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            Abstract
The use of large-scale genomic and drug response screening of cancer cell lines depends crucially on the reproducibility of results. Here we consider two previously published screens, plus a later critique of these studies. Using independent data, we show that consistency is achievable, and provide a systematic description of the best laboratory and analysis practices for future studies.
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                    Figure 1: gCSI, CCLE and GDSC drug response statistics reveal different patterns of response for specifically versus broadly active drugs.[image: ]


Figure 2: Highly concordant sensitive and resistant labels assigned via mean viability.[image: ]


Figure 3: Consistent biomarker scoring for gCSI and CCLE drug response data.[image: ]


Figure 4: Follow-up screen shows SYTO 60 assay closely agrees with CTG but is significantly less precise.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Comparison of gCSI, CCLE and GDSC mean viability response statistics: all pairwise comparisons.
a, b, IC50 values (the drug concentration estimated to produce a 50% reduction in viability relative to untreated cells) for the cell lines in Fig. 1. Because extrapolation beyond tested doses can produce statistically unstable results (Extended Data Fig. 2b), IC50 values are truncated to the tested dose range (which varies by drug and project). c, d, Mean viability (equivalent to area under the log-dose/response curve) is plotted for all drugs that gCSI had in common with one or both other studies. 0% corresponds to complete growth inhibition at all doses; 100% corresponds to viability equal, on average, to untreated control wells. Values are capped at a maximum value of 100% for consistency with GDSC published data. gCSI mean viability and IC50 values were derived from three biological replicates (Methods).


Extended Data Figure 2 Assignment of sensitive and resistant labels for specifically active agents.
aâ€“c, Untruncated mean viability statistics from CCLE and gCSI are plotted for three drugs with specific activity. Two-component Gaussian mixture model fits to these values were performed to classify non-responder and responder distributions for CCLE and gCSI separately26. Non-responder mean viability statistics were scattered around 100%, providing a good indication of assay noise levels. Point colour indicates hard sensitive (red) versus resistant (blue) thresholding based on likelihood ratioâ€”a strategy that ignores uncertainty of classification. Dotted lines, on the other hand, indicate the final thresholds selected by the method used for Fig. 2; this method quantifies uncertainty and, if it is too high, assigns a no-call label to the cell line (Methods). Ellipses indicate the covariance from a two-dimensional, two-component fit and are for illustrative purposes only; response labels were assigned on the basis of individual fits for gCSI and CCLE separately, using all available cell lines for each data set. dâ€“f, Hypothetical log-dose/viability curves illustrating statistical challenges presented by IC50 response metric. In small screens, it is often feasible to adjust dosing scale so that a 50% inhibition (relative to vehicle-treated wells at the same time point) is cleanly achieved. For large-scale screening, on the other hand, it is common for many cell lines to fail to achieve this level of inhibition at any tested dose, and/or to fail to demonstrate a lower asymptote in their doseâ€“response curve. The mean viability statistic, on the other hand, requires no extrapolation beyond tested doses. d, A hypothetical doseâ€“response curve with characteristics ideal for relative or absolute IC50 computation. Tested doses yield viability values well above and well below 50%. Furthermore, both upper and lower asymptotes can be precisely estimated, enabling use of relative IC50, if desired (relative IC50 is computed after first rescaling to the observed viability dynamic range. In the present work, however, all three studies use absolute IC50). e, A hypothetical doseâ€“response curve that yields precise upper and lower asymptote estimates but a highly imprecise absolute IC50 estimate: doses over a range exceeding two orders of magnitude are all consistent with 50% inhibition, and raw data are too noisy for further refinement. Use of such IC50 values, which can be frequently observed in gCSI, CCLE and GDSC results, may complicate cross-study comparisons. f, A hypothetical doseâ€“response curve that requires potentially imprecise extrapolation for estimation of both absolute IC50 and lower asymptote. We advise against use of either absolute or relative IC50 for such curves, which are again common in all three studies under consideration. Finally, also note that in settings such as this, where low doses provide no information and inhibition occurs only at the highest tested doses, any response statistic is forced to rank cell lines on the basis of just a subset of the data generated. As a consequence, results for such drugs may exhibit reduced concordance regardless of analysis method.


Extended Data Figure 3 Comparison of gCSI, CCLE and GDSC primary drug response statistics: only cell lines assayed by all three projects.
Equivalent to Fig. 1, but restricted to cell lines in the three-way gCSI, CCLE and GDSC intersection. Figure 1 shows a significant number of cell lines interrogated by gCSI and CCLE that are sensitive to the three specifically active drugs. Of these, few (if any) are visible here, because few were included in the gCSIâ€“GDSC intersection. aâ€“d, Mean viability statistics (a, b), and IC50 (c, d). Both are truncated as for Fig. 1 and Extended Data Fig. 1. gCSI mean viability and IC50 values were derived from three biological replicates (Methods).


Extended Data Figure 4 gCSIâ€“GDSC concordance for drugs common to only gCSI and GDSC.
a, Genomic features were ranked by direction and strength of their association with GDSC mean viability (from strongest negative to strongest positive). Shaded regions indicate features with significant univariate association (FDR-adjusted Pâ€‰<â€‰0.10). The univariate ranks of features selected by the elastic net using gCSI drug response are indicated with vertical bars, also coloured by direction of association. b, As for panel a, but applying the elastic net to GDSC drug response data and comparing results to univariate statistics obtained from gCSI drug response. c, As in Table 1, lines called sensitive or resistant by both gCSI and GDSC were assessed for concordant classification.


Extended Data Figure 5 Consistent biomarker scoring for gCSI and CCLE drug response data.
The elastic net algorithm was applied to identify short lists of candidate biomarkers for drug response as assessed by either gCSI or CCLE mean viability values, using gCSI genomic data. Supplementary Table 4 describes the number of cell lines available for each comparison. a, Description of biomarkers expected to associate with response for each of the six drugs tested by both gCSI and CCLE; recovery of expected biomarkers; total selected feature count; and overlap between gCSI and CCLE selected feature sets. Asterisk denotes that ST7-AS1 is adjacent to MET and ST7-AS1 expression correlates with MET copy number (Pearson correlation râ€‰=â€‰0.47, Pâ€‰<â€‰2.2â€‰Ã—â€‰10âˆ’16, nâ€‰=â€‰534). The gCSI genomics set does not include translocations, so ALK translocation could not be checked directly. b, Equivalent to panel a, but using CCLE rather than gCSI genomics data. c, d, Equivalent to Fig. 3a, b, but using CCLE rather than gCSI genomics data.


Extended Data Figure 6 Features identified as response biomarkers using gCSI and CCLE discretized mean viability drug response data versus gCSI genomics data.
Equivalent to Fig. 3 and Extended Data Fig. 5a, but using discretized sensitive/resistant labels rather than continuous drug response statistics (lines assigned a no-call label were ignored for this analysis). Recovery of expected biomarkers and scoring of features selected by elastic net in the opposing projectâ€™s univariate analysis are both comparable to results obtained from continuous mean viability statistics (Fig. 3 and Extended Data Fig. 5a). a, Description of biomarkers expected to associate with response for each of the six drugs tested by both gCSI and CCLE; recovery of expected biomarkers; total selected feature count; and overlap between gCSI and CCLE selected feature sets. b, Genomic features were ranked by direction and strength of their association with CCLE mean viability (from strongest negative to strongest positive). Shaded regions indicate features with significant univariate association (FDR-adjusted Pâ€‰<â€‰0.10). Blue indicates negative association with response and red indicates a positive association. The univariate ranks of features selected by the elastic net using gCSI drug response are indicated with vertical bars, also colored by direction of association. In general, the gCSI-selected features are strongly enriched at the extreme ends of the distributions, indicating that they are highly relevant to both drug response data sets. c, As for panel b, but applying the elastic net to CCLE drug response data and comparing results to univariate statistics obtained from gCSI drug response.


Extended Data Figure 7 Features identified as response biomarkers using gCSI and GDSC discretized mean viability drug response data versus gCSI genomics data.
Equivalent to Extended Data Fig. 6, but contrasting gCSI with GDSC rather than CCLE. a, Description of biomarkers expected to associate with response for each of the six drugs tested by both gCSI and GDSC; recovery of expected biomarkers; total selected feature count; and overlap between gCSI and GDSC selected feature sets. b, Genomic features were ranked by direction and strength of their association with GDSC mean viability (from strongest negative to strongest positive). Shaded regions indicate features with significant univariate association (FDR-adjusted Pâ€‰<â€‰0.10). Blue indicates negative association with response and red indicates a positive association. The univariate ranks of features selected by the elastic net using gCSI drug response are indicated with vertical bars, also colored by direction of association. In general, the gCSI-selected features are strongly enriched at the extreme ends of the distributions, indicating that they are highly relevant to both drug response data sets. c, As for panel b, but applying the elastic net to GDSC drug response data and comparing results to univariate statistics obtained from gCSI drug response.


Extended Data Figure 8 Media serum concentration affects mean viability for some drugs and cell lines.
Differences in mean viability between the 10% and 5% FBS conditions are shown for the follow-up screen. Only CTG-derived mean viability values were used. a, Changes in single-run mean viability for variable seeding data before synthesizing replicates. In many cases, direction of change was not consistent. In others (for example, 769P or CAL-12T when treated with PD0325901), richer media had a consistent effect in each replicate. For each drug, overall significance of bidirectional effect was assessed by running a paired t-test for each cell line separately, and then pooling results by Fisherâ€™s method. Overall media effect was significant for all drugs but lapatinib (for erlotinib, Pâ€‰=â€‰0.037; lapatinib, Pâ€‰=â€‰0.288; paclitaxel, Pâ€‰=â€‰0.014; and PD0325901, Pâ€‰=â€‰2.8â€‰Ã—â€‰10âˆ’4). b, Only PD09325901 achieved an average media effect across cell lines that was statistically significant and of practically important size (4 percentage points). Data for fixed and variable seeding are plotted together because no significant difference in mean viability shift was observed between them for any of the four drugs considered (two-sided, unpaired t-tests: erlotinib, nâ€‰=â€‰47, Pâ€‰=â€‰0.86; lapatinib, nâ€‰=â€‰45, Pâ€‰=â€‰0.29; paclitaxel, nâ€‰=â€‰48, Pâ€‰=â€‰0.80; and PD0325901, nâ€‰=â€‰46, Pâ€‰=â€‰0.44). Mean viability values were derived from biological triplicate experiments (Methods). c, SYTO 60 produces more variable viability measurements than CTG. The width of the 95% confidence intervals for mean viability the 24 cell lines in the follow-on screen (on viability scale; see Methods for confidence interval estimation). Symbol colour indicates seeding strategy; symbol shape indicates media condition. For all drugs and screening conditions, the vast majority of cell lines showed wider confidence intervals for SYTO 60 than for CTG, indicating increased noise in the SYTO 60 data and reduced precision in estimation of mean viability (mean increase for erlotinib was 7 percentage points, Pâ€‰=â€‰1.2â€‰Ã—â€‰10âˆ’11; for lapatinib, 8 points, Pâ€‰=â€‰1.6â€‰Ã—â€‰10âˆ’14; for paclitaxel, 5 points, Pâ€‰=â€‰2.7â€‰Ã—â€‰10âˆ’10; and for PD0325901, 5 points, Pâ€‰=â€‰2.5â€‰Ã—â€‰10âˆ’7). This effect is not related to seeding strategy or media serum concentration.


Extended Data Figure 9 Seeding density affects drug response for multiple drugs and cell lines.
a, In the follow-up screen, the difference in estimated CTG mean viability between variable and fixed seeding is shown (with the two media conditions averaged). For broadly active compounds, slow growing lines typically yielded higher mean viability estimates under variable seeding and therefore produced a positive difference. Fast growing lines, on the other hand, tended to yield lower mean viability estimates under variable seeding (Spearmanâ€™s Ï� test, Pâ€‰=â€‰1.71â€‰Ã—â€‰10âˆ’5). This trend was not significant for specifically active drugs (Pâ€‰=â€‰8.77â€‰Ã—â€‰10âˆ’2). Lines of average growth rate, for which fixed and variable seeding were essentially the same and thus no difference was expected, are indicated in the dashed rectangle. b, Similar to panel a, but showing the difference between gCSI (variable seeding) and CCLE (fixed seeding). Because mean viability statistics are not directly comparable when different dosing schedules are used, residuals from a regression of gCSI mean viability on CCLE mean viability are plotted in the heat maps rather than a simple difference. The line plot shows a moving average (75 cell line window) of the row averages of each heat map. As for the follow-up screen, a significant association was seen between cell line growth rate and impact of seeding density for broadly active drugs (Spearmanâ€™s Ï� test, Pâ€‰=â€‰7.76â€‰Ã—â€‰10âˆ’9), but not for specifically active drugs (Pâ€‰=â€‰1.12â€‰Ã—â€‰10âˆ’1). Mean viability values were derived from biological triplicate experiments (Methods).


Extended Data Table 1 Key differences in assay conditions between projectsFull size table
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Cancer cell lines reassessed
Large-scale analyses of the drug sensitivity of cancer cell lines have been previously reported to yield conflicting conclusions. This Analysis uses independently generated data to demonstrate that consistency can be achieved if key laboratory and data analysis practices are considered when future studies are undertaken.
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