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55yo M w ?malignant mesothelioma, biphasic type (sarcomatoid predominant)

Does this profile confirm the histopathological suspicion?

2021 Molecular Diagnostics: Current Roles in Cancer Diagnosis and Patient Management
Dubuc AM - Live Advanced Workshop: Copy number by Microarray & NGS

How do we accurately, and appropriately evaluate CN data?
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Conversation of signal intensity into underlying copy number (and genotype)

Workflow for Copy Number Assessment by CMA

CMA
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Converting signal to normalized copy number

Segmentation

Normalize Data

(*) Approaches -2, but rarely reaches this as there is always background signal 

CN=2

CN=3

CN=1

CN=0

CMA normalized 

uses databases 

of commercially-

generated 

“normals”;

NGS normalized 

via internal panel 

of normal and/or 

with plate-based 
controls
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Converting signal to normalized copy number

Normalize Data

Table 1. Predicted Log2 ratio of GAINS(*)

% Tumor Nuclei

80 75 70 60 50 40 30 20 10 0

single copy 0.6 0.57 0.54 0.51 0.48 0.45 0.42 0.36 0.3 0.24 0.18 0.12 0.06 0

two copy 1.2 1.14 1.08 1.02 0.96 0.9 0.84 0.72 0.6 0.48 0.36 0.24 0.12 0

Table 2. Predicted Log2 ratio of LOSSES(*)

% Tumor Nuclei

100 95 90 85 80 75 70 60 50 40 30 20 10 0

single copy -1 -0.95 -0.9 -0.85 -0.8 -0.75 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

two copy -2 -1.9 -1.8 -1.7 -1.6 -1.5 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0

(*) Based on conversion of of copy number state (CN) to log-ratio(LR) using CN=2*2^(LR) and adjusted on the basis of percent tumor (%T), CN=2*2^(LR/%T)  

Copy Number = 2 x 2^(Log2 Ratio / %Tumor)

Note: Absolute log-ratios obtained are often platform dependent, and may vary from these thresholds



Circular Binary Segmentation (CBS) most commonly used for identification of copy number 
“segments” based on user-defined thresholds

Segmentation and Post-Analysis Filtering

Copy number segment: grouping copy number on the basis of similarity

Copy Number filter/threshold: establishing threshold to establish which 

variants can/should be interpreted 
(i.e. differentiating signal from noise)
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Probes grouped on 
the basis of their 
similarity in 
amplitude

Use of Single Nucleotide Polymorphisms (SNPs) 
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CMA and NGS piplines make use of single nucleotide polymorphisms (SNPs) referred to called 

the “A” and “B” alleles reference to their major/minor prevalence.
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Visualizing allelic information
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Integrating Copy Number and Allelic Profiles
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B-allele more sensitive to low-level variation; 

but loss and copy-neutral loss of heterozygosity will show the same allele profile
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Impact of Tumor Purity (B-Allele Frequency)

B-Allele 
Frequency (BAF)

= B / (A + B)

Alleles has a value of 0.5



Critical to interpret BOTH copy number an allelic information
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Case 1:
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Case 2: ? oligodendroglioma

Considerations:

1. Evaluate genome-wide 
profile
? is the genome diploid

2. What is the tumor purity?  
? Are we concerned about  

data quality or missing 

relevant aberrations

3. Is there a known genomic 
(copy number) signature?
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Case 3: ? IDH-wildtype glioblastoma

Considerations:

1. How many copies of 

chromosome 7 are there?

2. Is there a known genomic 

(copy number) signature?
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Case 3: ? IDH-wildtype glioblastoma

Inferred Copy number for losses 

is 0.8 
(suggesting 80% tumor content)

Inferred Copy number for 

chr7 is 3.6 

(i.e. two copy gain)

normal tumor

normal tumor
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Focal, 370 kb amplification 
of EGFR

Focal, 225 kb homozygous deletion
of CDKN2A/2B

Case 3: ? IDH-wildtype glioblastoma
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PDGFRA amplification EGFR amplification

CDK4

MET

295 kb ~3-4x GAIN (LR=1.43) 700 kb GAIN (LR=0.575)

When should we be concerned regarding subclonal amps?

MET (7q31.2)

CEP7 (D7Z1)
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Challenges associated with tumor admixture
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Case 4: B-Acute Lymphoblastic Leukemia
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Case 4: B-Acute Lymphoblastic Leukemia

What causes these changes to the allele peak profile?
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No change in copy number but 

apparent alterations in the allele 

profile

Copy Neutral Loss of Heterozygosity (CN-LOH)

Somatic regions of CN-LOH are NEVER interstitial; always involve break and extend to telomere
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BB (-1)

% Cells with CN-LOH

0 1
0

0

Allelic Difference

= A - B

Alleles has a value of 0.5

Suggestive of, but not 

diagnostic for, an 

underlying mutation
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Case 6:

How would we interpret these results??
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Case 6:  TRIPLOIDY 

Genome-wide change of allelic profile coupled 

with apparently ‘normal’ genome-wide pattern suggests ploidy change
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Both assays input a set amount of DNA (i.e. DNA normalized irrespective of ploidy…

Diploid-specimen
(46,XY)

Triploid-specimen
(69,XXY)

Assays normalize 

DNA input

(i.e. 80ng). 

Signal intensity for any region of the 

genome will be identical 

However, due to 

allelic imbalance (2:1 

ratio of alleles) profile 

will change 

2021 Molecular Diagnostics: Current Roles in Cancer Diagnosis and Patient Management
Dubuc AM - Live Advanced Workshop: Copy number by Microarray & NGS

Case 7:  complex profiles 
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Case 7:  complex profiles 

1. Identify regions of heterozygosity (suggests copy number is a multiple of 2).

2. Determine if these regions share similar amplitudes
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Case 7:  complex profiles 

3. Determine if changes in amplitude produce expected change in allele profile
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Case 7:  complex profiles 

4. Use sex-chromosome information to assist in inferring possible copy number 
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Case 7:  complex profiles 

4. Use sex-chromosome information to assist in inferring possible copy number

5. …if in doubt, correlate with other methodologies.  
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5’ KMT2A (11q23)

3’ KMT2A (11q23)

nuc ish(KMT2Ax4) [87/100]

ETV6 (12p13)

RUNX1 (21q22)

nuc ish(ETV6x2,RUNX1x4) [84/100]

D4Z1 (4p11q11) 

D10Z1 (10p11.1q11.1) 

D17Z1 (17p11.1q11.1) 

nuc ish(D4Z1x2,D10Z1x3,

D17Z1x2) [77/100]
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Case 7:  complex profiles 



Case 8:  Genome-wide profiles by NGS

Multiple possibilities can lead to the same allelic profile
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-6 -10 -13 -14

Monosomy of chromosomes 6,10, 13 and 14. Additional deletions identified 

Case 9: ?IDH-wt glioblastoma
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2.5 Mb gain identified on 22q11.2… 
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Case 9: ?IDH-wt glioblastoma
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“Laboratories should have an established policy for reporting CNVs that are likely germline
and have been curated as pathogenic by ClinGen (including pathogenic CNVs associated with
disorders that show incomplete penetrance) and/or span known haploinsufficient or
triplosensitive genes. These findings can influence clinical care for the patient and the family;
as such, they should be included in the report and discussed as potentially constitutional
clinically significant variant”

Incidental Findings



55yo M w ?malignant mesothelioma, biphasic type (sarcomatoid predominant)

Does this profile confirm the histopathological suspicion?
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How do we accurately, and appropriately evaluate CN data?

Case 10:

55yo M w ?malignant mesothelioma, biphasic type (sarcomatoid predominant)
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Case 10:

Small ‘gap’ between heterozygous (AB) track suggests ploidy change
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Four “outcomes” therefore four 

distinct peaks

Copy number and 

allele peak 

pattern is 

reflection of 

normal AND 

tumor admixure

(i.e., cannot be 

separated in 

Cytoscan)  

Why four allele peaks?

INTERPRETING RESULTS FOR CHROMOSOME 9 
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INTERPRETING RESULTS FOR CHROMOSOME 5 

(array suggests relative gain of chromosome 5 versus other chromosomes (i.e., chr9))
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INTERPRETING RESULTS FOR CHROMOSOME 5 

(array suggests relative gain of chromosome 5 versus other chromosomes (i.e., chr9))
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INTERPRETING RESULTS FOR CHROMOSOME 1

(array suggests relative gain of 1q but different allele pattern than chromosome 5)
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INTERPRETING RESULTS FOR CHROMOSOME 1
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Ultimately this pattern can produce 4 peaks with more 

separation between the heterozygous genotypes.



Sukhov et al., Cancer Genet Cytogenet. 2010 Oct 15;202(2):123-8.
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Case 10: Allelic Profile Suggest a Haploid Tumor!

AMP of 5’ CICGAIN of 3’ ALK
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GAIN of 5’ KIAA1549  & 3’ BRAF

ALK CIC

BRAFKIAA1549 FGFR3TACC3

GAIN of 5’ FGFR3 & 3’ TACC3

The significance, if any, is best evaluated following confirmation of SV
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Intragenic Breakpoints



6-month old with cerebral hemisphere mass, c/w GLIOBLASTOMA

1           2           3            4          5         6          7       8     9       10     11     12    13    14  15     16    17   18   19  20  21  22

Copy number change on 7q 
partially encompasses MET 

?Structural variation
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PERFORMANCE IN LOW % TUMOR

Algorithms used for CN detection require aberration present in >30% of cells
(Changes in allele frequency can be visually appreciated when present in >15-20%)

Data quality a critical determinant in detecting CN changes in low tumor %s

Pleural biopsy (time point #1)

Pleural biopsy (time point #2)
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Establishing Limits of Detection
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At what point is data uninterpretable and/or cause significant interpretative challenges
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Establishing Quality Metrics


