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Dear Dr. Gutman:

We wish to address the Draft Guidance of September 7, 2006 specifically as it relates to the use
of array comparative genomic hybridization (array CGH) for genomic analysis of clinical samples. We
refer to this application of array CGH as chromosomal microarray analysis (CMA). Dr. James Lupski and
I and others from Baylor College of Medicine (BCM) had the privilege to meet with a group of FDA
personnel led by Dr. Steven Gutman on August 30, 2006. Since that meeting, Dr. Lupski and I have been
having extensive discussions as to how array CGH might best come into compliance with FDA policies.
Prior to the August meeting, we at BCM had discussed the possibility that the laboratory method could be
focused on determination of copy number across the entire human genome. 1 believe that Dr. Lupski
mentioned this possibility during our August meeting, but it seemed to be unattractive to the FDA group
at first mention. Since the meeting, Dr. Lupski and I have become increasingly convinced that this is a
very attractive strategy for relatively straightforward and broadly inclusive regulation of array CGH.

Our view would be to think of array CGH as more akin to an imaging method such as MRI of the
brain or mammography. The process can be divided into four steps as shown in the figure below. In step
1, all of the platforms would generate raw image data. Step 2 would involve the use of an algorithm to
determine regions of gain or loss of copy number relative to a reference genome annotated by base
positions in the human genome. In step 3, a board certified laboratorian would interpret the possible
clinical implications of the gains or losses observed, akin to the role of a radiologist. Finally in step 4, the
clinician would integrate the report generated in step 3 into the clinical and family context, much like the
clinician currently integrates a brain imaging report into the care of a patient. By this rationale, the
various platforms for array CGH would determine copy number across the genome. We believe that it
would be relatively straightforward to achieve quality assurance across many platforms in this regard.
Each device could be accompanied by specification as to precisely which nucleotide sequences across the
entire human genome will be tested for copy number. This would be similar for BAC arrays,
oligonucleotide arrays, or other probes to specific genomic locations arrayed on a matrix such as slides or
beads. We believe that it would be very achievable for all of the platforms to give substantial or complete
agreement on analysis of a series of standardized samples. The interpretation of some gains and losses in
copy number would be relatively straightforward. This would be the case for deletions causing losses in
association with conditions such as Williams syndrome, DiGeorge syndrome, Prader-Willi syndrome,
Angelman syndrome, and many other diseases that have been rigorously shown to result from changes in
gene copy number secondary to genomic deletion or duplication. In other instances, the significance of
gains or losses may be uncertain, and it would remain the responsibility of the expert providing the
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interpretation to render an opinion in this regard. It would be easy to obtain a second opinion for the
interpretation of the primary data, much as occurs by way of analogy with various imaging studies.

Suggested array CGH
Guidance

« Analogy to imaging devices (e.g., MRI of brain or
mammography); all platforms equivalent.

* Four components
— Raw image data.

— Algorithm to determine regions of gain or loss of
copy number.

— Interpretation by board certified laboratorian for
result; regions with gain or loss and associated
possible phenotypes (akin to radiologist).

— Clinician integrates result in clinical context.

We believe that there are a number of advantages to this approach. First, the number of deletion
and duplication syndromes being discovered is growing rapidly and these discoveries will continue to
increase as the arrays move to higher density genome coverage. Thus, any attempt to evaluate a device
based upon an individual locus, or a single disease phenotype will never achieve completion. The
important concept is that gene copy number changes due to genomic rearrangements, rather than the
mutations within a gene, can be responsible for disease phenotypes. Another fact to consider is that many
patients have relatively unique deletions or duplications with breakpoints that will never be seen
identically in another patient. Yet, these deletions or duplications can be interpreted if they are very large
and cover regions where deletions are known to have certain phenotypic consequences. This variability
in deletion breakpoints is typical for telomeric regions, and it is well exemplified for Cri-du-chat
syndrome — associated with terminal deletions involving the telomere on the short arm of chromosome 5
(i.e. 5p). Another fact to consider is that certain deletions and duplications will convey phenotypes with
incomplete penetrance and variation in expression. For these regions, the interpretation will necessarily
be that the effect on the phenotype of the individual varies from case to case, and will necessarily require
correlation with clinical information on the subject and on other family members. Another consideration
will be the potential to reinterpret raw data as greater information comes available about the correlations
between copy number variations and phenotype in the human population. Thus, the interpreter might
state that a gain or loss is of uncertain clinical significance in 2007, but in 2009, it might be known that
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this variation is virtually always benign or is associated with abnormalities and/or susceptibility to disease
in a specific percentage of cases.

Another consideration is the widespread occurrence of copy number variation (CNV) in the genome.
Using tiling arrays that cover the entire genome, the extent of CNV is extraordinary, with 20-30 gains or
losses in copy number for the average individual compared to a consensus genome. It seems likely that
many of these variations are benign, but some may prove to be important in a variety of disease situations,
including complex disease traits. The interpretation of a CNV can be dramatically affected by whether it
is present in a normal healthy parent and other family members or is de novo in the patient. A de novo
change is statistically far more likely to be the cause of phenotypic abnormalities in a patient than is an
inherited change that is present in numerous healthy family members. The available devices can easily
determine whether similar gains or losses are present among various family members. It remains the
domain of the interpreter to assess whether these changes have any impact on the health of the individual.
Some makers of devices may systematically attempt to avoid regions of known CNVs, while others might
tile the genome rather extensively and thus detect many CNVs in each patient. An approach whereby
each device is approved to detect gain or loss of copy number at specific nucleotide sites in the genome
would allow for useful clinical interpretation of whatever data are available. A likely scenario might be
that an initial diagnostic evaluation on a patient with developmental delay and/or dysmorphic features
might use a relatively focused array and allow for a definitive interpretation in the absence of studying
parents. If the initial array gave normal results, a more dense tiling array could be used (on a research
basis at present), but this would require study of both parents for proper interpretation, and this would be
more costly because of the need to run all three samples. However, the more dense tiling arrays would
identify genomic changes and alterations in gene copy number that would not be detected by a more
focused array. The denser array both cover regions not covered in focused arrays and provide greater
detail in the covered regions. In this scenario, it is assumed that the interpretation of an array would be
performed by a certified geneticist or pathologist, and it would be relatively simple to obtain second
opinions about such interpretations.

We would like to address a second area of concern. The clinical demand for array CGH is growing
extremely rapidly and for very good reasons. This test is making possible, many genetic diagnoses which
were impossible to make in the past. The percentage of cases in which clinically significant diagnoses are
made increases as the complexity of the arrays is increased. This technology is relatively cost effective,
and it is feasible to imagine that such testing might be available at a cost roughly equivalent to that
currently required for a karyotype analysis. If array CGH could be performed for a cost equivalent to or
modestly higher than the cost of a karyotype, there is the likelihood of potentially discontinuing
karyotype analysis as a primary test and replacing it with array CGH. Karyotype and FISH tests remain
essential in clarifying the full interpretation of abnormal array results. For example, array CGH may
detect a gain of copy number for all of chromosome 21 and be consistent with a clinical diagnosis of
Down syndrome, but karyotype is needed to determine if this represents a free extra chromosome 21 or a
case of translocation Down syndrome. Similarly, array CGH may demonstrate a gain of copy number, but
FISH is required to determine the location of the extra material among the various individuals. In our
opinion, the use of array CGH as the primary form of chromosomal analysis would give an enormous
benefit in the practice of clinical genetics. It would also have an enormous effect on increased detection
of severe abnormalities using prenatal diagnosis.
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Array CGH represents a substantial improvement in the practice of clinical genetics. It would be
desirable, in our opinion, to make this improved quality of care widely available to our patients and their
dedicated families in a timely manner. There is little, if any, evidence of abuse involving the use of array
CGH for genetic diagnosis. We believe that it might be possible to regulate array CGH with a single
strategy to cover all types of arrays. This more simple approach might make it attractive for the FDA to
try to place array CGH higher on the list of priorities among various forms of genetic testing. This relates
to our proposal above that devices for array CGH would determine copy number at specific sites across
the genome in comparison to a consensus genome. Based on the enormous number of abstract and
platform presentations at the American Society of Human Genetics (ASHG) meeting in October 2007 and
on conversations with multiple laboratory scientists and clinicians, we believe that array CGH will
continue to experience extremely rapid growth. At the most recent meeting of the American College of
Medical Genetics, there were many additional announcements of new service providers offering array
CGH of the type discussed here. At this meeting, we announced that we have transitioned our laboratory
services from BAC arrays to custom oligonucleotide arrays produced for us by Agilent; these arrays offer
much better quality assurance for the manufacturing process. We are eager to achieve some agreement
with the FDA such that we can meet this patient and family demand without causing extensive delay.

We at Baylor very much look forward to further discussions and achieving compliance with the
evolved FDA guidelines regarding clinical use of array CGH.

With best regards, M |
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/Arthfir L. Beaudet, M.D. James R. Lupski, M.D., Ph.D.
Professor and Chair Professor Vice Chair
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