Introduction

We have been deeply involved in events leading to the IOM Review of the Use of Omics Signatures, and we are very familiar with the public information available. 

We learned a great deal more from the first IOM committee meeting on Dec 20, 2010. 

At that meeting, Dr. Lisa McShane presented the NCI’s view of the situation, mentioning several pieces of information previously known only to the NCI. Documentation (551 pages worth) was supplied to the IOM, and the IOM has now made these (and other) documents public. 

Here, we present an annotated survey of the NCI documents (a timeline for the full set of events is available as a supplement) highlighting where various information can be found in the Publicly Accessible Files (PAFs). We have partitioned our survey into two stories, the first dealing with Duke’s use of genomic signatures to predict prognosis (deciding who should be treated), and the second dealing with Duke’s use of genomic signatures to predict chemosensitivity (what we should treat them with). In the first case, we focus on the lung metagene score (LMS), introduced by Potti et al. (NEJM, 2006), and the associated clinical trial, CALGB 30506. Few details of this story were known previously. We now know there were serious problems almost from the beginning. In the second case, we focus on the cell-line based approach for deriving drug sensitivity signatures, introduced by Potti et al. (Nat Med, 2006). More is publicly known about the problems associated with these; what was not known was what role, if any, the NCI was playing in attempting to assess and govern their use. We now know the NCI blocked their use in a cooperative trial (CALGB 30702), prompted Duke to begin its review in late 2009, and was actively investigating the use of the cisplatin and pemetrexed signatures when other events brought about the resuspension and eventual termination of the three clinical trials Duke was running. 

In both instances we summarize what was known publicly, highlight what was not clear, walk through what the new documents show, and mention how our own views have changed in light of this information. 

We found reading through NCI documentation actively frightening, because the NCI repeatedly found the signatures failed to work as advertised, but Duke was still actively pushing them into clinical trials. Common themes include lack of reproducibility, lack of clarity, lack of attention to experimental details (e.g. blinding), and waste of resources. At a minimum, these points reinforce our belief that the supporting data and code should have been made public from the outset.   

The LMS and CALGB 30506 (2006-2010)

What was publicly known before Dec 20

The LMS NEJM paper was big news. The claims in the paper by Potti et al in the Aug 10, 2006 paper were dramatic. Using microarray profiles of tumors from early-stage NSCLC patients, they claimed to be able to predict which patients were likely to recur, and would thus benefit from chemotherapy as opposed to observation. ASCO’s survey of clinical cancer advances for 2006 (Ozols et al, JCO, 25:146-62, 2007) classed this as one of “the most significant advances on the front lines of cancer.” As of the start of 2011, the paper had been cited 369 times (Google Scholar).

Duke wanted to use the LMS to guide patient allocation to therapy. Duke Medicine’s News and Communications office released a press statement Aug 9, 2006 noting “The test's promising results have initiated a landmark multi-center clinical trial, to be led by Duke investigators next year. Patients with early-stage non-small cell lung cancer, the most common and fatal form of cancer, will receive the genomic test and its results will determine their treatment.”
CALGB 30506 did not use the LMS for allocation, but only for stratification. According to the description first posted to clinicaltrials.gov (as NCT 863512, March 17, 2009), “Patients are stratified according to risk group (high vs low) and pathologic stage (IA vs IB). Patients are randomized to 1 of 2 treatment arms within 60 days after surgery.” In short, the LMS is being used as a balancing factor only, to ensure that high risk (by LMS) patients are equally randomized to all therapies, and the same for low risk patients. Treatment does not change based on LMS status. 
Duke continued to talk as if the LMS was guiding therapy, but the NCI objected. As recently as July 2009, Jolly Graham and Potti stated (Curr Oncol Rep, 11:263-8; PAF 15) “In this study, patients who undergo resection of early-stage disease will receive further adjuvant chemotherapy if they are predicted to be at high risk of recurrence”. The NCI felt sufficiently strongly about this that members of CTEP wrote an erratum (Curr Oncol Rep, PAF 16) stating “for no patient enrolled in the trial is therapy directed or influenced by the lung metagene model” and “the NCI does not consider the lung metagene model to be sufficiently validated at this time to direct patient treatment”.

After the Baggerly and Coombes 2009 article, the NCI decided to re-evaluate the performance of the LMS. Baggerly and Coombes (Ann App Statist, 3:1339-54; available online Sep 2009) reported major data errors coming from the Potti/Nevins group affecting genomic signatures of sensitivity to various chemotherapeutics. These signatures were assembled from cell line data following Potti et al (Nat Med, 12:1294-300, 2006), which used a different strategy than the LMS (which didn’t use cell lines). Duke suspended enrollment in the clinical trials associated with the chemosensitivity approach and began an internal review (the Cancer Letter, Oct 2, 2009). Despite the differences in modeling strategies, the NCI was sufficiently concerned that “When the issues came up with the review by Duke of their studies, we decided to review the LMS score in the trial we sponsored” (The Cancer Letter, May 14, 2010).
The NCI and CALGB then pulled the LMS from CALGB 30506. After the NCI review – and even though the LMS was only being used for stratification and not to guide therapy – “We have asked [CALGB] to remove the Lung Metagene Score from the trial, because we were unable to confirm the score’s utility” (CTEP Director Jeff Abrams, in The Cancer Letter, May 14, 2010). 
Some data were used without permission and inaccurately labeled. It was later noted by David Beer, PI of the Director’s Challenge Consortium for the Molecular Classification of Lung Adenocarcinoma, the source of some data used for validation in the Potti et al NEJM paper (The Cancer Letter, Jul 30, 2010) that he had previously denied permission for his data to be used in the NEJM paper until after the Director’s Challenge paper was published. “When the NEJM paper subsequently appeared, and I saw that they used part of the data … Jim Jacobsen of the NCI and I contacted the editor of the NEJM and Dr. Nevins. The editor said that he could not retract the paper, and Dr. Nevins said he didn’t want to, either.”  He further noted “There were also numerous errors in the clinical data as listed in their paper”.
What wasn’t publicly known
Why was the LMS only used for stratification? The Potti et al NEJM paper claimed that the performance of the LMS had already been validated in blinded test sets. Thus, it wasn’t clear why the next step didn’t involve prospective testing of treatment allocation. 

What did the NCI investigate when it performed its re-evaluation? The NCI simply stated that it had “decided to review” the LMS. It was not clear what such a review entailed.

What caused the NCI to pull the LMS from CALGB 30506? The NCI stated it was “unable to confirm the score’s utility”, but even so, according to the Cancer Letter story (May 14, 2010), the “NCI’s decision to eliminate LMS … is all the more remarkable, because the assay was not used to select patients for therapy … which means there was no plausible risk to patients.”

Did the problems identified apply to the underlying paper as well? Even with the withdrawal of the LMS from 30506, it was unclear to what extent the NCI’s concerns governed the use of the LMS in the trial as opposed to the base findings from the NEJM paper. 
What the documents released by the NCI show
1. The NCI’s initial evaluation (2006-2008)
The NCI had questions about data quality and blinding from the outset. A background overview assembled by CTEP in early 2008 (PAF 12, p.17) notes “it became apparent that there were numerous data accuracy problems with the version of the CALGB “validation” data used in the NEJM paper. Through the several-month process of making corrections and re-performing analyses, it also became apparent that the Duke investigators had access both to the microarray-based predictions and the clinical data for the NEJM “validation” sets. … All parties agreed that a completely new validation should be performed before launching a new trial that would base patient treatment decisions on the predictor.”
The LMS initially failed in pre-validation. In the NCI’s evaluation of the LMS on a new set of Director’s Challenge samples that the Duke investigators had not seen (PAF 12, p.20), “On the independent set of validation samples not seen before … the predictor failed completely, with some nearly significant trends in the wrong direction.”

Success was achieved only after the Duke investigators made modifications. Several post-hoc analyses were performed by Duke (PAF 12, p.21). In post-hoc analysis 4, the Duke investigators pursued normalization of the test data by batch. According to the NCI, (PAF 12, p.22) “The NCI understanding was that the only change from the first set of predictions (which failed to validate) and the new set of predictions was the normalization step. … No other changes to the prediction algorithm were to be made. For example, it is NCI’s understanding that there was no recalculation of weights used to define the metagenes after the data had been renormalized.” With this modification (PAF 12, p.22) “the difference in survival finally reach (sic) statistical significance (p=0.0478) in the stage IB subgroup (this time in the correct direction) … Interestingly, the dramatic separation in survival curves based on LMS risk prediction previously seen for Stage IA patients (the initial basis for the trial) disappeared when the LMS predictor was applied to the completely independent validation set … regardless of method of analysis”.
Modification details were not sent to the NCI at the time. It is important to note that (PAF 21, p.4) “During this pre-validation attempt, all microarray data preprocessing and risk prediction calculations were performed by Dr. Potti or members of his group. Neither NCI nor the CALGB Statistical Center had access to the computer software for running the predictor, but the Potti/Nevins group assured all parties that no changes had occurred in the form of the predictor between observation of the initial failed results and observation of the subsequent promising results.”

The NCI encountered problems reproducing other genomic signatures. In Nov 2007, while consideration of 30506 was under way, the NCI became “aware of concerns about [the] chemosensitivity paper by Potti et al. (Nature Medicine 2006)” (PAF 3, p.5, referring to Coombes et al, Nat Med, 13:1276-7, 2007). The NCI notes (PAF 3, p.5) “Many groups (including NCI) [were] unable to reproduce [the] results.”
The NCI would only approve the LMS for stratification, not to guide therapy. In the above situation, the NCI noted (PAF 12, p.24) “we have many remaining concerns about the readiness of the LMS predictor for use in directing therapy in a large phase III trial as proposed”. Consequently (PAF 21, p.4) “as a condition for approval of the trial, NCI insisted on a trial design change in which the LMS predictor results … could not be used in any way to determine patient therapy … the LMS predictor would be used only as a stratification factor”.
2. The NCI re-evaluation of whether the LMS worked at all, in light of similar problems reported by Baggerly and Coombes (Nov 2009-Mar 2010)
The NCI tried to check the Duke modifications, and insisted on running the LMS code themselves. On November 16, 2009, the NCI asked Duke (through CALGB) to supply the code and data illustrating the improvement in the pre-validation results that drove the trial approval (PAF 12, p.17-29). Duke supplied a collection of materials on December 15, 2009 (PAF 12, p.30-45).

When the NCI applied the modifications they didn’t see improvements in the performance of the predictor. One of the NCI’s re-analysis findings (PAF 11, p.2, Feb 10, 2010) was that “In none of the analyses performed during this re-evaluation using the prescribed methods of data pre-processing and risk prediction using the TreeProfiler application could promising predictor performance be demonstrated. In particular, no evidence could be found that pre-processing the microarray data separately by lab would produce an improvement in predictor performance as dramatic as that observed in the pre-validation.”

When the NCI ran the code they found the output was stochastic (i.e. random) – predictions could change simply depending on when the code was run. Another finding of the NCI re-analysis was that reruns of the same patient array data gave different risk predictions apparently depending on when the code was run (PAF 11, p.1): “The percent of discordant risk group predictions from one run to another under identical conditions was observed to be about 20% on average, but discordant rates as high as 40% were observed for some pairs of runs.” When predictions from the NCI’s model runs were compared with the revised Duke predictions used to justify the trial (PAF 11, p.13) “The percent concordance … ranged from 46% to 52% with mean 49%.”

This stochasticity violated the NCI’s definition of a “locked-down” prediction rule – for a locked-down rule, the same input (patient measurements) should always produce the same output (assessment of whether the patient was high or low risk). The idea that the same array profile could be, to paraphrase the 20% average discordance noted above, low-risk Monday through Thursday and high-risk on Friday was not acceptable to the NCI, which noted (PAF 11, p.1) “This behavior is inconsistent with the assertions made during the pre-validation that the predictor was completely locked down and did not change throughout the entire exercise.”

Duke argued the stochasticity was independent of being locked-down. In their response to the NCI’s re-analysis, Nevins et al claimed (PAF 13, p.2, Mar 8, 2010) that “In our opinion, the variability that is seen in run-to-run of TreeProfiler is independent of whether the predictor was completely locked down. All of the critical parameters (e.g. number of clusters, trees, thresholds, splits, etc) for running the software have been fixed and not changed throughout this process… Once again, we have been completely transparent throughout this process.”

The NCI disagreed emphatically. In its reply to Duke’s response (PAF 14, p.1-2, Mar 26, 2010), the NCI notes “You propose an alternative definition of “locked down”, which allows LMS probability values to change dramatically every time the computer program is run, even when it is run using identical data and settings. … In the NCI letter to Dr. Harpole dated January 7, 2008 (see Appendix H), NCI again states its understanding of the locked down status of the predictor (page 6, 2nd paragraph) and you voiced no disagreement with that statement. Example sentences from the NCI letter include “No other changes to the prediction algorithm were to be made. For example, it is NCI’s understanding that there was no recalculation of the weights used to define the metagenes after the data had been renormalized.” As the weights would change from computer run to computer run just like the LMS probability values do, it appears that you agreed with a standard definition (and not your proposed alternative definition) of “locked down” in January, 2008.”
The NCI believes the NEJM paper is misleading. The NCI also states (PAF 14, p.1-2) “We maintain that your proposed definition is inconsistent with the impression provided in your NEJM paper … for which you state in your response you also used the TreeProfiler program. Your proposed definition is also inconsistent with agreed upon terms communicated during the NCI pre-validation. … In the NEJM paper (upper left column, page 573), you state that “the dominant metagenes that constituted the final model are described in the Supplementary Appendix.” In addition, on page 575 of the NEJM paper (top right column), you state “further confirmation that the lung metagene model represents the biology of the tumor was provided by the finding that the metagenes with the greatest discriminatory capability included genes … for example, the BRAF, … and MYC signaling pathways.” Any references to specific metagenes or to a “final” model are meaningless because the entire model would change if the TreeProfiler program was run again on any other data or even run again on the same data.”
The NCI believes it was misled when approving the trial. The NCI’s summary (PAF 14, p.2): “The evidence, in our view, indicates that either the LMS predictor was not locked down, or inaccurate statements were made about what predictor was actually used to generate the reported results.”
The NCI raised concerns with CALGB leadership about the irreproducibility of the results. After responding to further points in the Duke response, the NCI letter concludes (PAF 14, p.5) “Because we were unable to reproduce your results, despite our discussions and your input, we will now contact CALGB leadership to pursue the issues with them.”
Conclusions

Duke and CALGB should be thankful that the NCI prevented them from using the LMS to guide treatment. One reason we objected to many of the chemosensitivity signatures was that “sensitive” and “resistant” labels were often reversed in the training data, so that if the method worked, their guidance would be at odds with the truth. Here, given that the NCI was unable to reproduce reported “improvements”, our best estimate of performance is the NCI’s completely blinded assessment, in which the predictions almost achieved significance going the wrong way. If the LMS had been guiding treatment, Duke might have to prove the LMS was completely ineffective to avoid claims of patient harm.  
CALGB 30506 was potentially a much larger trial than those already terminated. Duke recently terminated the three clinical trials it was running where the Potti/Nevins genomic signatures were being used to guide patient treatment. Between the three of them, these trials involved somewhat more than 100 patients (need ref). In CALGB 30506, there were “approximately 1500 patients pre-registered, 1300 randomized” as of the NCI’s re-evaluation (PAF 11, p.1). These figures were goals; we don’t know what the actual enrollment was.
The stochasticity of the LMS means nobody could have reproduced it. David Beer noted, “we examined as best we could the metagene score in our Shedden et al., Nature Medicine paper, published in 2008. We were not able to repeat the type of astoundingly good discrimination between high- and low-risk individuals that was published in the Potti et al., NEJM paper using this method, in part because of lack of sufficient details provided in their paper.” (The Cancer Letter, Jul 30, 2010). If they were trying to reproduce the numbers reported to be sure they were using the method correctly (something we often do), they would undoubtedly have been frustrated; the stochasticity virtually guarantees that different results would be obtained, and without being able to compel production of the raw data and code (which the NCI did) they could never be certain whether the problems lay with the approach itself or simply with their implementation of it. According to the NCI, there are problems with the former.  
The stochasticity may explain inconsistencies within the paper. Figure 2A of the NEJM paper shows a heatmap of “Metagene 79”, which is used in later panels to stratify the samples. Visual inspection of the heatmap shows about 30 genes. Supplementary Table 2 for the NEJM paper lists 19 probesets for “Mgene 79”. If this is the result of simply rerunning the algorithm, we must agree with the NCI that “Any references to specific metagenes or to a “final” model are meaningless”.
Some of the reported results are “too good” if the results are as unstable as reported. Low- and high-risk Kaplan-Meier curves in the NEJM paper are extremely well separated. As a test, we approximated the curves shown in Figure 5A and simulated what might be encountered in practice by either leaving a given patient’s classification alone (80% chance) or swapping it (20% chance). We then computed the p-value associated with the “simulated” split. Out of 100000 simulations, we got values more extreme than the one published only 62 times, for a p-value of 6.2e-4. If TreeProfiler is as unstable as it was in the NCI’s hands, it would appear they got a very “lucky” figure.
The paper needs to be reproduced or retracted. In the July 30, 2010 Cancer Letter, Jennifer Zeis, a spokesman for NEJM stated that “If Duke’s investigation yields findings relevant to Dr. Potti’s 2006 NEJM article, we will take the matter under consideration then”. With the NCI, which was able to compel production of the raw data, willing to assert that the NEJM paper is misleading, this bar has been met and surpassed. 

Chemosensitivity Signatures: CALGB 30702, the Duke Review, and Cisplatin/Pemetrexed
What was publicly known before Dec 20

Duke was conducting three trials in which therapy was guided by genomic signatures of sensitivity to various chemotherapeutics. These signatures, derived from cell lines, were introduced by Potti et al. (Nat Med, 12:1294-300, 2006) and Hsu et al. (JCO, 25:4350-7, 2007). In late 2009, according to clinicaltrials.gov, Duke was using genomic signatures to guide therapy selection in three trials: NCT 509366 (comparing cisplatin with pemetrexed in lung cancer), NCT 545948 (comparing pemetrexed and vinorelbine in lung cancer), and NCT 636441 (comparing docetaxel and adriamycin in breast cancer). The first two were apparently Duke/pharma collaborations; the third was funded by the DoD.

After the Baggerly and Coombes 2009 article reported major inconsistencies in the published studies that provided the basis for using the signatures, Duke began an internal investigation and suspended trial enrollments. In mid-September 2009, Baggerly and Coombes (Ann. App. Statist. 3:1309-34, 2009) was published online, describing problems with the data used as the basis for the trials. The article shows (p.1334) “in five case studies that the [Duke chemosensitivity] results incorporate several simple errors that may be putting patients at risk” because some of the errors noted, such as reversing the sensitive and resistant labels in the training data, could result in sensitivity predictions pointing the wrong way. After the article was covered in the press (The Cancer Letter, Oct 2, 2009), Duke noted that it was “working to engage independent experts in this field to fully explore these questions (The Cancer Letter, Oct 9, 2009, p.7). In the meantime, NCT 509366 and NCT 545948 suspended enrollment by Oct 6; NCT 636441 by Oct 19 (The Cancer Letter, Oct 9, 23, 2009).  
Problems with blinding were publicly reported while the investigation was underway. At the outset, Nevins and Potti described the problems as “clerical errors” and argued they had nonetheless gotten the approach to work in a blinded validation, which would constitute a very stringent test (Bonnefoi et al., Lancet Oncol 2007; referenced in The Cancer Letter, Oct 2, 2009). However, this claim was disputed by their coauthors, who said the study had never been blinded because they had sent the Duke investigators, at the start, both array and clinical data; since Duke knew the patient outcomes, the study was never blinded (The Cancer Letter, Oct 23, 2009). 
New data for cisplatin and pemetrexed was posted while the investigation was underway. We showed that all of the validation data contained in the cisplatin and pemetrexed dataset was wrong, and reported this to Duke on Nov 9, 2009. In early Nov 2009, Duke investigators posted new data for the cisplatin and pemetrexed signatures to the web (http://data.genome.duke.edu/JCO.php). The cisplatin and pemetrexed dataset included 59 array profiles for ovarian cancer samples that had been used to validate the performance of the predictors. We showed that 43 of these samples were mislabeled; for the other 16 samples the genes were mislabeled so badly that the sample identities could not be confirmed. We sent a report outlining these and other problems to Duke deans on Nov 9, 2009, and received acknowledgment that the report had been received. We sent the same report to the NCI’s Cancer Therapy Evaluation Program (CTEP) on Nov 10, 2009. 

The cisplatin and pemetrexed data were then removed from the web. The dataset was removed from the Duke web site by Nov 16, 2009. Copies of the data and our report are available from http://bioinformatics.mdanderson.org/ReproRsch-All/Modified/index.html. 
When the review was concluded (Jan 2010), Duke decided to restart the trials. Neither the reviewers’ report nor new data were made publicly available. Duke also made no comment about the problems (mispreporting of blinding, and mislabeling of validation samples) reported mid-investigation. Duke did acknowledge having sent a copy of the reviewers’ report to the NCI. We objected to the trials being restarted without such clarification, and made the Baggerly and Coombes report, which had previously only been shown to Duke and to CTEP, public by announcing it in the press. On Jan 29, 2010, Duke announced it was in the process of restarting all three suspended clinical trials, noting that the results of their review “serve to strengthen the confidence in this emerging approach to personalized cancer treatment” (The Cancer Letter, Jan 29, 2010, p.3). When asked whether the report or raw data justifying these conclusions would be made public, Duke stated “While the reviewers approved of our sharing the report with the NCI, we consider it a confidential document”, noted that Nevins and Potti were preparing “additional manuscripts for the peer-reviewed literature”, and indicated that the data and methods would be made available when these new papers were published (p.2). We objected that the trials should not be restarted before data supporting this action was provided, and publicly described the errors we had seen with the cisplatin and pemetrexed validation data, which we had previously only described to Duke and to CTEP, and posted the Baggerly and Coombes report to the web, noting “We are asked to trust that they got the data right “this time” when we have empirical evidence they got an important piece of it wrong” (p.4). 
A redacted copy of the reviewers’ report obtained under FOIA (May 2010) showed that the reviewers themselves had been unable to understand the methods from the literature, or from data they were shown at Duke, and showed no mention of the new problems identified with blinding or mislabeling, or of the Baggerly and Coombes report, which we had supplied to the deans in Nov 2009, a month before the reviewers’ report was written. In early May, the Cancer Letter obtained a redacted copy of the reviewers’ report from the NCI under FOIA. We noted (the Cancer Letter, May 14, 2010, p.3) that “the committee explicitly notes (twice!), that the underlying scientific methodology has not yet been published,” and (p.5) that “The committee expected this additional information would be made available, as they note that “In our review of the methods... we were unable to identify a place where the statistical methods were described in sufficient detail to independently replicate the findings of the papers. Only by examining the R code from Barry were we able to uncover the true methods used … The one area that they [the Duke investigators] have not been fully responsive and really need to do so is in clearly explaining and laying our (sic) the specific statistical steps used in developing the predictors and the prospective sample assignments” (emphasis ours).” Further, we noted (p.6) “Given that additional problems [blinding, mislabeling of validation samples] arose even during the course of the investigation, we fear similar errors in data supplied to the committee might invalidate many of their conclusions. The report makes no mention of these new problems”. This omission led us to question whether the reviewers ever saw the Baggerly and Coombes report, which we supplied to Duke on Nov 9, 2010, over a month before the Dec 22, 2009 date on the reviewers’ report. 
In July 2010, after revelations that Dr. Potti might have embellished his CV with claims including being a Rhodes scholar, Duke launched new investigations and resuspended trials. The July 16th issue of the Cancer Letter reported on several irregularities with Dr. Potti’s CV, including that had claimed to be a Rhodes scholar on various grant applications. The following week, Duke announced that the trials were being resuspended (the Cancer Letter, July 23, 2010). After reviewing the situation, Duke’s Provost acknowledged (Duke News release, Aug 27, 2010) that they had found “issues of substantial concern”. 
Several months later (Oct 2010), Nevins began to retract some of the papers in question, starting with Hsu et al. (JCO, 2007), listing problems identical to those we had described in the Baggerly and Coombes report as the rationale. In a letter to coauthors of Hsu et al. (JCO, 2007) sent Oct 22, 2010, (the Cancer Letter, Oct 29, 2010) Nevins notes “It is now clear to me upon re-evaluation of the data associated with the tumor samples that there are two problems with this dataset. First, there are 16 samples that do not match with the gene expression data from any of the ovarian samples that we have in our database. At this point, I cannot identify the origin or nature of these samples. It is possible they are from a set of non-ovarian samples or it is possible that they are ovarian samples that are permuted in a way that I cannot trace. But given that I cannot identify the nature of these samples, the associated clinical outcome labels are of no meaning. Second, for the remaining 43 samples that are clearly from the ovarian database, the tumor ID labels for these samples are incorrect. In a large number of these cases, the misidentification results in reversal of the clinical annotation of response vs. non-response.” The problems listed are exactly those we had identified and forwarded to the Duke deans, and that the investigators had already acted on (by withdrawing the cisplatin and pemetrexed data from the web) in Nov 2009, almost a year earlier. 
Statements by Duke suggest that the reviewers never saw the Baggerly and Coombes report. A Duke spokesman stated that while the raw data containing the errors had been supplied to the committee, those errors had gone undetected because the data “integrity” was not questioned (the Cancer Letter, Oct 29, 2010) “Regrettably, the data sets that are the source of the retraction request are a subset of the same data that were provided by Drs. Potti and Nevins to external reviewers in early 2010 and were the basis for their review”. Further, (the News & Observer, Oct 30, 2010) “Sally Kornbluth, Duke's vice dean of research, said last year's investigation of Potti's work did not “drill down” to re-check the actual data that were used to form his calculations. She said that review team was “not aware that there were data integrity issues with the work.” As a result, the reviewers did not catch the problems that have now led to Nevin's (sic) request for a retraction.” 
Duke terminated the clinical trials. On Nov 9, 2010, the Duke Chronicle reported that Duke had terminated the three suspended clinical trials.  
Two major papers (Potti et al, Nat Med 2006 and Hsu et al, JCO 2007) have now been retracted, a third (Bonnefoi et al., Lancet Oncol 2007) has been the subject of an editorial “expression of concern”, and Anil Potti has resigned. On Jul 23, 2009, the editors of the Lancet Oncology issued an “expression of concern” regarding Bonnefoi et al., 2007 (another of the chemosensitivity papers) because “On July 21 and 22, 2010, The Lancet Oncology was contacted by Richard Iggo and Hervé Bonnefoi on behalf of the 15 European co-authors of an article we published in December, 2007. The authors expressed grave concerns about the validity of their report in light of evolving events. … Repeated attempts by Iggo and colleagues to contact their co-authors at Duke University, NC, USA, who had been responsible for the statistical analyses in the report, had been ignored.” On Nov 16, 2009, JCO officially retracted Hsu et al. (JCO, 2007). On Nov 19, 2010, the AP reported that Anil Potti had resigned, and that Joseph Nevins “is asking the journal Nature Medicine to retract a paper he published with Anil Potti, the scientist who's stepping down. Potti's collaborator Joseph Nevins said some of the tests in the research they produced for that paper can not be duplicated.”
What wasn’t publicly known
Why did Duke send a copy of the reviewers’ report to the NCI? It was not clear to us, before Dec 20, 2010, why the NCI was receiving communications from Duke about the three ongoing trials, because, according to clinicaltrials.gov, none of the three Duke clinical trials were directly funded by the NCI. However, comments by Duke officials had suggested that the NCI had been in communication with Duke about the review. It was not clear who had initiated that communication, or why. 
Did the NCI think the reviewers’ report addressed the questions raised? Given that the NCI was communicating with Duke about the reviewers’ report, and that, in our view, the reviewers’ report missed some important problems (and given that the committee itself said that the underlying scientific methodology had not yet been published), we were curious about whether the NCI thought there were still problems. We knew that the NCI decided to pull the LMS from CALGB 30506 (a trial it funded) based on a re-evaluation triggered by our findings, but we weren’t clear whether that represented the end of the NCI’s involvement. 
More broadly, we had no idea what questions the NCI was asking, and what steps it was taking to answer them. None of that was known before Dec 20, 2010. Between May 14 (when the NCI pulled the LMS) and July 16 (when the Rhodes story broke), we continued to believe that the Duke trials were based on irreproducible results, but were at a loss in terms of what to do by way of any further assessment. We were curious – but had no way of knowing -- if the NCI was pursuing any further kinds of inquiry. 
What the documents released by the NCI show
1. The NCI’s review of CALGB 30702 raised concerns re cisplatin/pemetrexed (July 09-Nov 09)

CALGB 30702, proposing to use genomic signatures for cisplatin and pemetrexed to allocate patients to treatment arms, was initially rejected by the NCI at the start of 2009, but it was resubmitted mid-2009 and was under active consideration when the Baggerly Coombes article appeared. CALGB 30702, “Genome-guided Chemotherapy for Untreated and Treated Advanced Stage Non-Small Cell Lung Cancer: A Limited Institution, Randomized Phase II Study”, proposed using the Potti/Nevins genomic signatures of sensitivity to several drugs (primarily cisplatin and pemetrexed) to guide the allocation of patients to doublet therapy combinations. The protocol was initially rejected by CTEP (which evaluates trial protocols coming from official cooperative groups) in January 2009 (PAF 5, p.6), but CALGB resubmitted the protocol (PAF 8) together with a response to the CTEP critiques (PAF 7) in July of 2009. At this point, CTEP was closely examining these specific signatures as they pertained to a cooperative group trial, before the publication of Baggerly and Coombes (2009).

The NCI saw problems in 30702 similar to those reported by Baggerly and Coombes. In the course of its review, CTEP became aware of several inconsistencies in the data and signatures as they appeared in multiple contexts (papers, websites, grant applications). In particular, its detailed review (PAF 9, p.2, written in Nov 2009) notes that “Comparison of the published cisplatin and pemetrexed signatures (as reported in Hsu et al JCO 2007) to the ones described in the supplementary tables supplied in the investigators’ response to CTEP show that the classifiers are not the same.” The review further notes with respect to ERCC1 and ERCC4 (previously cited by Hsu et al (JCO, 2007) as providing biological plausibility for the cisplatin signature) that (PAF 9, p.2) “the gene list provided in Table 7 or CALGB’s response to CTEP does not contain the genes ERCC1 and ERCC4. In the Hsu et al version had changed, then the investigators should have fully acknowledged this and this paper should no longer be viewed as providing a “validation”.” The review also notes changes in number, identity, and possibly sensitive/resistant direction of cell lines across studies, citing Baggerly and Coombes (Ann App Statist, 2009). Yet, as the NCI noted (Point 2 of PAF 9, beginning on p.1) the CALGB resubmission (PAF 7, p.17) states “Briefly, the identification and validation of each signature has been reported in four important manuscripts, and serve as the basis for the gene membership and parameterization of the predictive models”. It then lists the four manuscripts (PAF 7, p.17):

“1. Potti, A et al Nature medicine 2006

2. Hsu D et al JCO 2007

3. Bonnefoi H et al Lancet Oncol 2007

4. Salter K et al PLOSone 2008”.

In its own analysis, however, the NCI disagrees that these four manuscripts provide an adequate basis for the signatures. (PAF 9, p.2), “CTEP strongly disagrees with the premise that these publications represent validations of the signatures to be used in the proposed trial” and, citing the errors noted above, flatly states “the results in the Hsu et al paper cannot be viewed as a validation of these predictors.”

Based on its analysis, the NCI rejected 30702 on Nov 9, 2009. Per the cover letter (PAF 10), “We regret to inform you that the reviewers recommend disapproval of this study.”
2. The NCI’s interactions with Duke regarding the initial review (Sep 09-Jan 10)
The Dec 20, 2010 documents show that the NCI was concerned with the three trials based on its review of 30702, and on the awareness that these same signatures were guiding therapy in the three Duke trials. The NCI notified Duke of its concerns in late Sep-early Oct 2009, ultimately leading to the initial review. There are some slight discrepancies in the report as to the precise timing. According to Dr. McShane’s overview (PAF 21, p.2, see also PAF 20, p.3) “The CALGB-30702 protocol mentioned a few trials that were already in progress at Duke University using some of these genomic predictors to determine patient therapy. A search of ClinicalTrials.gov identified several trials that appeared to be using these predictors for which NCI now had significant concerns. NCI (CTEP) contacted Duke University with its concerns at the end of September 2009.” A recollection written by Duke deans Sally Kornbluth and Michael Cuffe (PAF 1, p.1) notes “It was this claim of potential patient endangerment [raised by Baggerly and Coombes] that heightened our concerns about the use of the questioned genomic predictors in the three clinical trials. At the same time, similar concerns prompted the NCI to contact us in October, 2009, asking that we carefully consider the validity of the work and its extrapolation to the clinic.”
Thus the Duke review was initiated at least in part in response to the NCI’s concerns. Again, per Dr. McShane’s overview, the contact with the NCI (PAF 21, p.2, PAF 20, p.3) “led to suspension of three trials and initiation of an investigation by the Duke IRB with assistance from two external statisticians experienced in genomic data analysis and hired by Duke. … NCI had no knowledge of the details of the conduct of the review.” The deans’ recollection is consistent with this, though they emphasize (PAF 1, p.1) “To be clear, at the time, Duke’s institutional involvement in this situation was initiated by patient safety concerns, not by claims of clerical errors or by academic disagreements concerning the validity of statistical approaches taken by Drs. Nevins and Potti.
The reviewers finished their report Dec 22, 2009. Duke forwarded the reviewers’ report to the NCI on Jan 7, 2010, and indicated it would be restarting trials. As noted when the review (PAF 3) was previously obtained by The Cancer Letter (May 14, 2010) in more redacted form under FOIA, while the tone of the report is positive, the reviewers state (PAF 3, p.1) “In our review of the methods... we were unable to identify a place where the statistical methods were described in sufficient detail to independently replicate the findings of the papers. Only by examining the R code from Barry were we able to uncover the true methods used”, and further, that “The one area that (sic) they [the Duke investigators] have not been fully responsive and really need to do so is in clearly explaining and laying our (sic) the specific statistical steps used in developing the clinical predictors and and prospective sample assignments.” Also as noted, the review makes no mention of the Baggerly and Coombes report. Nonetheless, in email to the NCI, Duke stated (PAF 4, p.1) “Based on this review process, we believe that the trials are safe for patients, the scientific basis for these studies is valid, and we have every reason to hope that important results will be obtained. In light of these reviews, we are initiating processes to re-open enrollment in the involved trials.” 
The Duke deans re-emphasized that all data was provided to the reviewers. More recently (Oct 28, 2010, according to the Public Access File List), the Duke deans stated (PAF 1, p.4)
“An additional issue concerns the completeness of the data provided to the reviewers in order to conduct their review. It has been reported in a number of venues that the reviewers said they did not have sufficient data to fully evaluate the validity of the genomic predictors. However, the reviewers reported that they were provided with comprehensive access and data, but also acknowledged that the published work of Nevins/Potti did not contain sufficient information for others to be able to reproduce their work. At the time, we were assured that the reviewers had received unfettered access to the Nevins/Potti data and labs.”
3. The NCI’s examination of cisplatin/pemetrexed trials (NCT 509366, NCT 545948) covered by the Duke review (Apr 10-Jun 10)
The NCI discovered it was providing support for one of the questioned trials. Following its review of CALGB 30506 (Nov 09-Mar 10), the NCI turned to a review of other grants it funded that involved the genomic signatures. A review of R01 CA131049-01A1 to Anil Potti (PAF 2) showed that it was providing funding for a clinical trial involving cisplatin and pemetrexed in which the cisplatin signature was being used for treatment allocation. On April 13, the NCI requested clarification of which trial this was (PAF 18, p.1) “Please clarify how the clinical trial in the grant, noted in Aim 1, is related to the trial NCT00509366 (listed on clinicaltrials.gov.) If these trials are indeed the same, please explain, in appropriate detail: why the NCI is not identified as a sponsor of the trial on the website clinicaltrials.gov…” The NCI further noted (PAF 18, p.2) “A written response to the above requests should be provided upon receipt of this letter (i.e., immediately).” (All emphasis theirs.) Dr. Potti immediately confirmed (PAF 18, p.19) that the trial was indeed NCT 509366.
The NCI requested the raw data and code for the signatures described in R01 CA131049-01A1, the grant application indicating that these signatures were being used in NCT 509366. In their request, the NCI noted that they found the reviewers’ report alone insufficient for them to assess the signatures’ validity. The NCI also requested (PAF 18, p.2) that Dr. Potti “Please provide the raw data, a detailed description(s) of the microarray data preprocessing steps descriptions of predictor building algorithms and computer source code need to re-derive the cisplatin and pemetrexed response predictors as they were used in the paper by Hsu et al (J. Clin. Oncol. 25:4350-4357,2007)”, noting (PAF 18, p.1) “We believe that you may have already assembled this material for the purposes of the independent review of some Duke trials initiated by the Duke IRB. Because NCI did not take part in the Duke IRB review of these classifiers and did not have access to the data provided to the independent reviewers, we deem it necessary to conduct our own independent review of any studies for which NCI has oversight or has supplied funding. This will allow us to confirm the documentation that you provided as justification for grant approval and funding.”

In this investigation of the raw data and algorithms used to derive signatures, the NCI determined that some “rules” were not well-defined. In particular there was no algorithm for choosing which cell lines to derive signatures. Data and code had been supplied on April 29, 2010 (PAF 18, p.22-38); some clarification was requested by the NCI on May 17, 2010 (PAF 18, p.5-8) and supplied on May 21, 2010 (PAF 18, p.39-47). One point of clarification involved the selection of cell lines used to construct the cisplatin signature, since only a subset of lines available from the source cited (Gyorffy et al, Int J Cancer, 2006) were used. In his communication of April 29, Dr. Potti noted “there is actually no `algorithm’ to select the cell lines constituting the cell line based predictors. The selection is initially done manually based on in vitro drug sensitivity information and cell lines are chosen or excluded based on their biologic characteristics and whether or not certain cell lines appear as outliers in the model building process” (PAF 18, p.23). In his communication of May 21, Dr. Potti acknowledges that this selection process may be subjective, but notes “But, as I am sure you will agree, the real test of the model is in independent validation and we have always tried to be as aggressive as possible in validating these in vitro based signatures in independent cohorts” (PAF 18, p.40).
After independently trying to reconstruct the cisplatin and pemetrexed signatures, from the data Dr. Potti supplied, using the code Dr. Potti supplied, the NCI reported problems similar to those reported in the Baggerly and Coombes paper and the Baggerly and Coombes report. The NCI completed its review of the cisplatin and pemetrexed data on June 10, 2010 (PAF 17). Using data and code supplied by Dr. Potti, they found (paraphrasing PAF 17, p.1-2)

1. they were unable to confirm that the cell lines reported were used to assemble the predictor, 

2. they were unable to confirm the in vitro ovarian cancer cell line validation results reported,

3. in vitro validation results for lung cancer cell lines reported in the R01 application did not match those reported by the code supplied,

4. in vivo results for ovarian tumors differed for those reported earlier, and

5. there was a general problem of conflicting information from multiple sources.

The NCI concluded that the results could not be reproduced, using the data and algorithms Duke supplied. The NCI’s report concludes (PAF 17, p.26) “Although Dr. Potti has previously acknowledged errors in figures and gene lists, he has maintained that the actual predictors and the reported performance of those predictors were unaffected by those errors. The data, computer code, and instructions provided to us by Dr. Potti did not enable us to reproduce the results in the paper, and we do not know why or when the methods were changed. We also do not know if the version of the predictor supplied to us is the same version implemented in the trial, and if it is different, we do not know if the trial version was properly validated prior to its use in the trial to guide therapy.”
The NCI met with Duke investigators to express concerns. The NCI saw problems with 30702, 30506, and cisplatin/pemetrexed as a set, and also noted misstatements in the reviewers’ report. At the request of Duke administration (PAF 1, p.4), a meeting was held at the NCI on June 29, 2010 to discuss the NCI’s concerns about 30702, 30506, and the cisplatin and pemetrexed signatures (PAF 1, p.4). Attendees included Anil Potti, Joseph Nevins, William Barry (statistician), Huntington Willard, and Sally Kornbluth from Duke and several NCI staff (PAF 1, p.4, PAF 21 p.6). Notes from the meeting (PAF 6) clarify that Barry, mentioned in the Duke external review (PAF 5), joined Duke in April 2007; both the 2006 Potti et al Nature Medicine paper and the 2007 Hsu et al JCO paper were submitted before he arrived. The NCI presentation at that meeting (PAF 5) outlined the problems the NCI had encountered with CALGB 30702, CALGB 30506, and with the cisplatin/pemetrexed predictors. Reversal and misspecification of pemetrexed cell lines was noted (PAF 5, p.20), coupled with the observation that the pemetrexed signature was being used to guide therapy in NCT 545948 (PAF 5, p.21-2). If the signatures were reversed, the wrong treatment might be administered. Further, the NCI highlighted a quote from the reviewers’ report (PAF 5, p.22, PAF 3, p.3) that “it does not appear the [pemetrexed] predictor the labels were reversed. In addition we agree with Nevins and Potti that since the profile is not used in any of the clinical trials patients are not being endangered” (Emphasis NCI’s) showing that the external reviewers were misinformed about whether the pemetrexed signature was being used to guide therapy. 

Given that the NCI couldn’t reproduce the cisplatin and pemetrexed signatures from the data provided, and likewise couldn’t confirm the predictive accuracy of the reported signatures, the NCI thought that using the predictors to guide therapy was wrong. The NCI wanted justification ASAP, and mandated a search for the original data and code underlying the initial claims. As Dr. McShane notes in her overview (PAF 21, p.6), “the [June 29] meeting concluded with NCI remaining unconvinced of the validity of the Duke predictors. Further, NCI directed that a search of original laboratory and computer records be initiated to produce evidence of the correct versions of the data with the expectation that this task would be performed in expedited fashion.” As noted by Dr. Kornbluth (PAF 1, p.4), “Dr. Barry was charged with the task of providing the NCI with the methodologies and data that would be necessary to fully reproduce the published work of Nevins and Potti, particularly the JCO paper of 2007.”
Conclusions

The NCI appears to have been close to unilaterally terminating trials it now knew it was funding. Our reading of the NCI documents leading up to the June 29th NCI/Duke meeting suggests the NCI was getting set to take action on the trials involving cisplatin and pemetrexed if their concerns were not addressed quickly. Thus, had the Rhodes story not broken when it did, we don’t think the trials would have continued much longer given that the science was faulty (and as evidenced by the recent retractions).
While the reviewers’ report was positive enough to justify restarting trials, the reviewers were not informed about the Baggerly and Coombes report, and were apparently misinformed about which signatures were being used. We believe that the reviewers’ report was insufficient for restarting trials, and Duke, Nevins and Potti should have known this. The tone of the reviewers’ report is undeniably positive. It is also incomplete. We find it impossible to credit that if reviewers had seen the Baggerly and Coombes report they would not “drill down” enough to see problems explicitly listed as itemized conclusions in the executive summary, especially now since the reasons given by Dr. Nevins for retracting Hsu et al (JCO, 2007) include the exact points we made in the Baggerly and Coombes report in Nov 2009. We know the Duke deans had the Baggerly and Coombes report before the reviewers’ report was written, and since the website went down within a week of the Baggerly and Coombes report being sent, we likewise presume that Potti and Nevins saw it. Whether the committee saw this, we do not know. Was anyone charged with communicating this information to the committee? Likewise, as the NCI has noted, the committee was apparently misinformed in at least one respect, in that the pemetrexed signature was being used to guide patient allocation in one of the trials in question. To the extent that the committee was not, or mis- informed, it was not equipped to conclude (as Nevins et al wrote to the NCI, PAF 13, p.1) “the methods being employed in the trials were sound and scientifically valid.”
Errors identified in the Baggerly and Coombes paper and the Baggerly and Coombes report are neither trivial clerical errors nor “academic disagreements”. Gross errors in raw data are inseparable from concerns over patient harm. We disagree with the viewpoint expressed by the Duke deans (PAF 1, p.1) when they state “To be clear, at the time, Duke’s institutional involvement in this situation was initiated by patient safety concerns, not by claims of clerical errors or by academic disagreements concerning the validity of statistical approaches taken in previous publications by Drs. Nevins and Potti.” We see the objections raised in Baggerly and Coombes (2009) to be about gross and repeated mislabeling (and misrepresentation) of the raw data. These are not trivial “clerical errors”; neither are they abstruse arguments about “statistical approaches”. Rather, they amount to repeated assertions that the data’s wrong. In that light, it is not clear to us that these types of errors can be separated from patient safety concerns.
Cross-Connections

The same types of problems were seen both times. More knowledge of the problems in one instance might have better informed studies of the other. In neither case were the results reproducible. In both cases, major difficulties were encountered with identifying what data were used for training and validation, establishing that the labels were correct, and identifying the code used. To an extent, these commonalities were visible to the NCI, which was able to compel the production of data and code in both instances. This is partly visible in the chronology, as the NCI reviewed CALGB 30702 (Jul 09-Nov 09), the LMS (Nov 09-Mar 10) and the cisplatin/pemetrexed signatures (Apr 10-Jun 10). Because the data and code were unavailable, the commonalities were not visible to others. We knew of problems with the chemosensitivity signatures, but lacked information about the data used to produce the LMS results (e.g., survival times), let alone the random seed required to obtain the exact results reported. One might wonder whether the external reviewers Duke contracted in late 2009 would have proceeded with their task differently had they known the NCI had raised similar questions about an entirely different trial.
Common Themes

This appears to be a huge waste of resources. The papers describing the LMS and the chemosensitivity signatures made strong claims that have not turned out to be reproducible. As a result, several clinical trials have had to be terminated or weakened. Had those papers not set an artificially high standard for the performance of genomic signatures, researchers might have developed different signatures and designed other clinical trials. The money that went to fund those trials and related grant proposals might have been spent on other projects with a better chance of long-term success. This says nothing about the dashing of patient hopes or the public’s faith in genomic research.
The NCI decisions were absolutely correct. In retrospect, the NCI reservations about taking the LMS to a clinical trial, reservations about using the chemosensitivity signatures in CALGB 30702, and questions about the reproducibility of the chemosensitivity signatures appear well-founded. As Dr. McShane notes in her overview (PAF 21, p.7), “lf we are going to move clinical tests based on omics technologies into clinical trials where they will have an impact on patient treatment and outcome, we need to instill more rigor into the development and validation process”. We note that the assessments of methods and data the NCI performed were not, at heart, complex – they were all focused on answering questions about “what, precisely, did you do, and what, precisely, were the results you obtained?”
The currently acknowledged problems are all of types we described. The problems the NCI encountered both with the LMS and internally with chemosensitivity signatures parallel problems we encountered and described publicly: mislabeling of samples, predictions going the wrong way, difficulty reproducing results, questionable claims of blinding (Baggerly and Coombes, 2009, The Cancer Letter, Oct 23, 2009). Ongoing validation attempts have so far resulted in two of the chemosensitivity papers (Potti et al, Nat Med 2006, and Hsu et al, JCO 2007) being formally retracted; further investigations are underway.
The data and code should have been available from the outset. We are all too aware that reconstructions of the type evidenced here are time-consuming tasks. We thank the NCI for undertaking them. That said, it is not clear to us that verifying the basis for a phase II or phase III trial (the Duke and LMS trials, respectively) should require NCI compulsion of the data and code. In our view, these should be available in checkable form before the trials are begun. As the IOM committee deliberates about what should be required for the use of omics signatures in clinical trials, we hope they will keep these cases and principles in mind. 
An Additional Point
Duke has now admitted it didn’t show the Baggerly and Coombes rerport to the external reviewers 

Summarizing the Duke review, the university’s deans Kornbluth and Cuffe noted (PAF 1, p.4, Oct 28, 2010): “An additional issue concerns the completeness of the data provided to the reviewers in order to conduct their review. It has been reported in a number of venues that the reviewers said they did not have sufficient data to fully evaluate the validity of the genomic predictors. However, the reviewers reported that they were provided with comprehensive access and data, but also acknowledged that the published work of Nevins/Potti did not contain sufficient information for others to be able to reproduce their work. At the time, we were assured that the reviewers had received unfettered access to the Nevins/Potti data and labs.”
The deans were recently asked about this point by reporter Eugenie Reich of Nature. As posten on Nature’s blog on Jan. 5, 2011, “Kornbluth responds that the review was conducted under the auspices of the Duke Institituional Review Board, which did receive a copy of the document from her. But, she explains in a statement sent together with Cuffe, the board, in consultation with Duke's leadership, decided not to forward it to the reviewers, “it was determined that it would be best to let the data, publications, etc., speak for themselves and not bias the independent investigation for or against any party. In retrospect, we did not realize that the data provided by our investigators were flawed (as the public record now shows), rendering an outside review addressing the methodology flawed as well. In hindsight, we would have ensured that the IRB provided all communication with Dr. Baggerly, recognizing the risk of bias. We've learned considerably from this process and are introducing key changes in the way we deal with research that will be translated to the clinical arena as a result,” they say.”

More recently, in a Nature news feature (Jan. 13, 2011, posted online Jan. 11), further clarification was provided about who saw the Baggerly and Coombes analysis: “Kornbluth and Cuffe admit that, in consultation with John Harrelson, who was acting as chairman of Duke’s Institutional Review Board, they decided not to forward the latest communication from Baggerly and Coombes to the rest of the board or the external reviewers.”

We don’t see how providing our report would have biased the investigation. Our report was not an ad hominem attack. We named specifics that could be checked to see if they were right or wrong, as facts. These included the problems noted, a year later, by the senior author in calling to retract the results. Withholding this information from the investigators made it harder for them to do their jobs properly.
The Duke statement indicates that “in retrospect, we did not realize that the data provided by our investigators were flawed (as the public record now shows).” We are at a loss to explain how this was missed. The cover letter accompanying our report is roughly 700 words, and explicitly states (with respect to the validation data), that
“1. The sensitivity labels are wrong.

2. The sample labels are wrong.

3. The gene labels are wrong.

All are "wrong" in ways that could lead to assignment of patients to the wrong treatment.”

The bulleted points above were extracted verbatim from the conclusions section of our full report’s executive summary (p.5) and linked to patient assignment specifically so that this point would not be missed. What else should we have said to highlight that the data were flawed?

Further, we see no justification for citing a review produced in ignorance of the facts as a validation of the approach, let alone claiming (The Cancer Letter, Jan 29, 2010, p.3) that the “detailed external investigation and confirmation of the scientific methodology serve to strengthen the confidence in this evolving approach to personalized cancer treatment.”
