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Diagnosis of haematological neoplasms

Laboratory data Clinical data

Flow cytometry
IHC

Genetic study

Cytology
Conventional cytogenetics

Molecular biology/Sequencing
Fluorescence In Situ Hybridisation

Genomic arrays

Diagnosis Prognosis Clonal 
marker Treatment
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Akkari et al., Blood, 2022

Cytogenomic techniques



What can we detect using Genomic arrays

Josep Carreras Leukaemia Research Institute

• Gain/loss: Type of copy-number change observed. It is recommended that the 
term “gain” be used rather than “duplication.”

• CNAs (copy number alterations)

• Copy-neutral loss of heterozygosity (CN-LOH): Allelic imbalance without an 
associated copy-number change. Uniparental disomy (UPD) should be used 
when the change is germline. 

• Amplification: High copy-number gain of sequences, typically containing 
oncogene(s). Standard thresholds used to represent amplification typically 
range from 3–5 fold increases over >100 copies

• Chromothripsis

• Intrachromosomal complexity

• Genomic complexity



Genome view

Data analysis: copy number

Gain Loss
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Data analysis: Proportion of tumoral cells

Chromosome view



Application of arrays to hematological neoplasms

European recommendations and quality assurance for cytogenomic analysis of haematological neoplasms

Rack et al., Leukemia, 2020



Application of arrays to hematological neoplasms

European recommendations and quality assurance for cytogenomic analysis of haematological neoplasms

Rack et al., Leukemia, 2020



• Hematologic cancers with copy number alterations:

MDS: gains and losses and LOH (IPSS-R and IPSS-M)

CLL: FISH of 11q, 12, 13q and 17p

Myeloma: copy number alterations

ALL: copy number alterations such as:

AMP21, hyperdiploid, Near haploid or tetraploid cases 
originated from haploid

Non  useful: cases with balanced rearrangements:

- AML, NHL, MM… cases with translocations….

When apply SNP arrays in hematologic cancers
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• Complementary technique to Cytogenetics and FISH

• Could not replace Cytogenetics and FISH:

• no detection of del(11q) and del(17p) in cases with low tumoral burden

Puiggros et al., Leukemia and Lymphoma, 2012

Josep Carreras Leukaemia Research Institute

Application of arrays in CLL



Application of arrays in MDS
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• Most aberrations in MDS are gains (+8) and losses (5q-, -7, 7q-, 11q-, 12p-, 
i17q, 20q-…

• Translocations are very rare (less than 1%)



Normal by cytogenetics and 
microarrays
Altered by cytogenetics and 
microarrays

Application of arrays in MDS

Blood, 2011



n=62 (56 MDS, 4 CMML, 2 RAEB-t)

50% altered by SNP arraysIPSS and IPSS-R application
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Without cytogenetic result
we could not apply
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Application of arrays in MDS

In MDS cases without cytogenetic result it
is recommended to apply SNP arrays. 
This could be also useful for patients with
normal karyotype

Without cytogenetic result
we could not apply
IPSS, IPSS-R nor IPSS-M 



Exemple 2 MDS

Gen Chr Tipo de 
variante

Cambio de 
secuencia

Cambio de 
aminoácido

VAF (%)

DX S1 S2 P

SF3B1 chr2 Cambio de 
aminoácido c.A2098G p.K700E 46 34 35 42

TET2 chr4 Ganancia de 
stop c.C2746T p.Q916X 39 37 43 49

TET2 chr4 Ganancia de 
stop c.G5620T p.E1874X 38 27 40 46

EZH2 chr7 Cambio de 
aminoácido c.G2051A p.R684H 79 56 73 90

CUX1 chr7 Deleción tipo 
frameshift c.2390delA p.Q797Rfs*11 58 73 92

Suspected ROH in 7q  SNP-A
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Chr. 7 No copy number alterations but….

Exemple 2 MDS



Josep Carreras Leukaemia Research Institute

Chr. 7q with CN-LOH at 7q (copy neutral LOH)

Exemple 2 MDS



Other alterations:
• Insterstitial deletions that reveal fusions: P2RY8-CRLF2; EBF1-PDGFRB (Ph-like), or

fusions at PAX5, PAX5 AMP, iAMP21, etc. 
• t(9;22) o t(1;19)
• Hyperdiploidies

Report the followng genetic alterations:
• Hypodiploidy
• IKZF1 and CDKN2A/B
• TP53 (17p-)

High risk genetic changes (to be transplanted):
• Rearrangement of MLL (KMT2A)

• ALTERATIONS DETECTED BY SNP ARRAYS:
• Deletions of IKZF1 or CDKN2A/B
• TP53 biallelic (deletion + mutation or LOH)
• Low hypodiploidy in patients >35 YO

Josep Carreras Leukaemia Research Institute

Application of arrays in ALL



Application of arrays to ALL

n=31 B- ALL patients at first relapse, and
21 paired diagnostic samples analyzed
by MLPA and SNP-A

4.2 months

9.7 months

Relevance of poor prognosis CNA:
- Patients harboring biallelic losses of

CDKN2A/B at 1st relapse are more
prone to presenting a 2nd relapse

- Patients with TP53 deletion showed
higher deletion burden at relapse

The relapsed clone is already present at 
diagnosis as a minor subpopulation usually 

not detected by conventional methods

These subclones, selected by therapeutic 
pressure, have survival advantages

Ribera et al., GCC, 2017



Guidelines: report recommendations

 Only CNAs >5Mb interpreted as abnormal, in order to reduce the detection of 
benign constitutional variants

 CNAs <5Mb when they encompass known tumoral related genes

 Focal CNA in T-cell receptor or immunoglobulin genes should be excluded

 Interpretation of CN-LOH needs to take into account: the size, level of mosaicism, 
the location (interstitial vs. terminal) and/or consanguinity. Studies showed that
only large streches of CN-LOH (>10Mb) extending to the telomeres and/or in 
mosaic state could be considered as acquired. Otherwise, should be stated as 
“CN-LOH of uncertain origin”

 Plots from arrays containing SNPs may provide information regarding subclonal
populations and ploidy level. Visual inspection and manual review is mandatory

 Guidelines for referring clinicians: application of copy number arrays does not
detect methylation anomalies or mRNA and microRNA expression
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To sum up

 Application SNP arrays in cases where the main genetic changes are copy
number alterations:

 CLL: four FISH probes or just a single array? Cost effective technique

 ALL: to detect CNA and to detect hyperdiploid, hypo haploid, … and 
alterations of known prognostic paper

 MM: hyperdiploid or hypodiploid cases, and also detect loss of 17p or LOH 
of 17p (TP53)

 MDS: 
 cases with normal karyotype
 Cases without mitosis and then we could apply IPSS-R and IPSS-M
 Detection of del(17p) or LOH at 17p. Multi hit status of TP53 (Bernard 

et al., 2021)

 To complement NGS studies in cases with suspected LOH

Josep Carreras Leukaemia Research Institute



CYTOGENETICS

ARRAYS
PCR

FISH

Last 10 years

What is the Genetic Technique of the Future?
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What is the Genetic Technique of the Future?

NGS

NGS

NGS

Near future

CYTOGENETICS
ARRAYS
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What is the Genetic Technique of the Future?

11 March, 2021
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What is the Genetic Technique of the Future?
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Karyotype

To conclude: What should we do?

Apply in all cases

IPSS-R (MDS)
CPSS (CMML)
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FISH
Karyotype

To conclude: What should we do?

Apply in all cases

IPSS-R (MDS)
CPSS (CMML)

Apply in selected cases
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Sequencing

FISH
Karyotype

Arrays

To conclude: What should we do?

Apply in cases
wih normal CG or
without mitosis

Apply in all cases

IPSS-R (MDS)
CPSS (CMML)

Apply in selected cases
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ArraysSequencing

FISH
Karyotype

Arrays

To conclude: What should we do?

Apply in cases
wih normal CG or
without mitosis

Apply in all cases

IPSS-R (MDS)
CPSS (CMML)

IPSS-M (MDS)

Apply in selected cases

Start to introduce
Sequencing
(panel of genes)

Josep Carreras Leukaemia Research Institute



Índice

CG FISH ARRAYS NGS

All techniques have their part to play...

CONSIDERATIONS: What should we do?

Josep Carreras Leukaemia Research Institute



Institut Català d’Oncologia:
• Isabel Granada
• Adela Cisneros
• Neus Ruiz

Institut de Recerca contra la 
Leucèmia Josep Carreras:

• Jordi Ribera
• Pamela Acha

Thank you!
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Thank you!
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• Chromothripsis: A copy-number profile that has alternating copy states in a 
single region—typically a single chromosome or chromosome arm—that 
contains at least ten distinct alternating copy-number segments 

• Intrachromosomal complexity: Summary of chromosomal regions that 
include more than two copy-number states, and contain at least five distinct 
copy-number segments

• Genomic complexity: Pattern of chromosome instability predominantly due to 
structural alterations resulting in widespread gains and losses of chromosomes 
or chromosomal regions in the majority of chromosomes

Specific terms

Josep Carreras Leukaemia Research Institute



Maciejewski J et al. Application of Array-based Whole Genome Scanning Technologies 
as a Cytogenetic Tool in Hematologic Malignancies. Br J Haematol 2009;146(5):479-88

Comparative cytogenetic techniques

Balanced
lesions
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Exemple 1 MDS
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Exemple 1 MDS
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49,XX,+8,+15,+21
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Akkari et al., Blood, 2022
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• Gain/loss: Type of copy-number change observed. It is recommended that the 
term “gain” be used rather than “duplication.”

• CNAs (copy number alterations)

• Copy-neutral loss of heterozygosity (CN-LOH): Allelic imbalance without an 
associated copy-number change. Uniparental disomy (UPD) should be used 
when the change is germline. 

• Amplification: High copy-number gain of sequences, typically containing 
oncogene(s). Standard thresholds used to represent amplification typically 
range from 3–5 fold increases over >100 copies

Specific terms
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• LOH: loss of heterozygosity

Describes the fact that heterozygosity (previously present in that 
region) has been lost. It happens in deletions and can also happen 
without a change in the copy number

• AOH: absence of heterozygosity

Describes the observation, at a specific time, that there is no 
heterozygosity. It happens in deletions and can also happen without a 
change in the copy number

• ROH: runs of homozygosity / LCSH: long contiguous stretch of
homozygosity / CN-LOH: copy neutral loss of heterozygosity

Specific term for homozygosity without copy number alteration. It does 
not apply for hemizygous deletions

Genomic arrays – regions of homozygosity

Josep Carreras Leukaemia Research Institute



Compatible with hypodiploid karyotype with
endorreduplication

False hyperdiploid case

Hyperdiploid: Good prognosis
Hypodiploid: Poor prognosis

Josep Carreras Leukaemia Research Institute

Exemple 3: ALL-B



Recomendations:
Single page (if it is possible)
Specify lmitations
If QC  is not correct, analyse with caution

Our reports
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Mikhail et al., Genetics in Medicine, 2019

MDS
del(5q) Tier 1A
CN-LOH 7q Tier 1B
+21 Tier 2

Guidelines: report recommendations



Resources
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aCGH aCGH + SNP SNP

Genomic arrays - types

• CN probes: oligonucleotides

• Competitive hybridization: 
tumoral DNA vs. control DNA

• SNP probes (2xSNP)
• CN probes: oligonucleotides

• Detection through a restriction
enzyme specific for each SNP

• Competitive hybridization: 
tumoral DNA vs. control DNA

• SNP probes (2xSNP)
• CN probes: oligonucleotides

• Detection by fluorescence
intensity

Josep Carreras Leukaemia Research Institute



Genomic arrays. Advantages and Disadvantages

aCGH aSNP

Advantages
Robust platform: good coverage and resolution

"Custom" design

Two-colour hybridisation (1 array) 

BACs: “home-made” design
ROH detection

Disadvantages
BACs: low resolution and 

specificity (co-hybridisation)
One-colour hybridisation (2 arrays)

Sealed platform
Interpretation becomes more tedious as array resolution increases

Choice of array depends on the study to be performed

Josep Carreras Leukaemia Research Institute



Application of arrays to hematological neoplasms
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Strategy for cytogenetic study: Past / Present

Conventional 
Cytogenetics

Altered Normal No 
metaphases

FISH

Information on 
1 loci



Conventional 
Cytogenetics

Altered Normal No 
metaphases

Information on 
the whole
genome

Arrays
FISH translocations (ALL)

Strategy for cytogenetic study : Present / Future

ALL



Application of arrays to ALL

CN-LOH observed for diploid chromosomes in masked hypodiploid
cases, consistent with duplication of the hypodiploid clone

Deletions Amplifications

Doubling of either a low-
hypodiploid or a near-haploid clone
results in an apparently high-
hyperdiploid karyotype, which is
often misclassified for risk

Holmfeldt et al., Nature Genetics, 2013



Application of arrays to ALL

n=1,211 pediatric oncology patients

132 CNA with SNP-A that demonstrated a
structural rearrangement and indicated an
associated gene fusion event

1/3 of hematologic cases and in <10% of
the solid tumor cases, the observed CNA
stemmed from a gain or loss of the
derivative chr associated with a
translocation

CNA gains in 12p and 21q with
breakpoints in ETV6 and RUNX1 were
consistent with a duplication of the
der(21) in an ETV6-RUNX1 fusion

t(12;21)

Busse et al., GCC, 2017



2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics Expression Genomics

Internal 60 78 169 116 6 129 50 128 102 219 12 280 0 8 94 100 0 178 0 138

External 0 5 0 4 0 178 0 328 0 327 0 772 0 1045 8 658 0 899 40 547

Total 60 83 169 120 6 307 50 456 102 546 12 1052 0 1053 102 758 0 1077 40 685

Total 143 289 313 506 648 1064 1053 860 1077 725
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• Samples per year:

•SNP arrays:

•Diagnosis:

•MDS

•ALL

•Prenatal  and post natal

•Research:

•Expression arrays

Josep Carreras Leukaemia Research Institute

Unit of Microarrays in IJC



Application of arrays in ALL

Mejor caracterización citogenética de LAL-T y LAL-B: 29% de los casos
información importante para la estratificación del riesgo

n= 296 ALL cases:

67% of T-ALL
91% of B-ALL

alteraciones >5Mb o 
mejor caracterización

Olsson et al., GCC, 
2018
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Akkari et al., Blood, 2022
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Application of arrays in CLL

CNA with prognostic value

ROH with prognostic value
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Application of arrays in MM
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Exemple 2: ALL-B
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Imagen extraída del Atlas de genética y 
citogenética en Oncología y Hematología
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Exemple 2: ALL-B
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Exemple 3: ALL-B

LOSS GAIN 
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