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Objectives

• Review current practices and policies relating to genetic 

data sharing and case reanalysis/variant reevaluation in 

clinical laboratories

• Compare and contrast reanalysis/reevaluation processes 

for common genomic tests, including next generation 

sequencing and chromosomal microarray

• Describe key aspects of data sharing and reevaluation 

process implementation through retrospective data 

review and case presentations
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Why Share (and Re-Evaluate) Clinical Genetic Data? 

• 5000-7000 rare genetic diseases exist, each with variable frequency 

and many with considerable clinical variability

• Genetic heterogeneity: multiple disease-causing genes/variants (and 

background genomic variation) alter clinical presentation, outcomes
Source: ACMG, Genet. Med, 2017

Modified from: Bradbury (2016) CFTR and Cystic Fibrosis: A Need for Personalized Medicine

Protein/ 

cellular 

function

Example: Diverse allelic variants in cystic fibrosis guide therapies
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Increasing Demands on Clinical Genetics Laboratories

NIH
Genomic Data 

Sharing Policy

ACMG

Position 

Statement on 

Genomic Data 

Sharing
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➢ Extensive sharing of laboratory and clinical data from individuals who 

have undergone genomic testing will provide the robust information 

necessary to improve clinical care and empower device and drug 

manufacturers developing tests and treatments for patients



Increasing Demands on Clinical Genetics Laboratories

NIH
Genomic Data 

Sharing Policy

ACMG

Position 

Statement on 

Genomic Data 

Sharing

FDA

Guidance on 

Use of Genetic 

Databases in  

Regulatory 

Review

ClinGen/

ClinVar

Points to Consider: 

Sharing Variant-Level

Information with 

ClinVar
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➢ Outlined mechanisms for responsible 

sharing of genomic variant and 

phenotype data in the public space 

➢ Data repositories can serve as 

sources of valid scientific evidence 

to support the clinical validity of 

genotype-phenotype relationships, 

highlighting the importance of data 

sharing and expert-level review to 

guide future test development



Increasing Demands on Clinical Genetics Laboratories

ACMG 

Lab QA

Points to Consider: 

Reevaluation and 

Reanalysis of

Genomic Test 

Results

ASHG

Responsibility 

to Recontact

Research 

Participants 

Points to 

Consider: Patient 

Re-contact after 

Revision of 

Genomic Test 

Results

ACMG Social 

Ethical Legal
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➢ Laboratories share a responsibility to 

inform clinicians of variant 

reclassification or discovery of a new 

gene–disease relationship

➢ Clinical laboratories should have 

reanalysis policies and protocols that 

keep pace with resources used in 

routine/live case/variant review

➢ Responsibilities apply also the 

individuals tested in the research 

setting



• Improved genetic variant classification within and across laboratories

– Identify classification differences, work towards consensus

– Prioritize variants for re-evaluation, update clinicians/patients 

– Standardized nomenclature/descriptions of variants and conditions, 

classifications/terms for clinical significance

• Compliance with evolving regulatory and medical standards 

• Strategic business positioning: preferential ordering from laboratories 

that share data, selective reimbursement from payers

Source: clinicalgenome.org/docs/benefits-of-sharing-variant-

classifications-and-evidence-with-clinvar/ 
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Updated example from Landrum et al., Nucleic Acids Research, 2020
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Benefit: Resolving Inter-laboratory Classification Differences 

Harrison et al., Genet. Med. 2017 

Cardiovascular Hereditary Cancer

Sequence Variants
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Riggs et al., Hum. Mutat. 2018 

Copy Number Variants

• Similarly overlapping CNVs

• CNVs overlapping dosage sensitive genes



Source: clinicalgenome.org/tools/clinical-lab-data-sharing-list/ (Accessed 9/6/20, modified)
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➢ Open and transparent data sharing allows peer-

review and knowledge dissemination to ensure 

the highest quality care of patients

https://clinicalgenome.org/tools/clinical-lab-data-sharing-list/


Practical Challenges

• How to share data: determining which data to share (test type, 

variant-level vs. case-level), developing consent/opt-out policies 

• Data management: ensuring data security, storing and migrating 

data, ensuring compatibility/interoperability across different 

databases/systems

• How to reevaluate/reanalyze: determining which data to re-review 

(test type, variant-level vs. case-level), developing reclassification 

processes and policies (clinician/patient vs. public database vs. 

laboratory-initiated), communicating updated information to 

clinicians/patients, prioritization of result updating

• Resource availability: current vs. retrospective review, manual vs. 

automated processes, time/financial costs; inadequate 

reimbursement for reevaluation/reanalysis
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Perspectives and Experiences from 

the Molecular Laboratory
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ARUP’s Data Sharing and Reevaluation/Reanalysis Practices

Technique
Databases

Shared

Reevaluation/Reanalysis Performed

Clinician-initiated
Public Database-

Initiated
Lab-Initiated

Targeted Variant N/A No Yes Yes

Single Gene
ClinVar, Locus-

Specific
Yes Yes Yes

Gene Panel ClinVar Yes Yes Yes

Whole Exome
ClinVar, 

GeneMatcher*
Yes Yes Yes

*Controlled access database
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Limit of detection

Average limit of detection

Genome sequencing ~20 – 30%

Exome sequencing ~20 – 30%

NGS-based gene panels 5 – 10%

Sanger sequencing 20%

Single mutation assay <10%

Farewell, et al. Genetics in Medicine 2015

Assay type
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Why Clinicians order diagnostic exome sequencing

• Rare Disease Facts:

– 7,000 identified rare diseases

– 25-30M Americans are affected with a rare disease

– Up to 25% of pediatric in-patient admissions are attributable to these 

diseases

– 80% are genetic in origin with limited diagnostic testing options. 

• The Road to Diagnosis:

– 5-7 years searching for a proper diagnosis

– Up to 8 physician consults searching for a proper diagnosis 

– 2-3 misdiagnoses prior to proper diagnosis

Iglesia et al. Genetics in Medicine 2014 and Ng et al. Nature Genetics 2009
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Exome sequencing 

• Capture all the exons from all 20,000 genes

• Sequence all in parallel

• Get a complete sequence read-out of all the exons in the genome

DNA isolation, fragmentation Sequence capture Clonal amplification

SequencingAlignment
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Exome results dependent on current knowledge

Phenotypic spectrum 

Gene-disease 

relationships  

Alteration 

Pathogenicity

Overall Results Category
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What we know about genes that are associated 

with disease

20,000 human genesEssential Genes Non-Disease Genes
Disease Genes

~10,000-15,000

Cooper, et al. Hum Mutat 2010

19



What is left to discover? 

Disease Genes
~10,000-15,000

Genes currently known 

to underlie disease 

~4,000

Genes NOT currently 

known to underlie 

disease #TBD

Clinical validity: Strength of evidence 

associating pathogenic variants in a gene to 

genetic diseases or syndrome
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What is left to discover? 

Characterized Uncharacterized 

Candidates

Clinical validity: Strength of evidence 

associating pathogenic variants in a gene to 

genetic diseases or syndrome
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Increasing evidence allows disease-genes to 

be characterized

Characterized Uncharacterized 

Candidates

Increasing evidence over time leads to 

higher Clinical Validity 
• Published patients and pathogenic variants

• Functional evidence

• Model system evidence
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Building a genomic knowledge base

to improve patient care

Improved Patient Care through 

Genomic Medicine

Is this gene 

associated with a 

disease? 
Clinical Validity

Is this variant 

causative?

Pathogenicity

Is this 

information 

actionable?   
Clinical Utility

Clinicians Laboratories Researchers

Sharing Genetic and Health Data

Clinical Critical Questions 

Building a Genomic Knowledge Base
ClinVar, ClinGen and other resources 

Patients
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Genomics data sharing resources
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Exome Reanalysis dependent on new information

Phenotypic spectrum 

Gene-disease 

relationships  

Alteration 

Pathogenicity

Overall Results Category

Clinical Validity
• Published patients

• Model system

• Functional studies

Phenotype expansion
• As more patients 

sequenced and published, 

more aspects of the 

phenotype are discovered

Variant reclassification
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Example of phenotype expansion

Exome case 1: 

• 4-year-old Caucasian male

• Congenital anomalies including severe lacrimal stenosis, laryngeal 

web, stenosis of external auditory meatus with conductive hearing 

loss, and bilateral cataracts

• Teeth problem, slow hair growth, nasal hypoplasia, 

underdevelopment of tissue around base of thumb

26



Example of phenotype expansion

Exome sequencing: 

Gen Effect Variant Info Variant Classification

TSPEAR Coding silent c.1566G>A

p.Pro522=

HGMD HIT, reduced 

splicing.

VUS

TSPEAR Nonsense c.589C>T

p.Arg197Ter

Early termination LP

TSPEAR c.1566G>A p.Pro522=

Reduced splicing 

GT AG

Exon 9 Exon 10

AG
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Example of phenotype expansion
TSPEAR
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Example of gene-disease relationships 

• 8 yo Hispanic boy

• Neurologic: severe global DD, chorea, intractable seizure 

• Brain MRI: bilateral perisylvian cortical dysplasia, nodular heterotopia

• Dysmorphic features: microcephaly, wide-spaced eyes, downturned corners of the 
mouth, U-shaped contour to the mouth with micrognathia

• Skeletal: hip dysplasia

• EEG: hypsarrhythmia

• GI: dysphagia, constipation

• Family History: No

• Proband ONLY

Exome case 2:
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Gene Transcript Type Zygosity
DNA 

alteration

Protein 

alteration
Inheritance mode Human disease Classification

CSTB NM_000100 nonsense het c.C136T p.Q46X Autosomal recessive
Progressive myoclonic 

epilepsy 1A 
Pathogenic

POLR3B NM_018082 missense het c.G2158A p.V720I Autosomal recessive
Hypomyelinating

leukodystrophy-8
VUS

GRID2 NM_001510 missense het c.A101G p.D34G Autosomal recessive Spinocerebellar ataxia- 18 VUS

STARD9

NM_020759 missense het c.G986A p.R329Q

Autosomal recessive Unknown 

VUS

NM_020759 missense het c.C6955T p.R2319W VUS

TIMM17B NM_001167947 missense hemi c.G304A p.A102T X-linked Unknown VUS

Example of gene-disease relationships 

• No strong candidate gene/variant identified

• Some variants to discuss

Negative exome:
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Gene Transcript Type Zygosity
DNA 

alteration

Protein 

alteration
Inheritance mode Human disease Classification

STARD9

NM_020759 missense het c.G986A p.R329Q
Autosomal 

recessive

Okamoto et al 

2017 (PMID 

28777490) 

VUS

NM_020759 missense het c.C6955T p.R2319W VUS

Exome reanalysis, compound Heterozygous Variants in STARD9

• STARD9 gene encodes a protein that belongs to the kinesin-3 family. It associates 

with mitotic microtubules and regulates spindle pole assembly (Torres et al., 2011). 

• Okamoto, et al., 2017 (PMID 28777490, Epub ahead of print on Aug 4, 2017) 

identified a homozygous pathogenic frame-shift variant in the STARD9 gene via WES 

in one patient with severe intellectual disability, dysmorphic features, generalized 

tonic seizure, acquired microcephaly, cortical blindness, and sleep apnea. 

Example of gene-disease relationships 
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Clinical Report

6 yrs female

• Neurologic: Server DD, Seizure, little/no 

speech, cortical blindness, and sleep apnea 

• Dysmorphic features: microcephaly, 

sparse eyebrow, epicanthal fold,

• Muscle: hypotonia, deep tendon reflexes 

were absent  

• Growth parameters: height 99cm (-4.0SD), 

weight 11.7kg ( -2.8SD), OFC47.0cm (-

2.2SD)

• GI: poor feeding

• MRI: No structural abnormalities

Mutation: homozygous of c.1176odelC, p.L3920fs in STARD9
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Abnormal spindle morphology
Increased number of centrosomes 

and fragmentation

Okamoto et al.  2017

Abnormal Spindle Morphology and Increase # of 

Centrosomes 
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Prometaphase
Recently divided

daughter cells

C
E

P
1
9
2

T
u
b
u
lin

D
N

A

Research Collaboration with Huntsman Cancer Institute

1) Initial antibody test on 

adherent HeLa cells (no 

smear gel) – CEP192 

antibody works nicely

C
E

P
1
9
2

T
u
b
u
lin

D
N

A

PrometaphaseMetaphase

2) Optimized conditions using 

trypsinized HeLa cells (to mimic 

suspension cells) in smear gel:

Drs. Katherine Ullman and Dollie LaJoie
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There is obvious value in reanalysis of exome data 

• Exome reanalysis is a routine clinical labs practice

• O’Daniel, 2017: “The majority of laboratories indicated that they had 

reanalyzed case-specific data to provide an updated report at least 

once (11 of 12 clinical labs). The instances were rare, however, with 

7 of 12 labs indicating that reanalysis rarely or never occurred. Only 

one clinical laboratory routinely reanalyzed every case. When 

reanalysis was performed, roughly half used the existing variant call 

format (VCF) file and a half performed new alignment and variant 

calling. Of the clinical laboratories, six indicated reanalysis would be 

free of charge, five charge a fee, and one was still developing its 

policy.”

35



ARUP exome reanalysis 

• By physician request, 

free of charge  

• Systematic reanalysis of 

clinical exomes yield of 

additional diagnosis of 

10-15% 

Raw FASTQ files run through 

updated pipeline

Variant calling and filtering with current 

knowledge and population frequency 

Clinical/medical review of phenotype 

updates and variants pathogenicity  

Reanalysis report including new 

relevant findings, variants 

reclassification communicate to clinician
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Example of pipeline improvement and 

variant reclassification

• 1 year old Caucasian/Native American/French Canadian male

• Severe DD, poor growth, microcephaly, hypotonia, cataracts, 

nystagmus, sensorineural hearing loss, dysmorphic facial features

• Exome sequencing trio was performed in 2015

Exome case 3:
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Example of pipeline improvement and variant reclassification

Exome sequencing identified one variant in ERCC6

Gen Effect Variant Info Inheritance

Variant 

Classification

ERCC6 Nonsense c.2569T>C, p.Arg857X Early termination Paternal 

Likely 

Pathogenic

ERCC6 pathogenic variants cause Cockayne syndrome, type B 

(OMIM#133540 ), autosomal recessive.  Affected patients with Cockayne

syndrome can have a severe congenital phenotype that includes failure to 

thrive, severe developmental delay, congenital cataracts, sensorineural hearing 

loss, distinctive face with small deep-set eyes and prominent nasal bridge, 

kyphosis, and cachectic dwarfism. 

Only one pathogenic variant detected. 
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Exome reanalysis requested for recurrence risk

I.1 I.2

II.1 II.2
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c.3607_3608ins26, p.Lys1203fs

Proband

Mother

Father

A second pathogenic variant of c.3607_3608ins26 detected in ERCC6
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A second pathogenic variant of c.3607_3608ins26 detected in ERCC6

This variant introduces an early termination codon in exon 

18 of 21 and is predicted to result in a truncated or absent 

protein  
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A second pathogenic variant of c.3607_3608ins26 detected in ERCC6

In ClinVar, this variant has been submitted by multiple clinical 

laboratories and classified as Pathogenic/Likely Pathogenic
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Reclassify the exome report-positive

Gen Effect Variant Info Inheritance

Variant 

Classification

ERCC6 Nonsense c.2569T>C, p.Arg857X Early termination Paternal Pathogenic

ERCC6 Frameshift 

c.3607_3608ins26, 

p.Lys1203fs Early termination Maternal Pathogenic

Confirmed two ERCC6 pathogenic variants detected and Cockayne

syndrome, type B (OMIM#133540).

Prenatal diagnosis is available for current pregnancy 

43



Challenges for exome reanalysis

• Cost of reanalysis estimated at 38% relative to the initial analysis, 

review and reporting

• Difficult to follow-up and request exome reanalysis if patient has 

moved around or changed healthcare providers 

• How this would affect follow-up appointments?
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Variant submissions to ClinVar

• ARUP Molecular Genetics and Genomics Laboratories 

– 10,387 sequence variants

– Individual case

– Variant curation following ACMG Variant Interpretation Guidelines

• Assertion criteria: 
submit.ncbi.nlm.nih.gov/ft/byid/jucit10y/arup_molecular_germline_variant_investig
ation_process.pdf

– Variants have been submitted twice a year, and re-evaluated in six months

• Research and Development (ARUP Laboratories)

– 1676 sequence variants

– Publication review and evidence based curation

– Variants have been reviewed every year

– Twelve disease specific variant databases 
https://arup.utah.edu/database/index.php

45

https://arup.utah.edu/database/index.php


Perspectives and Experiences from 

the Cytogenetics Laboratory

46
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ARUP’s Data Sharing and Reevaluation/Reanalysis Practices

Technique
Databases

Shared

Reevaluation/Reanalysis Performed

Clinician-initiated
Public Database-

Initiated
Lab-Initiated

Targeted Variant N/A No Yes Yes

Single Gene
ClinVar, Locus-

Specific
Yes Yes Yes

Gene Panel ClinVar Yes Yes Yes

Whole Exome
ClinVar, 

GeneMatcher*
Yes Yes Yes

Genomic Microarray 

(CNVs)
ClinVar, CAGdb*

Yes 

(increasingly)
Yes Yes

*Controlled access database
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Variant submissions to ClinVar

• ARUP Genomic Microarray Laboratory

– 1915 copy number variants submitted (postnatal constitutional)

– Variant-level information (phenotype)

– IRB approval (consent: opt-out mechanism)

– Variant classification following ACMG CNV Interpretation 

Guidelines

• Assertion criteria: 

aruplab.com/files/resources/genetics/ARUP%20Cytogenomic

%20Constitutional%20CNV%20Assertion%20Criteria_final.pdf 

• In process: Implement updated numerical-based CNV-scoring 

system (Riggs et al., 2019 Genet. Med)
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CNV Reevaluations (Clinician-Initiated, Past 2 years)

• How frequent?

– Requests are increasing recently 
(several per quarter) compared to 
historically (handful per year)

➢Developed a process to 
manage, tracking requests for 
resource management

➢ Lessons learned: good record 
keeping/databasing is essential  

➢ Expect case-level requests as 
exome/genome CNV calling is 
implemented broadly

49
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CNV Reevaluations (Clinician-Initiated, Past 2 years)

• Who asks? Clients/clinicians vary

• How soon? Avg. time-frame = 3.4 years 

(range: 0.5-9 years)

• Why? Majority VUS, to manage clinical 

follow-up

➢ Utilization is broad, appropriate

• Which reports are updated?

– Any upgrade to likely 

pathogenic/pathogenic

– Any downgrade to likely benign/benign

50

n=27

Changes to CNV Classification

No Change

↑

↑



CNV Reevaluations (ClinVar / Internally-Initiated)

Riggs et al., Hum Mutat. 2018
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Method: Haploinsufficient (HI) Gene Overlap

➢ ~4000 CNVs 

➢ 24 deletions flagged, reevaluated

➢ 13 updated reports



CNV Case 1: VUS to Pathogenic Reclassification

• 10 y/o male (age 13 at reevaluation), with indication: unspecified 
intellectual disability 

• 2q36.3q37.1 loss involving 13 protein-coding genes including TRIP12, 
now a curated HI gene

– TRIP12 HI: autosomal dominant intellectual disability, behavioral 

anomalies, additional clinical findings in some patients

• Inheritance unknown (not maternal; unaffected), unaffected sibling 
negative

• Pediatrician contacted upon reclassification, discussed updated clinical 
significance

• Benefits:

– Patient now qualifies to receive services

– Family members can be counseled about their reproductive risks 
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CNV Case 2: VUS to Pathogenic Reclassification

• Newborn male (age 6 at reevaluation), presenting with minor 
dysmorphic features

• 1p36.11p35.3 loss involving 14 protein-coding genes, including AHDC1, 
now a curated HI gene

– AHDC1 LOF: Xia-Gibbs syndrome: DD, ID, hypotonia, sleep abnormalities, 
seizures, other variable findings

• Contacted clinician and obtained additional clinical history

– Patient now has features of Xia-Gibbs (usually de novo-but recommended 
parental testing for reproductive counseling)

• Benefits:

– Ends diagnostic odyssey for patient/family

– Improved medical management, genetic counseling for family 
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CNV Case 3: No reclassification from VUS

10 y/o female with dysmorphic features
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CNV Reevaluations (ClinVar / Internally-Initiated)

– Encountered multiple times 

– >99% overlap & >99% similarity in size 

– Discordant classifications
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Example: 2p21 duplication: LP/VUS to LB/B 

Method: “Close-Match” and Recurrent CNVs



Summary

• Clinical laboratories are now increasingly called upon to share 

genetic testing data, as well as reevaluate results from previously 

performed tests for hereditary conditions

• These efforts create unique opportunities and challenges during the 

diagnostic workup for new and previously tested patients, but 

ultimately help patients with rare genetic disorders end their 

diagnostic odyssey and improve their clinical care through 

personalized medicine 

• Clinical laboratories should stay up-to-date on recent and emerging 

recommendations and policies surrounding genetic data sharing and 

variant reevaluation, and work to proactively implement these 

practices in a responsible, practical, and forward-thinking manner
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