Introduction
Copy number variations (CNVs), the loss or gain of small genomic segments, have been found to be both common in all normal individuals and play a major role in human phenotypic variation and disease.  This discovery has had a profound impact on our understanding of human genetic variation.  Powerful technologies for high-resolution CNV assessment are now available and have moved into clinical diagnostic use (cytogenomic microarrays, or CMA).  Given the increased ability of this type of testing to identify significant genomic imbalances over that of traditional methods, CMA has been recommended as a first tier test in the evaluation of individuals with unexplained intellectual disabilities, multiple congenital anomalies, and/or autism spectrum disorders.1   Though now considered standard of care by many, there is still a great deal to learn in regards to the interpretation of CMA results; our ability to predict which CNVs have biological or health significance is still limited.  The acquisition of more comprehensive and accurate CNV data from multiple normal and patient populations is an urgent clinical and public health priority.  Collections of CNV information from reportedly normal populations is currently available in repositories such as the Database of Genomic Variants (http://projects.tcag.ca/variation/project.html), but information regarding CNVs in individuals with clinically significant phenotypes has historically been more difficult to attain. The Clinical Genome Resource (ClinGen)2 has worked with the National Center for Biotechnology Information (NCBI) to make this information publically available in order to address this knowledge gap and to potentially improve patient care.  The large number of cytogenomic microarray tests now being performed by clinical cytogenetics laboratories presents a unique and timely opportunity to capture large datasets from patient populations, contributing to our understanding of the consequence of CNVs from clinical populations.  The overall goal of ClinGen’s efforts is to utilize this large dataset generated in the course of routine clinical care to build an invaluable resource for learning about the clinical and public health impact of CNVs.  This goal will primarily be attained through the improvement it will facilitate in the reporting of clinical cytogenomic array tests.  Secondarily, data can be made available for research purposes in a HIPAA-compliant manner to stimulate additional discovery.

Background and Significance
Copy number variants are deletions or duplications of genomic segments (>1 kb up to Megabases (Mb) in size). Since the 2004 discovery that many CNVs occur in all normal individuals3,4, numerous investigations have shown that more than 20% of the human genome is subject to such structural variation; this likely plays a major role in human trait and disease variation. The scientific significance of this newly discovered form of human variation was recognized by the journal Science as the “Breakthrough of the Year” in 20075. The great majority of CNVs in normal individuals are small (<100 kilobase (kb) in size), although a low frequency of larger imbalances (> 1 Mb) can also be seen.  A subset of CNVs has also been identified as a major cause of birth defects, intellectual disability, autism and schizophrenia.6-8 These deletions and duplications are typically larger (>100 kb) in size, are de novo or recent mutation events, and may be associated with recurrent microdeletion syndromes mediated by nonallelic homologous recombination (NAHR) between low-copy repeats (LCRs, or segmental duplications).  

Although CNVs have been identified as a major contributor to genetic variation, there are substantial gaps in our knowledge regarding the biological and medical impact of CNVs in normal human variation and disease. There is an urgent scientific need for large, high-quality datasets from normal and disease populations. 9  With the widespread adoption of clinic testing for genome-wide copy number assessment in pediatric clinical settings, there is a unique and timely opportunity to capture and mine large datasets generated through the course of routine patient clinical care.  In particular, the pediatric population, which includes children with congenital anomalies, intellectual disabilities, and autism, was thought to be a very important population in which to gain an understanding of pathogenic CNVs in the human population as a whole.   As such, CMA is now considered a first-tier diagnostic test in the evaluation of individuals with unexplained intellectual disability, multiple congenital anomalies, and/or autism spectrum disorders.1  Since several hundred thousand cytogenetic studies are performed each year on a clinical basis, the potential dataset size from clinical studies in the U.S. is quite large. 

To do this, ClinGen supports the development of a publically available database, ClinVar (housed within the National Center for Biotechnology Information (NCBI) within the National Institute of Health (NIH)), in which clinical laboratories from around the world deposit deidentified CNVs found during routine clinical CMA testing.  The advantages of obtaining data from clinical testing centers through a coordinated multi-centered approach include 1) reduced costs, as the array data is already generated as part of patient care; 2) access to large numbers of samples (tens of thousands of cytogenomic array cases are currently being done on a clinical basis); and 3) pooling data across many clinical labs will rapidly accelerate our understanding of pathogenic vs. benign CNVs in the human genome.  A multi-centered collaboration is now practical since all technologies provide genome-wide data with imbalances defined and reported in the universal language of human genome sequence coordinates. 

Our limited knowledge regarding the potential clinical impact of CNVs currently causes substantial uncertainty in regards to interpretation of lab results.   It is difficult to effectively counsel families regarding the potential causal relationship of a CNV to a disease phenotype when little information is available about the particular CNV.  A large, centralized database of genotype and phenotype information will greatly accelerate our ability to interpret CNV findings, and will be invaluable in improving patient care. High-quality data is released publicly on an ongoing basis through public genome browsers and commercial vendors, with efforts to develop “clinician-friendly” user interfaces to search for data on cases similar to their own patients.  Both patients and society will benefit from the knowledge obtained from this project.  Improved counseling based on more precise information will be possible for patients, and clinicians will be able to describe the spectrum of anticipated impact with increased precision.  Most importantly, detailed information about the etiology of specific developmental disorders should lead to the adoption of the most appropriate treatment approaches. 

Study Design
Methods
This study is designed to allow XXX Cytogenetics Laboratory to submit de-identified variant-level data to ClinVar, a publicly available database maintained by the National Center for Biotechnology Information (NCBI) at the National Institutes of Health (NIH).

Sample
No biological samples will be submitted to ClinVar.  Patient-related data to be submitted includes all CNVs observed and interpreted on a clinical report by this laboratory, along with relevant clinical data such as patient sex, age in months, and the clinical indication for testing. Data files do not contain comprehensive genomic data that would allow for potential re-identification and all submissions will be coded without PHI.  We estimate that this includes information from approximately XXX CNVs generated through [date here], and approximately XXX CNVs per year thereafter.

Inclusion Criteria:   	
Any individual who has postnatal clinical cytogenomic array testing through the XXX Cytogenetics Laboratory may participate.	Comment by Erin Riggs: Please adjust accordingly based on the type of CMA data you’d like to submit.
 
Exclusion Criteria:	
None	

Research Procedures
Design of ClinGen Project:
Geisinger Health System serves as one of the coordinating centers for the ClinGen Project; the project in its entirety has been approved by the IRB of Geisinger Health System (IRB #2013-0367).

NCBI Collection of Data into ClinVar:
The data submitted to the project will be hosted by ClinVar (http://www.ncbi.nlm.nih.gov/clinvar).  The data to be submitted will consist of the following:
· Laboratory name
· Complete variant definition (e.g. genomic location, genome build, etc.)
· Clinical interpretation (e.g. pathogenic, uncertain, benign, etc.)
· Disease and inheritance pattern upon which the interpretation was based (if applicable)
· Evidence upon which the interpretation was based, including but not limited to:
· Summary of available literature
· Summary of genetic, computational, and functional analyses published or performed internally
· Summary of laboratory’s case-level experience with the variant, i.e. number of individuals in whom the variant has been identified, summary and counts of the phenotypic and demographic features of those individuals, inheritance, etc.  For example: “This laboratory has observed this variant in 10 individuals: 4 males, 6 females. All cases had clinical diagnoses of hypertrophic cardiomyopathy, 8 had conduction system disease, and 2 were reported to have onset in infancy. 9 of the individuals were Caucasian, and 1 was Asian.  1 of the variants was found to be de novo.  Inheritance information was not available for the other 9 observations.”  Please note that some CNVs may have only been observed in a single individual.  See additional information under “De-identification of Data.”
· Information on additional variants observed in individual patients as it relates to the pathogenicity assertion of the variant being described in ClinVar. For example, a laboratory may want to note that the reason Variant A was considered “Likely pathogenic” is because the patient was also found to have Variant B as part of an unbalanced translocation. 

De-identification of Data:
All HIPAA-identifiers will be removed from the data before submission.  The laboratory will code all results with a Submission ID before sending data to NCBI.  This Submission ID will not be the patient accession number or laboratory ID used for clinical testing.  NCBI will then re-code the data with a separate ID to further de-identify the data.  The laboratory alone will retain the key linking the codes to the complete clinical file that is maintained as part of the routine clinical care provided.  Privacy procedures consistent with standard clinical care, including password-protected computers, locked files, and HIPAA-trained staff, will be upheld at all times.  The lab is not submitting complete genomic profiles of any patients (the type of files which could theoretically be used to re-identify a patient). While the possibility that the individual could be identified based on a single variant or small collection of variants cannot be ruled out, the risk is very low.

Phenotypic data contributed to the database will be the information provided to the laboratory by the referring physician.  While one of the goals of the database is to improve our understanding of genotype-phenotype relationships, we will not be providing highly-detailed phenotype information.    Typically, the information we are provided with is a general description and will not provide enough detail to sufficiently identify someone.  For example: “This laboratory has observed this variant in a single African-American male. This individual was reported to have developmental delay and dysmorphic features.”  To further generalize the phenotype information deposited into ClinVar, all phenotype information will be converted into specific Human Phenotype Ontology (HPO) terms10.

Data will be deposited from YOUR LAB’S NAME on a routine basis to NCBI.  No patient-identifiers will ever accompany the data.  Additionally, no biological specimens will be shared in any way.  

Data Analysis
The intent of this database is to serve as an ongoing resource to both the clinical and research communities.  No specific data analysis is planned.  Periodically, the data may be summarized by ClinGen using descriptive measures (i.e. how many pathogenic CNVs have been identified amongst patients referred for autism).  Simple comparative statistics may also be used (i.e. has a particular CNV been classified as “pathogenic” a statistically significant number of times more than it has been called “uncertain,” etc.).  Independent researchers who utilize the data are responsible for conducting their own analyses.

Adverse Events and Data Monitoring Committee
As no interventions are taking place, no adverse events are anticipated.  The risk that an individual could be identified by the data reported to this database is low.  Should an adverse event occur, it will be recorded and reported to the IRB per standard procedures.  A Data Monitoring Committee will not be used, as there are no anticipated risks to patient safety.

Consent
Per the attached document “Guidance for Clinical Laboratory Submission of Variants to ClinVar,” which was written by the ClinGen Steering Committee and reviewed by representatives of the National Human Genome Research Institute (NHGRI), explicit consent is not needed for submission of the type of data described above (https://www.clinicalgenome.org/data-sharing/data-submission-toolkit/policies-for-clinical-laboratory-submission-of-variants-to-clinvar/).  The NIH Genomic Data Sharing Policy (https://gds.nih.gov/03policy2.html) is not applicable to ClinVar submissions, because they involve variant-level information and not large-scale human genomic data, and because the data is generated during the course of fee-for-service clinical testing.

A waiver of elements of informed consent is being requested for this study for the following reasons:
1. The research involves no more than minimal risk.  The risk that a person could be identified by the information being submitted to the database is low.  There are no other anticipated risks associated with participation in this study.
2. Waiving full informed consent is not believed to adversely affect the rights or welfare of the study participants.
3. Information about the laboratory’s intent to submit summary variant-level information to ClinVar is made available to patients via statements on the laboratory test requisition form, test results, and laboratory website.
4. This study could not feasibly take place without waiver of informed consent.  The laboratory provides cytogenomic array testing to a large volume of patients (about xxx in [previous year]). The laboratory is not always provided with patients’ personal contact information. Because of this, it would not be feasible to contact each patient and obtain a traditional signed informed consent form prior to participation.  


Possible Recontact for Research:	Comment by Erin Riggs: Optional.  Feel free to include or remove based on your laboratory’s intent to participate in recontact through the ordering physician.
The primary purpose of ClinGen is to improve clinical care by providing a resource to laboratories and clinicians to improve cytogenomic array testing, genetic counseling, and patient care management.  After reviewing available information in ClinVar, researchers may learn that this clinical testing laboratory has performed testing on individuals that may be appropriate for their research.  For example, researchers interested in a particular CNV may search ClinVar for that CNV, and see that it has been reported by Lab A, Lab B, and Lab C a total of X number of times.   Researchers may request that the patients tested by these laboratories be informed of their specific research project and have the opportunity to participate.  Separate IRB-approval at the researcher’s institution would be required.  If this approval is granted, the researcher would be allowed to contact each laboratory to make this request.  Each laboratory would determine if this request is reasonable and appropriate and could decide to contact the ordering physician to discuss.  The ordering physician would also then determine if this request seems reasonable and appropriate and could decide to pass on the researcher’s contact information to the patient.  The patient would then be able to contact the researcher directly if he or she is interested in participating or to obtain additional information about the study.  Full informed consent would be obtained for such studies by the research team, independently.  At no time will any researchers have access to patient or ordering physician contact information.  This model provides two additional opportunities (the laboratory and the physician) to screen the research protocol proposed and to determine if it is appropriate to share with a patient or family.  Researchers will not be permitted to request DNA or other specimen retained in the laboratory after clinical testing is completed for any patient.  

References

[bookmark: _ENREF_1]1.	Manning, M. & Hudgins, L. Array-based technology and recommendations for utilization in medical genetics practice for detection of chromosomal abnormalities. Genet Med 12, 742-5 (2010).
[bookmark: _ENREF_2]2.	Rehm, H.L. et al. ClinGen--the Clinical Genome Resource. N Engl J Med 372, 2235-42 (2015).
[bookmark: _ENREF_3]3.	Sebat, J. et al. Large-scale copy number polymorphism in the human genome. Science 305, 525-8 (2004).
[bookmark: _ENREF_4]4.	Iafrate, A.J. et al. Detection of large-scale variation in the human genome. Nat Genet 36, 949-51 (2004).
[bookmark: _ENREF_5]5.	Pennisi, E. Breakthrough of the year. Human genetic variation. Science 318, 1842-3 (2007).
[bookmark: _ENREF_6]6.	Sebat, J. et al. Strong association of de novo copy number mutations with autism. Science 316, 445-9 (2007).
[bookmark: _ENREF_7]7.	Cook, E.H., Jr. & Scherer, S.W. Copy-number variations associated with neuropsychiatric conditions. Nature 455, 919-23 (2008).
[bookmark: _ENREF_8]8.	Baldwin, E.L. et al. Enhanced detection of clinically relevant genomic imbalances using a targeted plus whole genome oligonucleotide microarray. Genet Med 10, 415-29 (2008).
[bookmark: _ENREF_9]9.	Itsara, A. et al. Population analysis of large copy number variants and hotspots of human genetic disease. Am J Hum Genet 84, 148-61 (2009).
[bookmark: _ENREF_10]10.	Robinson, P.N. et al. The Human Phenotype Ontology: a tool for annotating and analyzing human hereditary disease. Am J Hum Genet 83, 610-5 (2008).


