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ABSTRACT
Genomic technologies have transformed clinical genetic 
testing, underlining the importance of accurate molecular 
genetic diagnoses. Variant classification, ranging 
from benign to pathogenic, is fundamental to these 
tests. However, variant reclassification, the process of 
reassigning the pathogenicity of variants over time, poses 
challenges to diagnostic legitimacy. This review explores 
the medical and scientific literature available on variant 
reclassification, focusing on its clinical implications.
Variant reclassification is driven by accruing evidence 
from diverse sources, leading to variant reclassification 
frequency ranging from 3.6% to 58.8%. Recent studies 
have shown that significant changes can occur when 
reviewing variant classifications within 1 year after 
initial classification, illustrating the importance of early, 
accurate variant assignation for clinical care.
Variants of uncertain significance (VUS) are particularly 
problematic. They lack clear categorisation but have 
influenced patient treatment despite recommendations 
against it. Addressing VUS reclassification is essential 
to enhance the credibility of genetic testing and the 
clinical impact. Factors affecting reclassification include 
standardised guidelines, clinical phenotype- genotype 
correlations through deep phenotyping and ancestry 
studies, large- scale databases and bioinformatics tools. 
As genomic databases grow and knowledge advances, 
reclassification rates are expected to change, reducing 
discordance in future classifications.
Variant reclassification affects patient diagnosis, 
precision therapy and family screening. The exact patient 
impact is yet unknown. Understanding influencing 
factors and adopting standardised guidelines are vital for 
precise molecular genetic diagnoses, ensuring optimal 
patient care and minimising clinical risk.

INTRODUCTION
The importance of accurate molecular genetic diag-
noses for patients has been emphasised in light of 
the expansive range of genomic technologies avail-
able to clinicians and increasingly used genetic tests 
for clinical diagnosis. The Genetic Testing Registry 
records 74 313 genetic tests for 24 204 conditions, 
spanning coverage of 18 726 genes (https://www. 
ncbi.nlm.nih.gov/gtr/ accessed 14 January 2024). 
The most widely adopted system for sequence 
variant classification remains the 2015 guidelines 
published by the American College of Medical 
Genetics (ACMG) and the Association for Molec-
ular Pathology (AMP).1 Genetic variants that are 
uncovered during genetic testing are largely clas-
sified on a continuum from benign, likely benign, 
uncertain significance, likely pathogenic and patho-
genic. As proposed by the 2015 ACMG/AMP 
guidelines, genetic variants should be classified as 
benign or likely benign variants if they are unlikely 

to be associated with disease (>90% certainty of 
not being associated with a disease); variants of 
uncertain significance (VUS) do not have enough 
evidence to be or classified as likely pathogenic/
pathogenic or likely benign/benign; and genetic 
variants should be classified as pathogenic or likely 
pathogenic if they are considered to be disease 
causing (>90% certainty of being associated with 
a disease).1

Variant classification is the process of gathering 
information in the variant assessment phase of anal-
ysis. Information for classifying a variant is derived 
from population data, computational data, func-
tional data, segregation data, disease databases and 
the medical and scientific literature.1 The limita-
tions of the current variant classification guidelines 
are recognised in the 2015 ACMG/AMP guide-
lines, with the authors stating, ‘variant analysis is at 
present imperfect and the variant category reported 
does not imply 100% certainty’.1

Variant reclassification is the process of reas-
signing the pathogenicity of variants over time. As 
genomic knowledge evolves and information for 
classifying a variant accrues, any variant that has 
been previously classified can be reclassified from 
one category to another (benign, likely benign, 
VUS, likely pathogenic, pathogenic). Variant reclas-
sification is an idiosyncrasy of genomic medicine 
that represents an evolving body of literature.

With the mainstreaming of genetic testing and 
increasing use of next generation sequencing (NGS) 
for clinical diagnosis, variant reclassification is 
becoming a timely issue within clinical genetics. We 
aim to review the published medical literature to 
date that examines variant reclassification. Struc-
tural genome variants are also identified in clinical 
genetic testing, but their classification over time 
is outside the scope of this review. We reviewed 
the literature that describes gene sequence variant 
reclassification. A thorough PubMed search was 
performed using the Medical Subject Headings 
terms (“variant” AND “reclassification”) returning 
358 results (accessed 29 June 2023). Abstracts were 
screened for variant reclassification with clinical 
implications published between January 2015 and 
June 2023 which resulted in 18 abstracts being 
chosen for the review to create a table summary 
of sequence variant reclassification literature (see 
online supplemental table).

VARIANT RECLASSIFICATION
Variant reclassification is based on an accumulation 
of information—from functional studies, in silico 
models, case reports, familial segregation studies—
between first variant classification and later reclas-
sification. Variant reclassification rates are not 
insubstantial ranging divergently from 3.6%2 to 
58.8%3 in the current published literature when 
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assigned variants have been examined under different conditions 
and for different causes.

Another important focus in the variant reclassification litera-
ture is the interval between variant classification and reclassifi-
cation. An incremental rate of variant reclassification over time 
passed since initial classification has been demonstrated.4 This 
may be suggestive of accruing information to test a previously 
identified variant against. Most conservative sources suggest that 
variant reclassification occurs within 2 years of initial classifi-
cation.5 However, retrospective studies within cancer genetics 
have reported time to variant reclassification that occurs <1 year 
after initial variant classification.6–8

Any variant, from benign to pathogenic, can be reclassified, 
although the reclassification of VUS to either benign or pathogenic 
category is a current imperative of genomic medicine to increase 
clinical impact of genetic testing. VUS are increasingly reported 
with widespread use of NGS, even outnumbering the reporting of 
clinically actionable variants (likely pathogenic/pathogenic) where 
gene panels are used to investigate clinical phenotypes.9 The 2015 
ACMG/AMP guidelines state explicitly that a VUS should not be 
used in clinical decision- making, and recommend clinical inves-
tigation and correlation to aid in classification of the variant to 
likely pathogenic/pathogenic or likely benign/benign.1 Although, 
in practice, this does not always hold true and some studies 
demonstrate that patients and clinicians will pursue treatment, 
including surgical treatment, based on a VUS result.10

Current recommendations to ameliorate clinical risk attendant 
with variant reclassification is that previously designated variants 
are routinely and consistently revisited to assess whether new 
information would prompt a reclassification of the variant.11 12 
Variant reclassification has significant clinical implications within 
the practice of clinical genetics as reclassification can undermine 
the validity of diagnostic genetic testing at any point in a patient 
journey.

FACTORS ASSOCIATED WITH VARIANT RECLASSIFICATION
There is no gold standard test for pathogenicity when classifying 
(and reclassifying) a sequence variant. As such, scientists and 
clinicians rely on a range of resources to contribute evidence 
to an assessment of probability that a variant will fall within a 
certain category in relation to a specific disease. Some of the 
distinct considerations required for variant reclassification will 
be discussed below.

Standardised guidelines
Standardised guidelines improve variant classification across a 
wide range of literature.13–15 This evidence is important to rein-
force the need for universal implementation of standardised 
guidelines. The most widely used guidelines for variant clas-
sification are the 2015 ACMG/AMP guidelines16 but these 
are voluntarily adopted guidelines and not enforced. Variant 
reclassification is documented to be reduced for variants clas-
sified after 2016 compared with variants classified within the 
same laboratory before 2016,17 which may be in part due to the 
release of the 2015 ACMG/AMP guidelines.

Older classifications are often discordant between individual 
laboratories, compared with recent classifications likely due to 
the application of the 2015 ACMG/AMP guidelines.18 Discor-
dant classifications of variants between laboratories may pose as 
a predictor for later variant reclassification.

Segregation analysis
Family studies are identified in the 2015 ACMG/AMP guide-
lines as tools for aiding variant classification and reclassification, 

especially for de novo conditions, for identifying the phase of 
variants in recessive conditions, or for identifying variants within 
a family that co- segregate with disease.1 Accumulation of clinical 
phenotype- genotype correlation within a family for familial vari-
ants is known to help in reclassification of VUS.19 20

Clinical presentation
Concordance in variant classification and reclassification are 
different between clinical phenotypes. Concordance in variant 
classification in patients with cancer are higher than those in 
cardiac presentations.18 Different fields are represented dispro-
portionately in studies relating to genetic variant reclassification 
which likely contributes to a weight of evidence that can support 
phenotype- specific variant classification.

Ancestry
Ancestry has a role to play in variant reclassification.21 22 Non- 
European ancestry has been directly correlated with the higher 
prevalence of VUS in and age- matched and sex- matched popu-
lation with European ancestry.23 Efforts are being made to 
sequence genomes from under- represented populations in order 
to make genomic testing more comprehensive.24–27

Databases
The development of large- scale public databases has somewhat 
lessened the complexity involved in classifying rare variants.28 29 
It has been proven that using publicly accessible variant databases 
improves variant classification in rare disease.30 31 Increased 
transparency and knowledge sharing enforces reproducibility of 
variant classification procedures across laboratories and clinical 
sites. Publicly available, open access databases are instrumental 
in streamlining reproducible genetic variant classification.32 
Increasing information available from databases is currently used 
to good effect in variant reclassification.33

Bioinformatics
Bioinformatics tools are increasingly used in genomics that 
further variant reclassification by providing in silico tools to test 
pathogenicity of a genetic variant against. Popular software tools 
include MutationAssessor, MutationTaster, PolyPhen among 
others.34–37 Variant reclassification has been shown to rise in 
direct proportion to the introduction of updated software tools 
for variant analysis.4

Genome reanalysis
Genome reanalysis uses improved sequencing techniques,38 
updated bioinformatics pipelines38–40 including in silico predic-
tion models,34 functional studies41–44 and statistical models45 
in combination with updated variant classification guidelines 
to identify genomic variants that could be relevant to disease 
phenotypes. Improved classification of variants at the point of 
reanalysis using these methods results in reclassification of vari-
ants that were previously classified as VUS. Genome reanalysis 
therefore has a role in reclassification of variants that were previ-
ously identified on genomic testing.

Interval reanalysis of genomic tests which leads to variant 
reclassification has been shown to significantly increase clinically 
significant classification of variants.39 46 47 Just over 70% of total 
variants in one study were reclassified after genome reanalysis.39 
Molecular diagnostic yield is thought to increase by ~10% with 
genome reanalysis.47 These studies add clinically impactful infor-
mation to the variant reclassification literature as an indirect 
outcome of their results.
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ETHICS AND LAW
There is little published work about the ethical duty that care-
givers have towards patients receiving news of variant reclassi-
fication. Variant classification and reclassification does not fall 
either under medical negligence or malpractice as reclassification 
does not represent a breach of duty between a patient and a 
caregiver.48 49

Who is responsible?
The current published literature does not agree on whether the 
physician has a duty of care to recontact a patient in the case 
of variant reclassification.50 In practice, laboratory processes 
do not include detailed operating procedures for data reanal-
ysis that may lead to reclassification, but will provide an ad 
hoc service performing data reanalysis on request.51 Similarly, 
physicians have no standard operating procedure for how to 
follow- up genetic test but will variably request further analysis 
to aid reclassification of test results if prompted.52 53

Early guidelines conferred responsibility of informing patients 
of updated sequence variants to the performing laboratory.54 
The most recent policy statement from the ACMG states that, 
‘recontact is fundamentally a shared responsibility among the 
ordering healthcare provided, the clinical testing laboratory and 
the patient’.55 Present policy recommendations from the Euro-
pean Society of Human Genetics also state that recontacting 
should be a shared process between the patient, clinician and 
laboratory.12 The continued development of such guidelines to 
address variant reclassification is important and would require 
multidisciplinary input from a wide range of professionals and 
societies.

More recent practicable recommendations emphasise the 
importance of continued genetic counselling within clinical 
genetics services in order to keep up to date with variant reclas-
sification.56 Traditionally, clinical genetics services have been 
organised so as not to follow patients up once a diagnosis was 
concluded. New recommendations would represent a shift in the 
paradigm of clinical genetics services from single point of service 
visit to ongoing caregivers.

Patient impact
At the fore of considerations in variant reclassification are 
the individuals and families who are impacted by uncertainty 
when faced with variant reclassification. Medically, the change 
in variant classification is impactful as it can change medical 
management of patients. This is important where genetic testing 
is used for predictive as well as diagnostic causes.

There is conflicting evidence in the literature that patients will 
experience either a favourable response to variant reclassification 
(relief, happiness)57 58 or will report overwhelmingly negative 
feelings on receiving news of variant reclassification (uncer-
tainty, concern, distrust, confusion, misunderstanding).58 59 
Importantly, patient understanding of variant reclassification is 
often incomplete.57 60 Careful counselling is required in these 
instances. Patient experience of variant reclassification is yet to 
be fully captured in the published literature.

DISCUSSION
There is new evidence that variant reclassification can occur 
within 1 year of initial classification. Sources that report a time 
to reclassification of <1 year state confounding factors influ-
encing reported time to reclassification, such as data collection 
bias favouring shorter time to reclassification for variants that 
were recently detected.6 8 Most recent reports, including those 

that report a time to reclassification <1 year, agree that variant 
reclassification assessment should be carried out at minimum 2 
years after initial classification.5–7 If a molecular diagnosis is not 
concluded within 2 years of initial genetic testing, variant reclas-
sification attempts are recommended by some authors before 
further genetic testing is initiated.5

Standardised guidelines play a crucial role in variant reclas-
sification across a wide range of literature. Standardised 
methods of variant classification are evident in the published 
literature with most groups applying the 2015 ACMG/AMP 
guidelines for variant reclassification. Adoption of the 2015 
ACMG/AMP guidelines contributes to reduced discordance 
and aids in more consistent variant classification.61 Variability 
between individual classifiers may also be reduced by the 
introduction of stringent protocols and competency assess-
ments within labs.

Phenotype- specific modifications to the 2015 ACMG/AMP 
guidelines have been made by expert groups that improve 
concordance in variant classification across individual labs and 
clinical centres.13 62 Important factors influencing reclassifica-
tion are multifactorial, comprising clinical phenotype- genotype 
correlations, family studies, depth of phenotyping, population- 
specific databases, functional analyses, bioinformatics tools and 
databases of human genetic variation. Once a variant is reclassi-
fied, submitters to databases are encouraged to update the clas-
sification of the variant within the database. The responsibility 
of updating databases with reclassification of a variant lies with 
the submitter but there is evidence in the literature that this is 
occurring.63

Variant reclassification appears to have a widely disparate 
patient impact affecting patient medical management in up to 
41.3%3 of patients where variants have been reclassified (see 
online supplemental table). Clinical management remained 
unchanged for patients who had pre- existing clinical diagnoses 
when VUS were reclassified into a benign/likely benign or patho-
genic/likely pathogenic category.19 64–66 Variant reclassification 
affects diagnosis and precision therapy, and can change medical 
surveillance recommendations for patients affected by variant 
reclassification.67

Variant reclassification is likely to result in reclassification of 
VUS to benign variants rather than increase diagnostic yield as it 
appears that VUS are more commonly reclassified as benign or 
likely benign than pathogenic or likely pathogenic.64 68–70 The 
downgrade in classification of VUS to benign or likely benign 
has been reported across disciplines examining different patient 
phenotypes. This trend of VUS reclassification may relieve some 
psychological impact experienced by unaffected patients.71

Not all studies provide a comprehensive overview of the 
direction of reclassification. Some sources report variants that 
have been reclassified more than once, suggesting there may be 
a cycle of reclassification that the clinician should be mindful 
of.6 17 72 Variants that are reclassified more than once are a docu-
mented phenomenon, but there are no known risk factors for 
this occurrence.

Notably, frequency of variant reclassification is variable 
ranging from 3.6%2 to 58.8%3 in the current published liter-
ature. The higher end of the frequency of variant reclassifica-
tion (58.8%) may be a relic of overclassifying rare variants in 
complex diseases as this study specifically examined previously 
identified variants in arrhythmogenic cardiomyopathy. Histor-
ically, clinical guidelines for variant interpretation were not 
robust in complex diseases, as in arrhythmogenic cardiopathy, 
and there is poor correlation between variant classification and 
disease pathogenesis.73
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The medical literature that covers variant reclassification 
focuses on variant reclassification frequency in geographical 
and disease- specific cohorts. Further investigation is needed to 
determine variant reclassification changes over time and identify 
timepoints and interventions that may signal a stabilisation of 
genetic variant reclassification. Although there are many known 
features associated with genetic variant reclassification, there 
are no current robust predictors of variant reclassification that 
could identify probability that a variant will be reclassified at 
the point of initial variant classification. Studies to identify VUS 
within certain phenotypes that are at increased probability of 
reclassification exist but these are not generally applicable across 
all variant reclassification.13 The ability to reclassify variants is 
often limited by the restricted operational capacity of labora-
tory staff to reassess variants. One study reports an average of 
105 min per variant required to perform analysis necessary for 
variant reclassification.74 Therefore, further research is needed 
to explore variant- specific features that may predict reclassifica-
tion outcomes.

Ethical considerations regarding recontacting patients after 
variant reclassification remain to be fully elucidated. Where the 
responsibility for recontacting patients and informing them of 
updated variant classifications lies is not well- defined. Clinical 
genetics services are evolving to address ongoing variant reanal-
ysis and patient follow- up. This change in diagnostic genetic 
testing stresses that continued genetic counselling within clinical 
genetics services is essential to stay up to date with variant reclas-
sification and ensure optimal patient care.

CONCLUSION
Variant reclassification is an uncertain science based on current 
evidence and standards, but it is improving. The clinical implica-
tions of reclassification are disparate: reclassification can enforce 
lifelong medical surveillance, prompt prophylactic surgical 
or medical treatment, lend information to precision medicine 
and prolong the time to diagnosis of patients living with a rare 
disease. Increasing understanding of the human genome in line 
with evolving genomic technologies will surely lend to more 
accurate variant classification soon, honing molecular diagnoses 
earlier during investigations. Until then, the phenomenon of 
variant reclassification may represent a shift in the paradigm 
of how clinical genetics services are provided with long- term 
follow- up of patients rather than point- of- service appointments.

Twitter Nicola Walsh @nicola_walsh12

Contributors NW wrote the review article as main author with the expert input of 
AD, AC and JJO’B. JJO’B is the senior author and is responsible for concept and study 
design.

Funding Mater Miserocordiae Research Account contributed funding towards the 
APC for this article.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Nicola Walsh http://orcid.org/0000-0002-0077-3973

REFERENCES
 1 Richards S, Aziz N, Bale S, et al. Standards and guidelines for the interpretation of 

sequence variants: A joint consensus recommendation of the American College of 
Medical Genetics and Genomics and the Association for Molecular Pathology. Genet 
Med 2015;17:405–24. 

 2 Macklin S, Durand N, Atwal P, et al. Observed frequency and challenges of variant 
reclassification in a hereditary cancer clinic. Genet Med 2018;20:346–50. 

 3 Costa S, Medeiros- Domingo A, Gasperetti A, et al. Impact of genetic variant 
reassessment on the diagnosis of arrhythmogenic right ventricular cardiomyopathy 
based on the 2010 task force critera. Circ Genomic Precis Med 2021;14:1.

 4 Esterling L, Wijayatunge R, Brown K, et al. Impact of a cancer gene 
variant reclassification program over a 20- year period. JCO Precis Oncol 
2020;4:PO.20.00020:944–54.:. 

 5 SoRelle JA, Thodeson DM, Arnold S, et al. Clinical utility of reinterpreting previously 
reported genomic epilepsy test results for pediatric patients. JAMA Pediatr 
2019;173:e182302e182302. 

 6 Makhnoon S, Levin B, Ensinger M, et al. A multicenter study of clinical impact of 
variant of uncertain significance reclassification in breast, ovarian and colorectal 
cancer susceptibility genes. Cancer Med 2023;12:2875–84. 

 7 Chiang J, Chia TH, Yuen J, et al. Impact of variant reclassification in cancer 
predisposition genes on clinical care. JCO Precis Oncol 2021;5:577–84. 

 8 Mersch J, Brown N, Pirzadeh- Miller S, et al. Prevalence of variant reclassification 
following hereditary cancer genetic testing. JAMA 2018;320:1266–74. 

 9 Cherny S, Olson R, Chiodo K, et al. Changes in genetic variant results over time in 
pediatric cardiomyopathy and electrophysiology. J Genet Couns 2021;30:229–36. 

 10 Murray ML, Cerrato F, Bennett RL, et al. Follow- up of carriers of BRCA1 and BRCA2 
variants of unknown significance: variant reclassification and surgical decisions. Genet 
Med 2011;13:998–1005. 

 11 Rehm HL, Bale SJ, Bayrak- Toydemir P, et al. ACMG clinical laboratory standards for 
Next- Generation Sequencing. Genet Med 2013;15:733–47. 

 12 Carrieri D, Howard HC, Benjamin C, et al. Recontacting patients in clinical genetics 
services: recommendations of the European Society of Human Genetics. Eur J Hum 
Genet 2019;27:169–82. 

 13 Iancu I- F, Avila- Fernandez A, Arteche A, et al. Prioritizing variants of uncertain 
significance for reclassification using a rule- based algorithm in inherited retinal 
dystrophies. Npj Genom Med 2021;6:doi. 

 14 Di Costanzo A, Minicocci I, D’Erasmo L, et al. Refinement of pathogenicity 
classification of variants associated with familial hypercholesterolemia: implications 
for clinical diagnosis. J Clin Lipidol 2021;15:822–31. 

 15 Patel MJ, DiStefano MT, Oza AM, et al. Disease- specific ACMG/AMP guidelines 
improve sequence variant interpretation for hearing loss. Genet Med 
2021;23:2208–12. 

 16 Richmond CM, James PA, Pantaleo S- J, et al. Clinical and laboratory reporting impact 
of ACMG- AMP and modified ClinGen variant classification frameworks in MYH7- 
related cardiomyopathy. Genetics in Medicine 2021;23:1108–15. 

 17 Mighton C, Charames GS, Wang M, et al. Variant classification changes over time in 
BRCA1 and BRCA2. Genetics in Medicine 2019;21:2248–54. 

 18 Yang S, Lincoln SE, Kobayashi Y, et al. Sources of discordance among germ- line variant 
classifications in ClinVar. Genetics in Medicine 2017;19:1118–26. 

 19 Quiat D, Witkowski L, Zouk H, et al. Retrospective analysis of clinical genetic testing in 
pediatric primary dilated cardiomyopathy: testing outcomes and the effects of variant 
reclassification. J Am Heart Assoc 2020;9:e016195. 

 20 Tsai GJ, Rañola JMO, Smith C, et al. Outcomes of 92 patient- driven family studies for 
reclassification of variants of uncertain significance. Genet Med 2019;21:1435–42. 

 21 Slavin TP, Van Tongeren LR, Behrendt CE, et al. Prospective study of cancer 
genetic variants: variation in rate of reclassification by ancestry. J Natl Cancer Inst 
2018;110:1059–66. 

 22 Plon SE, Rehm HL. The ancestral pace of variant reclassification. J Natl Cancer Inst 
2018;110:1133–4. 

 23 Hall MJ, Reid JE, Burbidge LA, et al. BRCA1 and BRCA2 mutations in women of 
different ethnicities undergoing testing for hereditary breast- ovarian cancer. Cancer 
2009;115:2222–33. 

 24 Park JS, Nam EJ, Park HS, et al. Identification of a novel BRCA1 pathogenic mutation 
in Korean patients following reclassification of BRCA1 and BRCA2 variants according 
to the ACMG standards and guidelines using relevant ethnic controls. Cancer Res 
Treat 2017;49:1012–21. 

 on O
ctober 12, 2024 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g-2023-109488 on 31 January 2024. D
ow

nloaded from
 

https://twitter.com/nicola_walsh12
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-0077-3973
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1038/gim.2015.30
http://dx.doi.org/10.1038/gim.2017.207
http://dx.doi.org/10.1200/PO.20.00020
http://dx.doi.org/10.1001/jamapediatrics.2018.2302
http://dx.doi.org/10.1002/cam4.5202
http://dx.doi.org/10.1200/PO.20.00399
http://dx.doi.org/10.1001/jama.2018.13152
http://dx.doi.org/10.1002/jgc4.1313
http://dx.doi.org/10.1097/GIM.0b013e318226fc15
http://dx.doi.org/10.1097/GIM.0b013e318226fc15
http://dx.doi.org/10.1038/gim.2013.92
http://dx.doi.org/10.1038/s41431-018-0285-1
http://dx.doi.org/10.1038/s41431-018-0285-1
http://dx.doi.org/10.1038/s41525-021-00182-z
http://dx.doi.org/10.1016/j.jacl.2021.10.001
http://dx.doi.org/10.1038/s41436-021-01254-2
http://dx.doi.org/10.1038/s41436-021-01107-y
http://dx.doi.org/10.1038/s41436-019-0493-2
http://dx.doi.org/10.1038/gim.2017.60
http://dx.doi.org/10.1161/JAHA.120.016195
http://dx.doi.org/10.1038/s41436-018-0335-7
http://dx.doi.org/10.1093/jnci/djy027
http://dx.doi.org/10.1093/jnci/djy075
http://dx.doi.org/10.1002/cncr.24200
http://dx.doi.org/10.4143/crt.2016.433
http://dx.doi.org/10.4143/crt.2016.433
http://jmg.bmj.com/


211Walsh N, et al. J Med Genet 2024;61:207–211. doi:10.1136/jmg-2023-109488

Review

 25 Liu Y, Wang H, Wang X, et al. Prevalence and reclassification of BRCA1 and BRCA2 
variants in a large, unselected Chinese Han breast cancer cohort. J Hematol Oncol 
2021;14:1–4. 

 26 1000 Genomes Project Consortium. A global reference for human genetic variation. 
Nature 2015;526:68–74. 

 27 Pruss D, Morris B, Hughes E, et al. Development and validation of a new algorithm 
for the reclassification of genetic variants identified in the BRCA1 and BRCA2 genes. 
Breast Cancer Res Treat 2014;147:119–32. 

 28 Landrum MJ, Lee JM, Riley GR, et al. ClinVar: public archive of relationships among 
sequence variation and human phenotype. Nucl Acids Res 2014;42:D980–5. 

 29 Ghouse J, Skov MW, Bigseth RS, et al. Distinguishing pathogenic mutations from 
background genetic noise in cardiology: the use of large genome databases for 
genetic interpretation. Clin Genet 2018;93:459–66. 

 30 Fokkema IFAC, van der Velde KJ, Slofstra MK, et al. Dutch genome diagnostic 
laboratories accelerated and improved variant interpretation and increased accuracy 
by sharing data. Hum Mutat 2019;40:2230–8. 

 31 Lek M, Karczewski KJ, Minikel EV, et al. Analysis of protein- coding genetic variation in 
60,706 humans. Nature 2016;536:285–91. 

 32 Yang S, Cline M, Zhang C, et al. Data sharing and reproducible clinical genetic testing: 
successes and challenges. Proceedings of the Pacific Symposium; Kohala Coast, 
Hawaii, USA.January 2017 

 33 Harrison SM, Riggs ER, Maglott DR, et al. Using ClinVar as a resource to support 
variant interpretation. Curr Protoc Hum Genet 2016;89:8. 

 34 Borras E, Chang K, Pande M, et al. In silico systems biology analysis of variants of 
uncertain significance in Lynch syndrome supports the prioritization of functional 
molecular validation. Cancer Prev Res (Phila) 2017;10:580–7. 

 35 Ng PC, Henikoff S. Predicting amino acid changes that affect protein function. Nucleic 
Acids Res 2003;31:3812–4. 

 36 Adzhubei I, Jordan DM, Sunyaev SR. Predicting functional effect of human missense 
mutations using PolyPhen- 2. Curr Protoc Hum Genet 2013;Chapter 7:Unit7. 

 37 Shihab HA, Gough J, Cooper DN, et al. Predicting the functional consequences of 
cancer- associated amino acid substitutions. Bioinformatics 2013;29:1504–10. 

 38 Testa B, Conteduca G, Grasso M, et al. Molecular analysis and reclassification of NSD1 
gene variants in a cohort of patients with clinical suspicion of Sotos syndrome. Genes 
2023;14:295. 

 39 Campuzano O, Sarquella- Brugada G, Fernandez- Falgueras A, et al. Reanalysis and 
reclassification of rare genetic variants associated with inherited arrhythmogenic 
syndromes. EBioMedicine 2020;54:102732. 

 40 Zouk H, Yu W, Oza A, et al. Reanalysis of eMERGE phase III sequence variants in 
10,500 participants and infrastructure to support the automated return of knowledge 
updates. Genet Med 2022;24:454–62. 

 41 Scott A, Hernandez F, Chamberlin A, et al. Saturation- scale functional evidence 
supports clinical variant interpretation in Lynch syndrome. Genome Biol 
2022;23:266. 

 42 Glazer AM, Davogustto G, Shaffer CM, et al. Arrhythmia variant associations 
and Reclassifications in the eMERGE- III sequencing study. Circulation 
2022;145:877–91. 

 43 Alaimo JT, Glinton KE, Liu N, et al. Integrated analysis of metabolomic profiling 
and exome data supplements sequence variant interpretation, classification, and 
diagnosis. Genet Med 2020;22:1560–6. 

 44 Hu C, Susswein LR, Roberts ME, et al. Classification of BRCA2 variants of uncertain 
significance (VUS) using an ACMG/AMP model incorporating a homology- directed 
repair (HDR) functional assay. Clin Cancer Res 2022;28:3742–51. 

 45 Alimohamed MZ, Westers H, Vos YJ, et al. Validation of new gene variant classification 
methods: a field- test in diagnostic cardiogenetics. Front Genet 2022;13:824510. 

 46 He W- B, Xiao W- J, Dai C- L, et al. RNA splicing analysis contributes to reclassifying 
variants of uncertain significance and improves the diagnosis of monogenic disorders. 
J Med Genet 2022;59:1010–6. 

 47 Costain G, Jobling R, Walker S, et al. Periodic reanalysis of whole- genome sequencing 
data enhances the diagnostic advantage over standard clinical genetic testing. Eur J 
Hum Genet 2018;26:740–4. 

 48 Clayton EW, Appelbaum PS, Chung WK, et al. Does the law require reinterpretation 
and return of revised genomic results Genetics in Medicine 2021;23:833–6. 

 49 De Ville K. Medical malpractice in twentieth century United States. The interaction of 
technology, law and culture. Int J Technol Assess Health Care 1998;14:197–211. 

 50 Otten E, Plantinga M, Birnie E, et al. Is there a duty to recontact in light of 
new genetic technologies? A systematic review of the literature. Genet Med 
2015;17:668–78. 

 51 O’Daniel JM, McLaughlin HM, Amendola LM, et al. A survey of current practices for 
genomic sequencing test interpretation and reporting processes in US laboratories. 
Genet Med 2017;19:575–82. 

 52 Carrieri D, Lucassen AM, Clarke AJ, et al. Recontact in clinical practice: a survey of 
clinical genetics services in the United Kingdom. Genet Med 2016;18:876–81. 

 53 Mecky J el, Johansson L, Plantinga M, et al. Reinterpretation, reclassification, and its 
downstream effects: challenges for clinical laboratory geneticists. In Review [Preprint]. 

 54 Richards CS, Bale S, Bellissimo DB, et al. ACMG recommendations for standards 
for interpretation and reporting of sequence variations: revisions 2007. Genetics in 
Medicine 2008;10:294–300. 

 55 David KL, Best RG, Brenman LM, et al. Patient re- contact after revision of genomic 
test results: points to consider—a statement of the American College of Medical 
Genetics and Genomics (ACMG). Genetics in Medicine 2019;21:769–71. 

 56 Westphal DS, Burkard T, Moscu-Gregor A, et al. Reclassification of genetic variants in 
children with long QT syndrome. Molec Gen &Amp; Gen Med 2020;8:1–9. 10.1002/
mgg3.1300 Available: https://onlinelibrary.wiley.com/toc/23249269/8/9

 57 Halverson CME, Connors LM, Wessinger BC, et al. Patient perspectives on variant 
reclassification after cancer susceptibility testing. Mol Genet Genomic Med 
2020;8:e1275e1275. 

 58 Wong EK, Bartels K, Hathaway J, et al. Perceptions of genetic variant reclassification 
in patients with inherited cardiac disease. Eur J Hum Genet 2019;27:1134–42. 

 59 Makhnoon S, Garrett LT, Burke W, et al. Experiences of patients seeking to participate 
in variant of uncertain significance reclassification research. J Community Genet 
2019;10:189–96. 

 60 Margolin A, Helm BM, Treat K, et al. Assessing parental understanding of variant 
reclassification in pediatric neurology and developmental pediatrics clinics. J 
Community Genet 2021;12:663–70. 

 61 Amendola LM, Muenzen K, Biesecker LG, et al. Variant classification concordance 
using the ACMG- AMP variant interpretation guidelines across nine genomic 
implementation research studies. Am J Hum Genet 2020;107:932–41. 

 62 Kelly MA, Caleshu C, Morales A, et al. Adaptation and validation of the ACMG/AMP 
variant classification framework for MYH7- associated inherited cardiomyopathies: 
recommendations by ClinGen’s inherited cardiomyopathy expert panel. Genet Med 
2018;20:351–9. 

 63 Charnay T, Blanck V, Cerino M, et al. Retrospective analysis and reclassification 
of DYSF variants in a large French series of dysferlinopathy patients. Genet Med 
2021;23:1574–7. 

 64 Westphal DS, Pollmann K, Marschall C, et al. It is not carved in stone—the need for 
a genetic reevaluation of variants in pediatric cardiomyopathies. J Cardiovasc Dev Dis 
2022;9:41. 

 65 Chan KS, Bohnsack BL, Ing A, et al. Diagnostic yield of genetic testing for ocular 
and oculocutaneous albinism in a diverse United States pediatric population. Genes 
(Basel) 2023;14:135. 

 66 Bennett JS, Bernhardt M, McBride KL, et al. Reclassification of variants of uncertain 
significance in children with inherited arrhythmia syndromes is predicted by clinical 
factors. Pediatr Cardiol 2019;40:1679–87. 

 67 So M- K, Jeong T- D, Lim W, et al. Reinterpretation of BRCA1 and BRCA2 variants of 
uncertain significance in patients with hereditary breast/ovarian cancer using the 
ACMG/AMP 2015 guidelines. Breast Cancer 2019;26:510–9. 

 68 Ha HI, Ryu JS, Shim H, et al. Reclassification of BRCA1 and BRCA2 variants found 
in ovarian epithelial, fallopian tube, and primary peritoneal cancers. J Gynecol Oncol 
2020;31:e83e83. 

 69 Wright M, Menon V, Taylor L, et al. Factors predicting reclassification of variants of 
unknown significance. Am J Surg 2018;216:1148–54. 

 70 Davies B, Bartels K, Hathaway J, et al. Variant reinterpretation in survivors of cardiac 
arrest with preserved ejection fraction (the cardiac arrest survivors with preserved 
ejection fraction registry) by clinicians and clinical commercial laboratories. Circ: 
Genomic and Precision Medicine 2021;14:doi. 

 71 Galvin O, Chi G, Brady L, et al. The impact of inherited retinal diseases in the Republic 
of Ireland (ROI) and the United Kingdom (UK) from a cost- of- illness perspective. Clin 
Ophthalmol 2020;14:707–19. 

 72 Muir SM, Reagle R. Characterization of variant reclassification and patient re- contact 
in a cancer genetics clinic. J Genet Couns 2022;31:1261–72. 

 73 Adler A, Novelli V, Amin AS, et al. An international, multicentered, evidence- based 
reappraisal of genes reported to cause congenital long QT syndrome. Circulation 
2020;141:418–28. 

 74 VanDyke RE, Hashimoto S, Morales A, et al. Impact of variant reclassification in the 
clinical setting of cardiovascular genetics. J Genet Couns 2021;30:503–12. 

 on O
ctober 12, 2024 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g-2023-109488 on 31 January 2024. D
ow

nloaded from
 

http://dx.doi.org/10.1186/s13045-020-01010-0
http://dx.doi.org/10.1038/nature15393
http://dx.doi.org/10.1007/s10549-014-3065-9
http://dx.doi.org/10.1093/nar/gkt1113
http://dx.doi.org/10.1111/cge.13066
http://dx.doi.org/10.1002/humu.23896
http://dx.doi.org/10.1038/nature19057
http://dx.doi.org/10.1002/0471142905.hg0816s89
http://dx.doi.org/10.1158/1940-6207.CAPR-17-0058
http://dx.doi.org/10.1093/nar/gkg509
http://dx.doi.org/10.1093/nar/gkg509
http://dx.doi.org/10.1002/0471142905.hg0720s76
http://dx.doi.org/10.1093/bioinformatics/btt182
http://dx.doi.org/10.3390/genes14020295
http://dx.doi.org/10.1016/j.ebiom.2020.102732
http://dx.doi.org/10.1016/j.gim.2021.10.010
http://dx.doi.org/10.1186/s13059-022-02839-z
http://dx.doi.org/10.1161/CIRCULATIONAHA.121.055562
http://dx.doi.org/10.1038/s41436-020-0827-0
http://dx.doi.org/10.1158/1078-0432.CCR-22-0203
http://dx.doi.org/10.3389/fgene.2022.824510
http://dx.doi.org/10.1136/jmedgenet-2021-108013
http://dx.doi.org/10.1038/s41431-018-0114-6
http://dx.doi.org/10.1038/s41431-018-0114-6
http://dx.doi.org/10.1038/s41436-020-01065-x
http://dx.doi.org/10.1017/s0266462300012198
http://dx.doi.org/10.1038/gim.2014.173
http://dx.doi.org/10.1038/gim.2016.152
http://dx.doi.org/10.1038/gim.2015.194
http://dx.doi.org/10.1097/GIM.0b013e31816b5cae
http://dx.doi.org/10.1097/GIM.0b013e31816b5cae
http://dx.doi.org/10.1038/s41436-018-0391-z
http://dx.doi.org/10.1002/mgg3.1300
https://onlinelibrary.wiley.com/toc/23249269/8/9
http://dx.doi.org/10.1002/mgg3.1275
http://dx.doi.org/10.1038/s41431-019-0377-6
http://dx.doi.org/10.1007/s12687-018-0375-3
http://dx.doi.org/10.1007/s12687-021-00552-1
http://dx.doi.org/10.1007/s12687-021-00552-1
http://dx.doi.org/10.1016/j.ajhg.2020.09.011
http://dx.doi.org/10.1038/gim.2017.218
http://dx.doi.org/10.1038/s41436-021-01164-3
http://dx.doi.org/10.3390/jcdd9020041
http://dx.doi.org/10.3390/genes14010135
http://dx.doi.org/10.3390/genes14010135
http://dx.doi.org/10.1007/s00246-019-02203-2
http://dx.doi.org/10.1007/s12282-019-00951-w
http://dx.doi.org/10.3802/jgo.2020.31.e83
http://dx.doi.org/10.1016/j.amjsurg.2018.08.008
http://dx.doi.org/10.1161/CIRCGEN.120.003235
http://dx.doi.org/10.1161/CIRCGEN.120.003235
http://dx.doi.org/10.2147/OPTH.S241928
http://dx.doi.org/10.2147/OPTH.S241928
http://dx.doi.org/10.1002/jgc4.1600
http://dx.doi.org/10.1161/CIRCULATIONAHA.119.043132
http://dx.doi.org/10.1002/jgc4.1336
http://jmg.bmj.com/

	Variant reclassification and clinical implications
	Abstract
	Introduction
	Variant reclassification
	Factors associated with variant reclassification
	Standardised guidelines
	Segregation analysis
	Clinical presentation
	Ancestry
	Databases
	Bioinformatics
	Genome reanalysis

	Ethics and law
	Who is responsible?
	Patient impact

	Discussion
	Conclusion
	References


