covariates.
Complete case analysis was performed for n = 152 CLL patients, of whom 83 received treatment after sample
collection. In addition to the main effect, also the interaction term between IGHV status and response to
ibrutinib was tested (IGHV :ibrutinib).

p-value HR  lower 95% CI upper 95% CI

age (per 10 years) 0.28 0.91 0.76 1.1
pretreatment 9.6 x 1078  0.22 0.13 0.39
trisomy 12 0.25 1.5 0.76 3
del(11)(q22.3)  0.78  0.91 0.48 1.7
del(17)(p13)  0.31 1.4 0.74 2.6
U-CLL 0.01 2.2 1.2 3.9
ibrutinib (per 10% viability change) 0.03 1.6 1.1 2.5
IGHV:ibrutinib 0.04 0.6 0.37 0.98

Table S9: Multivariate Cox regression model for time to treatment with response to idelalisib as
a covariate.
Similar to Table S8, but with idelalisib instead of ibrutinib.

p-value HR  lower 95% CI  upper 95% CI

age (per 10 years) 0.30 0.91 0.76 1.1
pretreatment 3.4 x 1078 0.21 0.12 0.37
trisomy 12 0.21 1.5 0.78 3
del(11)(q22.3) 0.67  0.87 0.46 1.7
del(17)(p13) 0.31 1.4 0.74 2.6
U-CLL 8x1073 2.4 1.3 4.7
idelalisib (per 10% viability change) 0.04 1.6 1 2.6
IGHV:idelalisib 0.07 0.6 0.35 1.01

Table S10: Multivariate Cox regression model for time to treatment with response to PRT62607
as a covariate.
Similar to Table S8, but with PRT062607 instead of ibrutinib.

p-value HR lower 95% CI  upper 95% CI

age (per 10 years) 0.4 0.93 0.78 1.1

pretreatment 2 x 1078 0.2 0.12 0.36

trisomy 12 0.4 1.4 0.67 2.7

del(11)(q22.3) 0.58  0.83 0.43 1.6

del(17)(p13) 0.42 1.3 0.69 2.4

U-CLL 45x1073 27 1.4 5.4

PRT062607 (per 10% viability change) 0.01 1.6 1.1 2.4
IGHV:PRT062607 0.02 0.58 0.37 0.91
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