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Does this profile confirm the histopathological suspicion?

How do we accurately, and appropriately evaluate CN data?
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CN Assessment by Chromosomal Microarrays (CMA)

Clinical

Specimen )
Interpretation

Receipt

Isolation

Labeling

i Hybridization
Fragmentation y Normalization Filtering
Segmentation (thresholding)
BRIGHAM HEALTH

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

(@ BRIGHAM AND

WOMEN'’S HOSPITAL

CN Assessment by Next Generation Sequencing (NGS)

Conversation of fluorescence intensity into individual nucleotide sequence

Flow Cell

Clusters

Workflow for Copy Number Assessment by NGS

Clinical

Specimen .
Interpretation

Receipt

Isolation Library
Fragmentation ¢ Preparation

Capture

Sequencing Data
Normalization

Filtering
(thresholding)

Segmentation
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Isolation
Fragmentation

Isolation
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Workflow for Copy Number Assessment by CMA

Fragmentation ¢ Preparation

Wet-lab Informatic

|
|
|
|
i
|
|

| Clinical
|Interpretation
i
Labeling D . j
. Jata
Hybridication Normilizafion Filtering |
{thresholding) i
Workflow for Copy Number Assessment by NGS :
; Clinical
| Interpretation
|
|
|

Libragy Sequencing Déta

Normalization Filtering

Capture

{thresholding)

Hybridization
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Converting signal to normalized copy number

CMA normalized
uses databases
of commercially-
generated
“normals”;

A Raw sequencing depth

NGS normalized
via internal panel
of normal and/or
with plate-based

Copy Number = 2 x 2”*(Log2 Ratio) controls

Copy number

CN=3
0.6 _ e o 00
CN=2 .*.,%°, Log2 Ratio | Copy Number

0—® ¢ 0@

0 ¢ 04 .C[\l='1. -2(*) 0
- % g 04 .C.Nf(z _1 1
2 e 0° ¢ 0, 0 2
0.6 3

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

Log?2 Intensity
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Converting signal to normalized copy nhumber

Table 1. Predicted Log2 ratio of GAINS(*)

% Tumor Nuclei
[ 100 | 95 | 90 | a5 [N 75 70 60 50 40 30 20 10 0
singlecopy 0.6 057 054 051 048 045 042 036 03 024 018 012 006
twocopy 1.2 114 108 102 096 09 08 072 06 048 036 024 012 0

o

Table 2. Predicted Log2 ratio of LOSSES(*)
% Tumor Nuclei
[ 100 | o5 | 90 [ 85 [N 75 70 60 50 40 30 20 10 0

single copy -1 -0.95 ROI5) -0.85 -0.8 -0.75 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
two copy =2 =19 -1.8 =i|.7/ -1.6 -1.5 -1.4 =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
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Segmentation and Post-Analysis Filtering

Copy Number filter/threshold: establishing threshold to establish which
R R variants can/should be interpreted

-1
13 (i.e. differentiating signal from noise)
5 ©
+005 —— - . 4 .
v ©eg @ :
1 Y )
Probes grouped on
the basis of their :
similarity in 3.
amplitude §
e i
(00 c‘ 5 32
0 by o212
O S =5 PR W

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

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

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.

Genotypes for biallelic SNPs:
NNNNNNNNNNNNANNNNNNNNNNNN

NNNNNNNNNNNNBNNNNNNNNNNNN AA AB BB

Alleles graphically displayed using the following methods,
in which every allele has a value of ‘0.5’

B-Allele Frequency (BAF)
=B/(A+B)

B-Allele Frequency (BAF)

SNPi#1
SNP#2
° SNP#3

3+
o
4
(7]
0

0.5+0.5=1 1 0.5/(0+0.5) = 1

0 °*  0505=0 05 o g.5/(0.5+o.5)=o.
-1 * 0.505=-1 0]° 0/(0.5+0) = 0
BRIGHAM HEALTH Modified with permission from Hutton Kearney “Using Hallmark SNP Patterns” talk
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Visualizing allelic information

® o o @ @ 1
@ O @ o o [ o o O 0
@ @ o @ ] @
-1
B AAABAAUBWIBAUBAASBAUBAUDBAASB
B B B B A B BB BAAAAAUBIBAUBAB
Modified with permission from Hutton Kearney “Using Hallmark SNP Patterns” talk
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Integrating Copy Number and Allelic Profiles

COPY-NEUTRAL

DIsoMIC LOSS GAIN LOSS OF HETEROZYGOSITY
(N T @I TTWET e
& 3
23 -
SE 2
3 4
Possible
Genotypes: AAABor BB AorB AAA,AAB, BBA or BBB AA or BB
1 (1
0 AB(0)
1 i e BB(0)
. BBB (-1.5)
B-Allele 1.0 sa ? (0.56) o
Frequency (BAF) 0.5 . AAB (0.3
=B/(A+B) 0 AR) © AAA (0) (0)

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 (Allelic Difference)

% Cells with LOSS % Cells with GAIN
- o
Alleles has a value of 0.5 § 50% -
50% AAA (1.5)
AA (1.0) L2
@075 .
A(0.5) , | AAB (0.5)
| 0.25. " —
@025 AB (0) o
B(05) | o @om e | BBA(0S)
0075 . BB (-1)
\7'.“_&?25‘ BBB (-1.5)

*Note: absolute values shown does NOT apply for ploidy changes
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Impact of Tumor Purity (B-Allele Frequency)

B-Allele
Frequency (BAF) . s with
o .
-B/(A+B) % Cells with LOSS % Cells with GAIN
—
Alleles has a value of 0.5 » o S
& sow 50%
B (1.0) ) BB (1.0) g BBB (1.0)
— .10 e e - e L0 ———————————————
907 | BBA(0s666)
h AB (0.5) Q055
o eea AAB (0.333)
@025
A(0 7 AA (0 AAA(0
(0) T v © | e (0)

*Note: absolute values shown does NOT apply for ploidy changes
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Case 1:

Log Ratio
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Critical to interpret BOTH copy number an allelic information
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Case 2: ? oligodendroglioma
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Considerations:
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ol (™
Evaluate genome-wide
” profile

? is the genome diploid

What is the tumor purity?
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data quality or missing
- relevant aberrations
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? Are we concerned about

Is there a known genomic
(copy number) signature?




Case 3: ? IDH-wildtype glioblastoma

o

g
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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

normal tumor

-5

=)

[

ot

e s BN vk A

i L

Inferred Copy number for
chr7is 3.6
(i.e. two copy gain)

Inferred Copy number for losses

is 0.8

(suggesting 80% tumor content)
normal tumor

=)

-2
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Case 3: ? IDH-wildtype glioblastoma

r
] N
S -
i . 2 el bl
- e S 745 i A= ey vy I - / -
e A Bl AN g .ul—mm NN'M‘ Aot gl S )‘\J AT A Pbpprod— - /
il lL = Focal, 370 kb amplification

L. of EGFR

sl D 2.2

" . . Focal, 225 kb homozygous deletion
of CDKN2A/2B
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Box 1 Specific terms wed 1o describe single variants or patterns of variant deecied by CMA

*  Sizeflocation of varlant

Focal: Relatively small dhange {typleally less than 5 Mb) that wually contains 2 known or suspected driver cancer gene
Whole arm: (hange thal involves the entire dromosome diort (p) or long (g) amm

Whole dhiro mosome Clange that lnvolves the entire dimm osome

Interstitial: (hange medisted by at lesst two breaks within & dhom csome p or § arm

Terminal: Change that incledes the end of the p or g arm of the dhromosome

Genetics
st st i v ACMG TECHNICAL STANDARD | inMedicine i %
Intragenic: Change that ocours within a single gene

;’, Proximal/distal: Describes 3 position relative (o the centromere and moving outward on the cliromosame por q arm
Technical laboratory standards for interpretation and
reporting of acquired copy-number abnormalities and copy- * Type of variant:
neutral loss of heterozygosity in neoplastic disorders: a joint
consensus recommendation from the American College of Gainflos: Type of copy-number change observed 1t is recommended that the term “gain™ be used rather than
Medical Genetics and Genomics (ACMG) and the Cancer “duplication.” Attempts should be made 1o determine the relative gainfoss in polyplold simples,
Genomics Consortium (CGC) Copy-nunber abnormalities ((NAsk Neoplastle disease-assodated duanges that represent acquired gains or losses of
Fady M. Mikhail, MD, PhD(', Jaclyn A. Biegel, PhD?, Linda D. Cooley, MD, MBA’, cliromotorne siatizhal

Adrian M. Dubuc, PhD®, Betsy Hirsch, PhD®, Vanessa L. Homer, PhD, Scott Newrman, PO, Copy-neutral los of heterozygosity (ON-LOH): Alldic imbalance without an sssociated copy-number change. This 52
Lina Shao, MD, Phi Daynna J. Wolff, PhD” and Gordana Raca, MD, PhD* sotnatic prodess occurring bn tumaors, and terms such as sboence of hete e yosity (AQH), identity by descent (IBD], and

uniparental disomy (UPD) should be used when the change is germline.

Amplification: High copy-number gain of sequences, typleally contalnlig oncogene(s) that are linportant for the cancer
et studied, Note that the term should not be used todescribe a single copy giin of chromosonal material or to describe
gain due o polysomy. Sandard thredvolds wead (o represent amplification typically range from 3-5 fold increases over
baseline ploidy le.g. intrachromosomsl amplification of chromoseme 21 [JAMP21] in B-ALL) to >10{0 copies per penome
leg, MYCN amplified neuroblagoma) and will vary depending on the type of tumor. The laboratory should establisy
specific copy-number threshold cutoffs that will be wed to identify clonally amplified regions by correlating CMA nesulte
1o established methodologles for different tumar types

Chromothripsis: A copy-number profile that has altemating copy states in a single regnu—tqmr_.a]]v asingle chromosomms
or chromosome arm—that contalns at lead ten distinct altemating copy-number segments.™

Intmchmmosemal complexity: Summary of chromosomal regions that indude more than two copy-number states, are
lely conflned toa dogle chimomosome of dhomaosoeme ann, and comain ot least five distinet copy-number segments. 1T
Ainically sxg,mﬁ..am abnormalities I’1.|en 1 or 2) fdll within 3 complex region, they may be eported individualy,
Genomic plexity: Pattern of o bnstabdity pred tly duse to structum] aterstions resulting in
widegpread gains and losses of dwdmosomes or dramosnimal regions in the majorty of duronmosomes.
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Challenges associated with tumor admixture

PDGFRA amplification EGFR amplification

T 4 .
3 3
: . .
0 RFLZ1R44 Loc 0 i £ 'l;l;:\;l-ép;
-1 0114 LMX1 GSK2 : -PD ) -1 : VETM2A EGFR NC‘PF:'I IH;P': 17
:; DCUN1DS USPas FIP1LA CHIg2 KIT KDR NMU  KIAA1211 | REST :; HPWC1 LANCL2 ZNFF13
When should we be concerned regarding subclonal amps?
4 2
3
2 Yoo 1
e R : 0
pere = B o
-1 o cav
2 e MET Thrzaz - 2 DU PRMERT MR WP L )
3 z
295 kb ~3-4x GAIN (LR=1.43) 700 kb GAIN (LR=0.575)
MET (7931.2)
CEP7 (D721)
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Case 4: B-Acute Lymphoblastic Leukemia

k-

— = Y b A, g ™ iy A4 ey dl et ol ! o i, it AT I ) — o Ptk — Ak 0, =Bl A o Mgl
o= WA e WA (At va Wyt oo A Ittty i Ayl m""v"' TE e R oo rw‘

PRTIN

BRIGHAM HEALTH — ' . . o )
BRIGHAM AND -5‘%‘- HARVARD 2021 Molecular Diagnostics: Current Roles in Cancer Diagnosis and Patient Management
HOSPITAL &

WOMEN'S MEDICAL SCHOOL Dubuc AM - Live Advanced Workshop: Copy number by Microarray & NGS




Case 4: B-Acute Lymphoblastic Leukemia
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What causes these changes to the allele peak profile?
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Copy Neutral Loss of Heterozygosity (CN-LOH)

No change in copy number but
apparent alterations in the allele
profile

2 () = &
|

-
o -

\

AN
Somatic regions of CN-LOH are NEVER interstitial; always involve break and extend to telomere

% Cells with CN-LOH
4

AA (1.0) o § AA (L0)

Suggestive of, but not
diagnostic for, an
underlying mutation

AB (0)

Alleles has a value of 0.5

BB (-1)

BRIGHAM HEALTH
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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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Wet-lab Informatic

Clinical
Interpretation

Labeling
Hybridization

Fragmentation Filtering

(thresholding)

Both assays input a set amount of DNA (i.e. DNA normalized irrespective of ploidy...

Diploid-specimen - However due o
Assays normalize |ﬂ[> allelic imbalance (2:1
ratio of alleles) profile

will change

DNA input

Signal intensity for any region of the

genome will be identical
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Case 7: complex profiles
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Case 7: complex profiles

+ BAFIO..1

1. ldentify regions of heterozygosity (suggests copy number is a multiple of 2).
2. Determine if these regions share similar amplitudes

BRIGHAM HEALTH
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% Cells with LOSS
——

o

Case 7: complex profiles

- /%

. S g

o
=}
B

50%

i ’ AA (1.0)

@075
A (0.5)

+ Allele Difference: -1.8... 1.8

@0 AB (0)

B(05) | @0

Oz BB (-1)

+ BAFIO..1

3. Determine if changes in amplitude produce expected change in allele profile

BRIGHAM HEALTH
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+ BAFIO..1

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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D4Z1 (4p11q11) ETV6 (12p13)
5 KMT2A (11g23)

D17Z1 (17p11.1q11.1)

nuc ish(D4Z1x2,D1021x3,
D17Z1x2) [77/100]

nuc ish(KMT2Ax4) [87/100] nuc ish(ETV6x2,RUNX1x4) [84/100]

BRIGHAM]H[«EF?LTH ﬁ 2021 Molecular D c Roles in C: DI d P M
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Case 7: complex profiles

+ BAFIO..1
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Log Copy Ratio
o

Case 8: Genome-wide profiles by NGS

I I

Multiple possibilities can lead to the same allelic profile

« Cutoff

o grate . . i EERA . Bdoad
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Case 9: ?IDH-wt glioblastoma

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

et 4 b AN st A W e Mg ot e gt N‘ ‘
" e L
: -6 -10 13 -14
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Case 9: ?IDH-wt glioblastoma

Pl 4o W’MNMMWW N b Ay 9 et Mg itk ”W*UWWVJW y
i Whpdudary A ‘NTW okl

' V-
19, @88, ana| 28,888, aaa| 21,888, aea| 22, 80808, ana|
User Supplied Track

ClinGen CHWs: Fathogenic Gain Total

C1inGen CHYWs: Fathogenic Loss Total

2.5 Mb gain identified on 22q11.2...
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Incidental Findings

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

A DO A0 7 B 74 // ij
WMWMWWWWMWMMMMWM
'

Does this profile confirm the histopathological suspicion?

How do we accurately, and appropriately evaluate CN data?
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Case 10: 55yo M w ?malignant mesothelioma, biphasic type (sarcomatoid predominant)

\Small ‘gap’ between heterozygous (AB) track suggests ploidy change
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INTERPRETING RESULTS FOR CHROMIOSOME 9

:WMWMWWWWWMMMMWWM :

Copy number and
allele peak
pattern is
reflection of
normal AND
tumor admixure

(i.e., cannot be

separated in
Cytoscan)

~N

Normal Tumor

Thus, four allele pattern

e\,g"\/e}z ° Why four allele peaks ¥ produced
N N
T i
— - — AAA Specific
& & & SNP £ Genotype spacing
B| |Al |A| genotypes BAA < 3 summary (between
Al |B B ‘ ABB < Urg ‘ ‘ allele
- = = 3 peaks)
Al Il |8 ABB << based on
8l 1A A AAB<— @ extent of
B| |B B BBB admixture
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INTERPRETING RESULTS FOR CHROMOSOME 9

Normal Tumor

’ZWMWMWWWWWWMM"W'M

Copy number and
allele peak
pattern is
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normal AND
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(i.e., cannot be

separated in
Cytoscan)
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Bl |A A and 0.7x(B+A) + 0.3(A)

30% tumor
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Al |B B 0.7x(A+B) + 0.3(B)

Bl |A A 0.7x(B+A) + 0.3(A)
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X Why four allele peaks?

Four “outcomes” therefore four
distinct peaks

0.7x(0.5+0.5) + 0.3(0.5)
0.7x(-0.5+0.5) + 0.3(0.5)
0.7x(0.5+(-0.5)) + 0.3(-0.5)

0.7x(0.5+(-0.5)) + 0.3(-0.5)
0.7x(-0.5+0.5) + 0.3(0.5)
0.7x(-0.5+(-0.5)) + 0.3(-0.5)




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

ﬁmMmMWWWWWWWMWWM
\, ,

Copy number and
allele peak
pattern is
reflection of
normal AND
tumor admixure

(i.e., cannot be

separated in

o o ik Cytoscan)
}N Why three allele peaks?

Normal Tumor Y P

N oy Y Thus, three allele pattern produced
\Q\;Q/ \e@ \Q\;Q/ \Q}Q/
TY oY v Specific
(Al (Al (Al (A AAAA AAAA .
ALTAL(ALA SNP g Genotype spacing
Bl |Al |B /Al genotypes BABA— 3 g o, BABA (between
Al [B| |A |B ABAB-—- @ ‘ ABAB - allele
- as o= = # § peaks)
Al lB AllB ABAB-< j s ABAB based on
8l A gl A BABA— © BABA exter_'nt of
Bl |B Bl |B BBBB BBBB admixture

INTERPRETING RESULTS FOR CHROMOSOME 5
(array suggests relative gain of chromosome 5 versus other chromosomes (i.e., chr9))
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pattern is
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Why three allele peaks?

A=0.5;B=-0.5
)

If 70% normal g 7y(A+A) + 0.3(A+A)

0.7x(B+A) + 0.3(B+A)
0.7x(A+B) + 0.3(A+B)

0.7x(A+B) + 0.3(A+B)
0.7x(B+A) + 0.3(B+A)
0.7x(B+B) + 0.3(B+B)

Three“outcomes” therefore
THREE distinct peaks

0.7x(0.5+0.5) + 0.3(0.5+0.5)
0.7x(-0.5+0.5) + 0.3x(-0.5+0.5)

0.7x(0.5+(-0.5))+0.3x(0.5+(-0.5)

0.7x(0.5+(-0.5))+0.3x(0.5+(-0.5))

0.7x(-0.5+0.5) + 0.3x(-0.5+0.50)
0.7x(-0.5+(-0.5)) + 0.3(-0.5+(-0.5)




INTERPRETING RESULTS FOR CHROMOSOME 1
(array suggests relative gain of 1q but different allele pattern than chromosome 5)
W i , : Copy number and
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] | " pattern is
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Al |A 1p has 4 allele peaks

Bl |A (for samereasons as chr9)

Al |B
= = 1q has 4 allele peak pattern in
Al lB the context of a relative gain.
gl A This suggests allelic imbalance
Bl |B (i.e. LOH of 1q in cancer fraction)

INTERPRETING RESULTS FOR CHROMOSOME 1
array suggests relative gain of 1q but different allele pattern than chromosome
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Case 10: Allelic Profile Suggest a Haploid Tumor!
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Sukhov et al., Cancer Genet Cytogenet. 2010 Oct 15;202(2):123-8.
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Intragenic Breakpoints
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The significance, if any, is best evaluated following confirmation of SV
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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 1920 21 22

Copy number change on 7q
partially encompasses MET
?Structural variation

TES cav2 WMET STTOTH ST70T3  ASZH CFTR
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Establishing Limits of Detection

PERFORMANCE IN LOW % TUMOR
t #1)

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
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Establishing Quality Metrics
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At what point is data uninterpretable and/or cause significant interpretative challenges
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