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T0, in some publications).

The selection of the concentration range for all agents was based on previous experiments using a panel of 62 cell lines. A 4-fold dilution and 5
data points were sufficient to cover the complete activity range for most of the agents (Fig. S6 and 7).

Dose-response evaluation measures

The non-linear curve fitting calculations were performed using algorithms and visualization tools using four-parameter log-logistic regression
62,63.

To obtain an estimate of treatment efficacy that encompasses both potency and maximum effect, the relative area over the curve (AoC) was
computed by estimating the area under the fitted dose-response curve by the trapezoidal rule within ranges of relative growth rates
compared to untreated controls between 0% and 100%, and within ranges of drug concentrations between 1 nM and 1 mM, and dividing the
estimated area by the sum of areas below and above the curve. The relative AoC measure used in this work thus captures both the potency of
a compound combination (usually measured by IC50 or GI50) as well as the maximum effect on cellular growth (as measured by the minimum
of the curve); the relative AoC is of particular usefulness for capturing the efficacy of DDR inhibitors, many of which often have a
comparatively low maximum effect less than 50% growth inhibition at realistic concentrations, which makes IC50 and GI50 less practically
relevant.

Combination effects for the different compound combinations are calculated using the Bliss independence model 64,65 under the assumption
of independent modes of action of the combination partners. Bliss excess was calculated as the average excess of the observed effect EOBS
(i.e., the relative reduction of growth rate compared to untreated controls) over the calculated linear combination of the monotherapy
treatments effects (E1+2 = E1 + E2 – E1 E2) for all concentrations used:

Eq. (1)

In this formulation, the Blissexcess is a continuous value between -1 and 1 where values higher than about 0.2 are usually considered
synergistic, and values below about -0.2 are usually considered antagonistic.

Quantification and statistical analysis for drug response variance test

For hierarchical clustering based on drug responses, we used heatmap.2 function of gplots module (3.1.3) from R (4.2.3) for hierarchical
clustering using euclidean as the distance function and ward.D2 as the cluster function.

We used Python (>=3.8) module scipy (1.11.3) to carry out the Kruskal-Wallis test to test if a drug has different responses between different
cancer types. Kruskal-Wallis test is especially suitable for this situation as a non-parametric test, so it won’t be affected by the different
sample sizes of the subsets. For the significantly tissue-specific drugs (p<0.01), we also used scipy to carry out post-hoc tests, including Dunn's
test, Mann-Whitney Pairwise test, Conover-Iman test and bootstrapping for 10,000 times to locate the significantly different tissue types.
Bonferroni correction was performed to adjust the above multiple comparisons. The versions of all software that has been used above can be
found in Table S6.

The DDR combination in vitro screening data collected in this study are shared at and can be freely downloaded from: https://osf.io/8hbsx/. Source data are
provided with this paper.

Out study is conducted on purchased cancer cell lines and gender and sex related analysis is not relevant to our study.

See above.

See above.

See above.

Merck Healthcare KGaA and the University of Michigan.
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We carried out the largest DDR targeted screening so far including a total of a total of 17,912 combination treatment experiments.

No data were excluded from the analysis.

Each drug combination-cell line experiment has 1-4 replicates. All experiments with more than one replicates were used to calculate the
reproducibility of the dataset. For the AoC score for monotherapy, the Pearson’s correlation = 0.8380 (p < 1e-22) between replicates, and for
combination treatment, the bliss score shows Peason's correlation = 0.7611 (p < 1e-22) between replicates.

Randomization is not relevant to our study. Our study is not clinical study and did not need to select experimental control.

Blinding is not needed in this study since it's not clinical study and does not involve group allocation.

All 62 cell lines used in this study (A204, A2780, A549, ASPC1, BXPC3, CACO2, COLO205, DLD1, DU145, EFO21, EJ28, HCT15,
HEPG2, HS578T, HS729, HT1080, HT29, IGROV1, J82, JIMT1, LOVO, MDAMB231, MDAMB435, MDAMB436, MDAMB468,
MHHES1, MIAPACA2, MT3, NCIH292, NCIH358M, NCIH460, NCIH82, OVCAR3, OVCAR4, PANC1, PC3, PLCPRF5, RD, RDES,
SAOS2, SF268, SF295, SKBR3, SKLMS1, SKMEL28, SKMEL5, SW620, T24, TE671, U2OS, U87MG, UMUC3, HL60, KASUMI1,
L363, MINO, MV411, RAMOS, SUDHL10, SUDHL6, THP1, WSUNHL) were purchased directly from the ATCC, NCI, CLS and
DSMZ cell line collections. The cell lines were grown in the media recommended by the suppliers in the presence of 100 U/ml
penicillinG and 100 !g/ml streptomycin supplied with 10% FCS.

The cell lines used in this study were authenticated by genome sequencing. The qualified genomic DNA of the cell line
samples was fragmented by an ultrasonicator (Covaris). By adjusting shearing parameters, DNA fragments were concentrated
in 500bp peaks for each sample. These fragments were purified, end blunted, ‘A’ tailed, and adaptor-ligated. DNA templates
with adapters were then selectively enriched using PCR in order to obtain a sufficient amount for the DNA library. The
concentration of the libraries was quantified by a bioanalyzer (Agilent Technologies) and real-time PCR method. Each
qualified DNA library was sequenced on the Illumina HiSeq platform using paired-end reads according to Illumina
manufacturer’s instructions. Sequencing-derived raw image files were processed by Illumina base calling Software for base-
calling with default parameters and the sequence data of each cell line was generated using an Illumina HiSeq 2000
instrument in paired-end mode at 2 × 100 bp read length. Subsequently, short nucleotide variations and copy number
variations were computed using VarDict 98 and CNVkit 98,99, respectively, in the bcbio workflow system 100 using default
parameters against the human reference genome hg19 with Ensembl 75 gene annotations. Variant calling by VarDict was
conducted by requiring a minor allele frequency of at least 10% and minimal support for four de-deduplicated reads for each
variant call; in addition, calibrated filters for strand bias, mean position of the variant in read, minimum mean base quality,
NM/MQ mapping qualities, and DP/QUAL variant qualities were applied as per the bcbio default configuration.

All cell lines were tested negative for mycoplasma contamination.

No commonly misidentified lines.




