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Fromdiagnosticexperienceto recommendations

- March2018: National meeting of DutdBlinicalScientist(PATH project)
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Geneamplifications

o FISH:

Normal Ampi ication
MHormal Amplification
Gene Gene  Gene  Gene / .
Normal number Many more copies
I | ) | 1] | 1 of copies of a gene of gene than normal
Mormal number Many more copies
of copies of a gene of gene than normal NGS

&

Mormal protein activity Increased protein activity
& controlled call growth & uncontrolled cell growth

https://lungevity.org/for-patientscaregivers/lungcancer101/treatment-options/targetedtherapy

Potentialtherapeutictarget andor differential diagnosis
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Gene amplificationsjust one of many aberrations

UntreatedNSCLC:
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NGSor mutation detection

Lesdissue, but moreaberrationsto screenfor

https://www.cell.com/trends/cancer Radb Oud u m C
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Detectionof geneamplificationsusingNGS
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tumor cell
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Detectionof geneamplificationsusingb D { X
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NG Sbaseddetection of geneamplifications

Coveragéaseddetection

1) Normalization

Raw NGS coverage data Normalized NGS coverage data

3 - -~ Sample 1
- Sample 2
-+ Sample 3

normalized coverage
[R*]

coverage per amplicon

Gene A Gene B GeneC GeneD Gene A Gene B GeneC GeneD

Differentapproachesanbe usedfor normalization
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NG Sbaseddetection of geneamplifications

Coveragéaseddetection

2) Comparisorwith other samples

Comparison with reference pool

5 [ References
1 Sample 2

normalized coverage

Gene A Gene B Gene C Gene D

Comparisorwith internal or externalreferencepool, or mixedapproach
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NG Sbaseddetection of geneamplifications

Coveragéaseddetection

3) Relevantuantitative (fold change) &statistical(z-score)measures

[ References
[ Sample 2

relative coverage

Gene A Gene B Gene C Gene D

Radboudumc



NG Sbaseddetection of geneamplifications

Coveragéaseddetection

3) Note: statisticalmeasuresiependon variationand candiffer LISNJ 3 Sy S X

2.59

3 Gene A

201 Bl GeneB

1.5 -|-
1.0

0.5

Relative coverage

Z-score: change stdevy4 statisticalmeasurereliability
Relativecoverageor fold change:quantitativemeasure
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NG Sbaseddetection of geneamplifications

Coveragéaseddetection

3) Note: statisticalmeasuresuchasz-scorescanbe different per gene/batch/lab

Results per gene (lab A) Results per gene (lab B)
37 23 37 12

relative coverage
relative coverage

Z-scores are¢hereforenot a propermeasurefor the level ofamplification
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Detectionof geneamplificationsusingb D { X
/ \ NGSeads
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Detectionof geneamplificationsusingb D { X
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NG Sbaseddetection of geneamplifications

SNPbaseddetectiont Ballelefrequency(BAF)

B-allele frequency (BAF)

100 -

80 -

60 -

40 -

20 -

RequiresufficientSNPst/ neareachgenelocus

Does igepresenigainorloss?4 coveraganformationrequired
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Implementation routine diagnostics

What about
- the magnitude ofamplificatior?
- the influenceof tumorload?

- analyticalsensitivity?

ARE WE THERE'YET2. . - the clinicalreport?
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NG Soaseddetection of geneamplifications
IS iInfluencedby magnitude ofamplification

normal Wi 26Q f SOPSt WKATIKQ f S@S

https://www.researchgate.net/figure/Apicture-showingthe-differencesin-levetof-HERZheu-geneamplificationrin-tumor_figl 2313004
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NG Sbaseddetection of geneamplifications
IS Influencedby magnitude ofamplification
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(3 copies) (9 copies)
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NG Sbaseddetection of geneamplifications
IS Influencedby magnitude ofamplification

Relative coverage

R
lat

Rel
(=]
Relative ¢
° p n

& @@"’ @&° & &S A
normal Wi 26Q fSOSt WKAIKQ £ SOS
(1+1)n (1+3)n (1+9)n
coveragelx coveragezx coveragebx
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NG Sbaseddetection of geneamplifications
IS Influencedby magnitude ofamplification
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NG Sbaseddetection of geneamplifications
IS Influencedby magnitude ofamplification

100% 8- 100% 8- 100% 0 O
o
——@ 80 —— — —
0% 0% ° 0% a
normal WE26Q fSOSt WKAIKQ f SGS
1/2 A 50% 1/4 A 25% 1/10 4 10%
1/2 A 50% 3/4 A 75% 9/10 4 90%
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NG Sbaseddetection of geneamplifications
IS Influencedby magnitude ofamplification

Resolutionof coveragevs SNPbaseddetection

B-allele frequency (BAF)

100 -~
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60 He
40 4
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B relative coverage
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Implementation routine diagnostics

Whatabout
- the magnitude ofamplificatior?

- the influenceof tumorload?

- analyticalsensitivity?

ARE WE THERE'YET2. . - the clinicalreport?
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NG Sbaseddetection of geneamplifications
Is influencedby tumorload

Relative covera

2.51

2.0

1.5

1.0

0.5+

0.0-

Copynumberestimationwith 2xincreasedcoverage

100% tumorloadd ~ 3copies
50% tumorloadd ~ 5copies
25% tumorloadd ~9copies
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NG Sbaseddetection of geneamplifications
IS iInfluencedby tumorload

(" )

- -l -

é )

- - -

- -l -

- -l -

. J

- - -

- - -

. J

(1+1)n * 100%
A coveragelx

(1+3)n * 100%
A coveragezx

4 cellsA 8 copiesof GeneB

4 tumour cellsA 16 copiesof GeneB
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NG Sbaseddetection of geneamplifications
Is influencedby tumorload

4 X ) 4 Y )
pp e i i e R i m— [ e TR R e R m— i, L m—
[
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g VAN J \§ VA Bt J
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[
[
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g VAN J \_ VA o 4
(1+1)n * 100% ((1+1)n * 50%) + ((1+5)n * 50%)
A coveragelx A coveragezx
4 cellsA 8 copiesof GeneB 2 normalcellsA 4 copiesof GeneB

2 tumour cellsA 12 copiesof GeneB
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NG Sbaseddetection of geneamplifications
Is influencedby tumorload

4 X ) 4 \/ )
pp e i i e R i m— [ e TR R e R m— i, m—
pp e i i e R i m— [ e TR R e R m— i, m—
g VAN J \§ J J
4 X ) 4 e —— T e
-— - - || - - - -— - - = -
==
===
- - - - - - - - - - - -
- J\ y, \_ =
(1+1)n * 100% ((1+1)n * 75%) + ((1+9)n * 25%)
A coveragelx A coveragezx
4 cellsA 8 copiesof GeneB 3 normalcellsA 6 copiesof GeneB

1 tumour cellsA 10 copiesof GeneB
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NG Sbaseddetection of geneamplifications
IS Influencedby tumorload

2.51

Relative coverage

0.0-

2.0

1.5

1.0

0.5+

Copynumberestimationwith 2xincreasedcoverage

100% tumorloadd ~ 3copies
50% tumorloadd ~ 5copies
25% tumorloadd ~9copies

Doesit representa clinicallyrelevant /targetable
geneamplificatiorf?

Note:

- approximationof tumorloadis error prone
- basedon 2n genomes aformaland tumorcells
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Quantitive interpretation of
NG Sbaseddetection of geneamplifications

= 200 - .
g relative coverage of
g the copy number gain
i% 150
§§ - 3
L5 100 - - 4
= § —— 5
o=
g £ 50 B
E - 3
T - 10
0 -

1
b‘Qo\o ero\o (]90\0 '\Qo\e

o\e

o\e o\e
/\Q @Q (,JQ

neoplastic cell load

Clinicallyrelevant?Comparisorwith FISHequired?
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Implementation routine diagnostics

What about
- the magnitude ofamplificatior?
- the influenceof tumorload?

- analyticalsensitivity?

ARE WE THERE'YET2. . - the clinicalreport?
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Analyticalsensitivity

Analyticalsensitivitydependson cut-offs andtumour cellb

50 —
Detection limit (relative coverage >3)
E L. 40 -
0 E O
o209 30 o
T 2
3o
§88 -
QL c
2 c 10 -
W
0 -
o\o o\ o\e o\e o\e o\e o\e o\e o\e o\e

neoplastic cell load
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Implementation routine diagnostics

What about
- the magnitude ofamplificatior?
- the influenceof tumorload?

- analyticalsensitivity?
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NG Sbaseddetection of CNV3an routine diagnostics
the report

1) Gene name
2) Type CN\aMplification deletion, LOH)
3) Relativecoveraggfold change)and approximationof the number of genecopies(basedon tumorload)

4) Statementabout assaysensitivity (falsenegativefor low level geneamplificationsor in case of low tumorload)

Optional

Statisticalmeasureqz-scoreetc).
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Tosummarize technicalconsiderations

Table 1 Technical considerations for detection of copy number gains (gene amplifications) using panel NGS data

Technical issue  Why relevant?

Considerations

Panel content  Panel size and selection of genomic loci (i) Contains amplicons/probes sufficiently spread throughout the genome

can affect detection of copy number
gains

Normalization Required to correct for differences in
eDNA input quality/quantity

Reference pool Is required to detect coverage outliers
indicative of copy number gains

Thresholds Required to distinguish genuine copy
number gains from technical noise

Sensitivity Awareness of assay limitations is
critical for routine diagnostics

(ii) Includes loci likely to not be affected by copy number variation in tumor of interest
(iii) Minimal number of amplicons/probes per gene, preferably throughout gene locus
(iv) For BAF, include sufficient number of heterogeneous loci for sufficient “SNP-density”

Choose method that is not/minimally affected by copy number variation

(i) Internal and/or external reference pool
(ii) Includes samples without copy number variation (e.g., normal tissue)
(ii1) Processed using identical protocols

(i) Validated by positive/negative controls using other methods

(i1) Includes minimal coverage thresholds to prevent false positive calls from poor
quality gDNA

(iii) Include positive and negative controls on a regular basis, to ensure assay stability and
test validated thresholds

(i) Affected by thresholds and neoplastic cell percentage
(i) Should be included in clinical report

Eijkelenboom et alVirchowsArch 2019 Jun;474(6):67@30
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Tosummarize relevantbiologicalphenomena

Table 2  Biological phenomena that affect the detection of copy number gains using panel NGS data

Biological phenomena Why relevant? How does it affect detection of copy number gains?

Neoplastic cell content Measurements are obtained (i) The actual detected increase in coverage/deviation in BAF increases with neoplastic
from a mixture of tumor-derived  cell content
and non-neoplastic gDNA (i1) Influences the estimation of the allele copy number

(iii) Determines assay sensitivity (in combination with thresholds used to identify
statistically significant gains)

Allele copy Clinical consequences are based (i) The detected increase in coverage/deviation in BAF increases with allele copy number
number/magnitude on cutoffs in allele copy number (ii) Assay sensitivity should match the clinically relevant cutoffs in alllele copy number
of amplification of gene amplification

Aneuploidy Can affect normalization and (i) Results in underestimation or overestimation depending on the nature and

allele copy number estimation extend of aneuploidy and the number of genomic regions that are included in the
gene panel

(i1) High-level copy number gains are likely less affected compared to low copy
number alterations

Eijkelenboom et alVirchowsArch 2019 Jun;474(6):6 7380
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