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Fromdiagnosticexperienceto recommendations

- March2018: National meeting of Dutch ClinicalScientist(PATH project)

- 6 centresshared experiencesin detectionCNVsin diagnosticsusingNGS panels

- Determinerequirementsfor pathologyreport

- Manuscript with recommendations, co-authoredby 12 centres
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data: from lab-data to clinicalreport

ÅWhatare gene amplifications(copy numbergains)?

ÅApproaches to detectgene amplificationsin NGS data

ÅImplementationinto routine diagnostics
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Gene amplifications

https://lungevity.org/for-patients-caregivers/lung-cancer-101/treatment-options/targeted-therapy

FISH:

NGS:

Potentialtherapeutictarget and/or differential diagnosis
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Gene amplifications: just one of many aberrations

https://www.cell.com/trends/cancer

UntreatedNSCLC:

NGS

NGS

NGS

NGS

NGS
NGS

NGS

NGS

NGS for mutation detection

Lesstissue, but more aberrationsto screen for
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Detectionof gene amplificationsusingNGS

Gene A Gene B Gene C

Gene A Gene B Gene C

Gene A Gene B Gene C

Gene A Gene B Gene C

normalcell

tumor cell



Detectionof gene amplificationsusingbD{Χ

NGS reads:

Χbycoverageanalysis (I)



NGS baseddetection of gene amplifications

Coverage baseddetection

1) Normalization

Different approachescanbeusedfor normalization



NGS baseddetection of gene amplifications

Coveragebaseddetection

2) Comparisonwith other samples

Comparisonwith internal or externalreferencepool, or mixed approach



NGS baseddetection of gene amplifications

Coveragebaseddetection

3) Relevant quantitative(fold change) & statistical(z-score) measures



Z-score: change / stdevĄ statisticalmeasure, reliability
Relativecoverageor fold change: quantitativemeasure

NGS baseddetection of gene amplifications

Coveragebaseddetection

3) Note: statisticalmeasuresdependon variationand candifferǇŜǊ ƎŜƴŜΧ

z=2 z=10



NGS baseddetection of gene amplifications

Coveragebaseddetection

3) Note: statisticalmeasuressuchas z-scores canbe different per gene/batch/lab

Z-scores are thereforenot a proper measurefor the level of amplification



Detectionof gene amplificationsusingbD{Χ

NGS reads:

ΧbySNP allelefrequency(II)



Detectionof gene amplificationsusingbD{Χ

ΧbySNP allelefrequency(II)

100%

0%

100%

0%



NGS baseddetection of gene amplifications

SNP baseddetection: B allelefrequency(BAF)

RequiressufficientSNPsat/neareachgene locus

Does is representgainor loss? Ą coverageinformationrequired



Detectionof gene amplificationsin NGS 

data: from lab-data to clinicalreport

ÅWhatare gene amplifications(copy numbergains)?

ÅApproaches to detectgene amplificationsin NGS data

ÅImplementationinto routine diagnostics

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjJ163zpI7ZAhWL2SwKHc8XDXYQjRwIBw&url=https://www.lungevity.org/for-patients-caregivers/lung-cancer-101/treatment-options/targeted-therapy&psig=AOvVaw0EbxWq79WpaaDZ2lQKUN_N&ust=1517903227047951


Implementationroutine diagnostics

Whatabout:

- the magnitude of amplification?

- the influenceof tumorload?

- analyticalsensitivity?

- the clinicalreport?
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NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

normal ΨƭƻǿΩ ƭŜǾŜƭΨƘƛƎƘΩ ƭŜǾŜƭ

https://www.researchgate.net/figure/A-picture-showing-the-differences-in-level-of-HER2-neu-gene-amplification-in-tumor_fig1_23134004



NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

normal ΨƭƻǿΩ ƭŜǾŜƭ
(3 copies)

ΨƘƛƎƘΩ ƭŜǾŜƭ
(9 copies)



NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

normal
(1+1)n

coverage1x

ΨƭƻǿΩ ƭŜǾŜƭ
(1+3)n

coverage2x

ΨƘƛƎƘΩ ƭŜǾŜƭ
(1+9)n

coverage5x



NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

normal ΨƭƻǿΩ ƭŜǾŜƭ
(3 copies)

ΨƘƛƎƘΩ ƭŜǾŜƭ
(9 copies)



NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

normal
1/2 Ą 50%
1/2 Ą 50%

ΨƭƻǿΩ ƭŜǾŜƭ
1/4 Ą 25%
3/4 Ą 75%

ΨƘƛƎƘΩ ƭŜǾŜƭ
1/10 Ą 10%
9/10 Ą 90%

100%

0%

100%

0%

100%

0%



NGS baseddetection of gene amplifications

is influencedby magnitude of amplification

Resolutionof coveragevsSNP-baseddetection:



Implementationroutine diagnostics

Whatabout:

- the magnitude of amplification?

- the influenceof tumorload?

- analyticalsensitivity?

- the clinicalreport?



NGS baseddetection of gene amplifications

is influencedby tumorload

Copy numberestimationwith 2x increasedcoverage:

100% tumorload Ą ~ 3 copies
50% tumorload Ą ~ 5 copies
25% tumorload Ą ~9 copies



NGS baseddetection of gene amplifications

is influencedby tumorload

(1+1)n * 100%
Ą coverage1x

(1+3)n * 100%
Ą coverage2x

4 cellsĄ 8 copiesof GeneB 4 tumour cellsĄ 16 copiesof GeneB



NGS baseddetection of gene amplifications

is influencedby tumorload

(1+1)n * 100%
Ą coverage1x

((1+1)n * 50%) + ((1+5)n * 50%)
Ą coverage2x

4 cellsĄ 8 copiesof GeneB 2 normalcellsĄ 4 copiesof GeneB
2 tumour cellsĄ 12 copiesof GeneB



NGS baseddetection of gene amplifications

is influencedby tumorload

(1+1)n * 100%
Ą coverage1x

((1+1)n * 75%) + ((1+9)n * 25%)
Ą coverage2x

4 cellsĄ 8 copiesof GeneB 3 normalcellsĄ 6 copiesof GeneB
1 tumour cellsĄ 10 copiesof GeneB



NGS baseddetection of gene amplifications

is influencedby tumorload

Copy numberestimationwith 2x increasedcoverage:

100% tumorload Ą ~ 3 copies
50% tumorload Ą ~ 5 copies
25% tumorload Ą ~9 copies

Does it representa clinicallyrelevant / targetable
gene amplification?

Note: 
- approximationof tumorloadis errorprone
- basedon 2n genomes of normaland tumor cells



Quantitive interpretation of 

NGS baseddetection of gene amplifications

Clinicallyrelevant? Comparisonwith FISH required?
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Analyticalsensitivity

Analyticalsensitivitydependson cut-offs andtumour cell%
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NGS baseddetectionof CNVsin routine diagnostics:

the report

1) Gene name

2) Type CNV (amplification, deletion, LOH)

3) Relativecoverage(fold change) andapproximationof the numberof gene copies(basedon tumorload)

4) Statement about assay sensitivity(falsenegativefor low level gene amplificationsor in case of low tumorload)

Optional:

Statistical measures(z-score etc).



Tosummarize: technicalconsiderations

Eijkelenboom et al., VirchowsArch. 2019 Jun;474(6):673-680



Tosummarize: relevant biologicalphenomena

Eijkelenboom et al., VirchowsArch. 2019 Jun;474(6):673-680
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Detectionof gene amplifications

FISH:

NGS:

usingcoverage usingSNPs
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