Iconix Pharmaceuticals Inc.

FDA Draft Guidance on Pharmacogenomic Data Submissions
Recommendations and Proposals

Please find enclosed the comments from Iconix Pharmaceuticals regarding the Draft Guidance for Industry on Pharmacogenomic Data Submissions.  Our comments can be divided into three main categories: study design, data submission, and data interpretation, which are put into context in the accompanying flow diagram (see figure below). Note that these recommendations are for pharmacogenomic data in support of preclinical studies, and do not necessarily apply to clinical pharmacogenomic data.  The comments are also focused on the generation, analysis and validation of ‘omic’ data.
1.  Study Design Principles

Rigorous study design principles are a prerequisite to generating and effectively interpreting transcriptional data.  Iconix recommends that a minimum of a biological triplicate per treatment (e.g. 3 animals per experimental and control group) be included in the study design. Experimental results have shown that this design parameter helps to control for biological variation and allows statistics to be used in the analysis. In addition, controls (e.g., vehicle-treated or sham-treated) should be processed within the same time frame as experimental samples in order to control for process drift.  Since process drift is a Sponsor-dependent event, samples not processed within a relatively short time frame (e.g., less than a month) should be accompanied by sufficient quality control data to ensure data integrity.  Iconix also recommends the use of the universal external RNA standard, when it becomes available, which should be processed in the same time frame as the submitted data in triplicate. This standard will aid in detecting quality control issues and process drift.
2.  Pharmacogenomic Data Integrity and Quality.
(i) Data Integrity

Since FDA reviewers have a limited amount of time to review an IND submission, a rapid assessment of data integrity is essential.  It is our recommendation that the Agency set standards for the minimum criteria to assure that the submitted data are of suitable quality for further analysis.  The target format should include components of the MIAME standards, as well as supporting data typical of a peer-reviewed publication with some exceptions as noted below.

All RNA samples should be assessed for quality.  For total RNA, metrics such as 28S/18S ratios are currently being used.  This standard appears to be adequate for procedures employing total RNA.  However this is not universally the case.  In other processes, including the one used at Iconix, ‘enriched’ mRNA samples are used effectively. Iconix has experience running over 15,000 microarray experiments and has empirically determined that the 28S/18S ratio is not an appropriate quality metric for this type of RNA sample. An alternative method to identify degraded samples is obtained using electropherograms generated on an Agilent Bioanalyzer.   However the inclusion of electropherograms as part of a submission to the Agency is not recommended due to the difficulty of quickly interpreting these results. Rather an auditable statement from the sponsor that samples passed set criteria would be preferable.  

(ii) Data Quality

It is also recommended that array quality be assessed for each submitted dataset.  A basic set of metrics including median signal to background, average normalized background, log dynamic range, and mean raw signal across the array should calculated and used to determine quality. Comparing these values to historical data and/or to the external standards facilitates benchmarking the relative quality of the test arrays. It is important to note that although spike-in bacterial or yeast controls are used by many laboratories (including our own) in each array experiment, we do not consider them to be as robust as other metrics of hybridization performance. Therefore, we recommend against the use of the results of spike-in controls as a quality metric.  
As a further valuable quality check, Iconix recommends the implementation of correlation analysis of the log signal intensity of each array hybridization experiment to several known control tissue references. A poor correlation to the respective tissue reference for a particular array experiment quickly identifies a poorly processed array and/or sample mishandling.
(iii) Data Submission

With regard to submission of data via a report format, Iconix recommends that line 458 of the Draft Guidance, “validation of gene expression by conventional assays…”; and line 462, “submission of electronic file containing raw images and scatter plots” be omitted as this data can not be readily generated or easily reviewed. For example, it is impractical to require northern analyses to accompany and support transcriptional changes measured on a microarray.  
Each sponsor may have different preferences for array platform and analysis tools.  As long as quality assessment metrics are minimally satisfied and data are submitted in a reproducible, interpretable format, the Agency should be accommodating to facilitate and not restrict the types of analysis or interpretation conducted by individual Sponsors who voluntarily submit pharmacogenomic data.  
However for required preclinical pharmacogenomic data submission, it is recommended that commercial hardware and software used in data generation and analysis be revealed to the Agency. 

3.  The Importance of Context for Biomarker Validation
The contextual nature of data interpretation defines the level of validation of a biomarker.
Iconix believes that greater detail is needed to describe the process of elevating a biomarker from “exploratory research pharmacogenomic data” to “probable valid biomarker” to “known valid biomarker” (Figure 1).  
It is recommended that the categorization of the biomarker be established by (i) the quality of study design from which it came, (ii) thorough QC analysis (noted above), and (iii) an adequate level of interpretation and validation.  It is recommended that for evaluation of the authenticity of a known valid biomarker, the Agency should have access to the entire gene expression dataset that led to the conclusion or at least to the minimum dataset required to reach the conclusion.  
It is further recommended that an appointed body be responsible for judging the status of biomarkers.  This is a role that could be performed by the IPRG if it were adequately supported. 
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Figure 1: Flow process for development of a known, valid biomarker
The following concepts are forwarded to help define the three types of data and help illuminate a path towards biomarker validation.  In summary, valid biomarkers differ from exploratory research pharmacogenomic data by their level of performance when evaluated in the context of a suitably large test set.
A. Exploratory Research Pharmacogenomic Data 
Exploratory research pharmacogenomic data are generated in a study that does not meet the probable valid biomarker design criteria (described below) and are interpreted to a basic level (e.g., identification of individual genes up- or down- regulated, basic biological meaning applied to the test compound of interest).   In the absence of a basic level of analysis by the Sponsor, microarray data are extremely difficult to interpret and require extensive time commitment on the part of the Agency. Individual genes up or down regulated, when viewed in isolation without context, have little or no value.  Thus, it is recommended that microarray data submitted in the absence of a basic level of interpretation should be disregarded.  Since exploratory, research pharmacogenomic data are not evaluated in the context of other gene expression results, these types of data are misleading and should have no regulatory impact.  Furthermore, their voluntary submission is likely to confuse rather than educate the IPRG to the value of the approach.
B. Probable Valid Biomarker

Defining a biomarker as a probable valid biomarker based on gene expression results requires an appropriate study design and internal validation that includes an assessment of specificity and sensitivity.  Specifically, the test set must include a sufficient number of positive controls (e.g., at least 5) for the experimentally defined end point the biomarker is predicting.  Equally as important, a sufficient number of negative controls (e.g., at least 10) should be included.  When deriving biomarkers of toxicity, it is desirable to include negative compounds that are pharmacologically related to the positive compounds, but lack the toxicity. This will ensure that the biomarkers are not indicative of a unique pharmacology and will be generalizable to other compound classes inducing the toxicity.  A valid analysis should be performed with a minimum dataset of at least 15 compounds representing 50 experiments (i.e. dose-time-combinations).  More compounds may be necessary to achieve a suitable level of accuracy, depending on the end point being predicted. 
To achieve the status of probable valid biomarker, the complete dataset, including all positive and negative control data, need to be submitted to the Agency in a format suitable for duplication of the derivation of the probable valid biomarker in question.  The specific mathematical method used to derive and test the biomarker should be detailed and presented. For purposes of valid biomarker performance evaluation and validation, stringent testing of the performance should be assessed.  One commonly accepted example is using a “jackknife procedure” whereby a model is trained with a random selection of 60% of the data set, and the derived biomarker is tested on the remaining 40%.  Multiple iterations (>=20) of training and testing should be performed to estimate biomarker performance.  

The performance of the valid biomarker should be assessed by testing its accuracy in identifying true positives and true negatives in the dataset compared to its error rate in identifying false positives and false negatives.  The performance is expressed as a log odds score. (“LOS”) as shown below. The minimum LOS for a probable known valid biomarker should be at least 4.0, which corresponds to approximately 50 correct calls for 1 incorrect call.
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These basic study design principles build a foundation for subsequent public critique of the biomarker and facilitate its elevation to a known valid biomarker.

Development of probable valid biomarkers can be performed as part of a regulatory toxicology study (e.g., GLP compliant), yet should be considered exempt from GLP requirements.  For example, microarray analysis done to mechanistically characterize high dose effects of test compound in a 90-day GLP toxicology study is performed, but the process of generating the array data is not included in the GLP guidance.

These basic study design principles build a foundation for subsequent public critique of the biomarker and facilitate its acceptance as a known valid biomarker.

C. Known Valid Biomarkers

It is recommended that to achieve the status of a known valid biomarker, the biomarker be scrutinized and publicly accepted as a surrogate marker of the predicted biological endpoint.  It is proposed, for example, that a probable valid biomarker generated by one company be placed into the public domain for validation of its performance.  Alternatively, an expert working group, e.g., the IPRG with the appropriate composition and/or support, could test or supervise the objective testing of the performance of a probable known valid biomarker.  In either case a body will be required to judge the status of a biomarker in order for known valid biomarker to gain Agency acceptance.  The validation of a known valid biomarker involves prospective testing of performance, although retrospective testing of samples generated independently from the initial study would also suffice.

Conclusion

Microarray data, like any toxicological and pathological data, need the perspective of experience in order to draw meaningful conclusions.  In traditional toxicology studies evaluating a test compound, clinical pathology and histopathology findings are interpreted relative to an extensive knowledge base of historical data collected over the past century available in the primary literature and the collective experience base of drug discovery-focused toxicologists.  It is our recommendation that with microarray data submitted to the Agency, the FDA should conduct their own analyses and collect these data over time to develop an internal FDA database of Sponsor microarray data. It is our experience that a large reference database is necessary to judge the quality and comparability of new types of experimental data, and to retrospectively validate proposed biomarkers.  

One of the greatest concerns from a Sponsors point of view is the potential for expression data to be interpreted negatively, and raise unsubstantiated red flags about the safety of a compound.  However, when expression changes can be placed in context of known valid biomarkers, transcriptional changes can be readily understood and accepted as part of risk assessment.  Indeed, when known valid biomarkers are available at the gene expression level, it will become possible to submit the response of biomarker genes only, rather than submitting all genes on the microarray. 

Transcriptional analysis has matured rapidly over the last few years driven, in part, by the realization of its potential to improve the quality of therapeutics on the market while reducing the cost to the healthcare system of discovering and bringing them to the patient.  The approach is clearly here to stay.  Some of the resistance to adopting the approach is due a lack of familiarity in certain circles with the progress that has been made on study design, data integrity, quality control, and data interpretation.  In fact the field is ready today to contribute concretely to improving the efficiencies and quality in drug evaluation and approval.   
