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INTRODUCTION

Conventional karyotyping is the primary test used to detect chromosomal aber-
rations in hematological malignancies. This is useful for detecting numerical aber-
rations and balanced rearrangements [1]. However, karyotyping has limitations, 
such as low resolution, lack of objective parameters to define G-banding patterns, 
and dependence on cell culture efficiency. Fluorescence in situ hybridization 
(FISH) can overcome the limitations of karyotyping. However, FISH can be used 
only for specific chromosomal regions [2].

Chromosomal microarray (CMA) is widely used to detect small copy number 
variants (CNVs) and is primarily recommended for application in germline disor-
ders such as neurodevelopmental disorders and congenital malformations [3]. 
CMA can detect copy-neutral loss of heterozygosity (CN-LOH) using single nucle-
otide polymorphism (SNP) markers, and is applicable for diagnosing imprinting 
disorders [4]. CMA is also applicable to the genetic diagnosis of somatic disorders 
such as hematologic malignancies and lymphomas [5,6]. In this article, we de-
scribe the clinical utility of CMA in the genetic investigation of hematologic ma-
lignancies.

BENEFITS AND LIMITATIONS OF CMA FOR HEMATOLOGIC 
MALIGNANCIES

Recent CMA platforms consist of CNV and SNP markers. The CNV compares 
the scanned data of the sample with the control data, which were obtained using 
hundreds of control individuals [7]. Therefore, the application of a control sam-
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ple is not required, which is required for conventional array 
comparative genomic hybridization (aCGH) [8]. SNP markers 
are complementary to CNV markers and help detect CNVs 
more accurately using B-allele frequencies [9]. A combination 
of CNV and SNP markers can be used to distinguish between 
heterozygous deletions and CN-LOH [10].

The application of CMA to hematological malignancies does 
not require cell culture processing, which is crucial for karyo-
typing and FISH. Therefore, CMA can avoid cell culture bias 
and may have a shorter turnaround time than karyotyping 
[10]. Most CMAs have a higher resolution than karyotyping 
and are much more sensitive for detecting small copy number 
abnormalities (CNAs) with sizes <5–10 Mb [11]. It can also 
discern complex chromosomal abnormalities such as amplifi-
cation, chromothripsis, intrachromosomal complexity, and ge-
nomic complexity [12]. The distinction between the doubling 
of hypodiploid clones of acute lymphoblastic leukemia (ALL) 
and non-hypodiploid ALL can be achieved by CMAs [10].

However, CMA has certain limitations. Generally, balanced 
rearrangements cannot be detected, such as balanced translo-

cations or inversions. The CMA results depend on the propor-
tion of malignant cells in the sample, and has limitations in 
detecting minimal residual diseases (Table 1). This is because 
CMA cannot detect low levels of mosaicism or chimerism with 
a percentage <20% [13]. CMA cannot distinguish between in-
dividual clones, such as stemlines and sidelines either [14]. 
CMA is not recommended for all types of hematologic malig-
nancies [15]. The interpretation of CMA results can be difficult 
for hematologic malignancies compared to germline disorders 
because the public database is limited to somatic CNAs [12].

INDICATIONS OF HEMATOLOGIC 
MALIGNANCIES FOR CMA

All hematological malignancies were not indicated in the 
CMA analysis. Generally, the diagnostic and prognostic bene-
fits of CMA are limited to chronic myelogenous leukemia 
(CML) and myeloproliferative neoplasms (MPN) [15]. How-
ever, CMA can sensitively detect recurrent or novel findings in 
acute myeloid leukemia (AML), myelodysplastic syndrome 

Table 1. Comparison of advantages and disadvantages in cytogenetic tests for hematologic malignancies

Method Advantages                          Disadvantages

Karyotyping - Direct observation of all chromosomal abnormalities
- Can detect balanced translocations

- Low resolution
- Requires cell culture
- Cannot detect small CNAs

FISH - High sensitivity for specific chromosomal abnormalities - Limited to predefined regions
- Requires pre-designed probes

CMA - High-resolution detection of CNAs
- No need for cell culture
- Can detect CN-LOH

- Cannot detect balanced translocations
- Depends on the proportion of malignant cells
- Limited ability to detect low-level mosaicism

FISH, fluorescence in situ hybridization; CMA, chromosomal microarray; CNA, copy number abnormality; CN-LOH, copy neutral loss of heterozygosity.

Table 2. Indications and suggestive findings of hematologic malignancies for chromosomal microarray

Indication Suggestive findings

AML -5/5q del, -7, KMT2A partial tandem dup, 13q CN-LOH, 9q del
MDS -5/5q del, -7/7q del, Trisomy 8, 11q del, 12p del, -13/13q del, 17p del/i(17q), 7q CN-LOH, 11q CN-

LOH, 1p CN-LOH, 1q gain, Trisomy 21
Myeloid/lymphoid neoplasms with eosinophilia 4q12 del (FIP1L1-PDGFRA fusion)
B-ALL -5/5q del, -7/7q del, Trisomy 8, 11q del, 12p del, -13/13q del, 17p del/i(17q), IKZF1 del (7p12.2), ERG 

del (21q22.2), CDKN2A/2B del (9p21.3), ETV6 del (12p13.2), PAX5 del (9p13.2), RB1 del (13q14.2)
T-ALL TCR rearrangements with CNAs, 9q34.1 amp in NUP214-ABL1 fusion, 1p33 del in STIL-TAL1  

fusion, 6q del, CDKN2A/2B biallelic del (9p21.3)
CLL 11q22.3 del (ATM and/or BIRC3), Trisomy 12, 13q14.2 del (MIR15A/16-1), 17p13.1 del (TP53), 

2p12p25.3 gain (MYCN), 9p21.3 del (CDKN2A), Trisomy 19, 6q del, 14q24.1q32.3 del
MM Trisomies of odd-numbered chromosomes, 1q21 gain, -17/17p13.1 del (TP53), 1p del, 14q del, 16q del
Burkitt-like lymphoma with 11q aberrations 11q CNAs

AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; ALL, acute lymphoblastic leukemia/lymphoma; CLL, chronic lymphocytic leukemia; 
MM, multiple myeloma; del, deletion; dup, duplication; amp, amplification; CN-LOH, copy-neutral loss of heterozygosity; CNA, copy number abnor-
mality.
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(MDS), ALL, chronic lymphocytic leukemia (CLL), and multi-
ple myeloma (MM) [11,16-21]. CMA application is recom-
mended as the next step to detect novel findings such as small 
CNAs and CN-LOH, if normal results are obtained at the diag-
nosis or relapse of hematologic malignancies through karyo-
typing and FISH, CMA testing is also recommended as an al-
ternative if the cell culture for karyotyping fails [10]. In ALL, 
some CNAs are indicative of gene fusions, such as 1p33 dele-
tion (STIL-TAL1 fusion) and 9q34.1 amplification (NUP214-
ABL1 fusion), which have diagnostic values (Table 2) [10,12].

LABORATORY STANDARDS AND QUALITY 
ASSURANCE OF CHROMOSOMAL 
MICROARRAY FOR HEMATOLOGIC 
MALIGNANCIES

Validation or verification of testing is required in the labora-
tory before clinical practice of CMA testing is conducted . Dur-
ing the validation process, the accuracy, precision, analytical 
sensitivity, specificity, and reportable range must be estab-
lished. During the verification process applicable to Food and 
Drug Administration-approved tests, the accuracy, precision, 
and reportable range of results must be established using pre-
viously characterized samples. The percentage of abnormal 
cells was determined by a dilution study using samples with 
known copy number changes [13].

The laboratory must establish sample requirements and 
DNA quality thresholds. Generally, the primary recommended 
sample for hematologic malignancy is bone marrow (BM). A 
peripheral blood (PB) sample can be used as an alternative if 
malignant cells are sufficient in the PB [15]. The laboratory 
must establish thresholds for quality control (QC) metrics in 
assay procedures, such as DNA OD 260/280, quantity, and 
PCR product size requirements. The thresholds of data QC 
metrics, such as the median absolute pairwise difference 
(MAPD) and SNPQC, must be established and managed in 
the laboratory [7,13].

INTERPRETATION OF CMA RESULTS FOR 
HEMATOLOGIC MALIGNANCIES

The American College of Medical Genetics and Genomics 
(ACMG) and the Cancer Genomics Consortium (CGC) re-
ported consensus recommendations regarding technical stan-
dards for the interpretation of CNAs and CN-LOH in neoplas-
tic disorders. Interpretation of the CMA results for hematologic 

malignancies was based on a four-tier evidence-based categori-
zation system. This system is similar to the sequence variant 
interpretation standards for somatic disorders and focused on 
the diagnostic, prognostic, and therapeutic significance. Ac-
cording to the evidence level, the CNAs or CN-LOH of the 
CMA results can be classified as Tier 1A/B (strong clinical sig-
nificance), Tier 2 (some clinical significance), Tier 3 (clonal 
variants with no documented association with neoplastic dis-
order), and Tier 4 (benign or likely benign). Under special 
considerations, the germline pathogenic variants associated 
with cancer predisposition are classified as Tier 1A [12].

The interpretation of CMA results for hematologic malig-
nancies can be highly dependent on other clinical informa-
tion, such as clinical/pathologic diagnosis, and other test re-
sults, including karyotyping, FISH, and other molecular analy-
ses. The same cytogenomic aberrations can be classified differ-
ently in different disorders.

Several public databases contain information on somatic 
copy number abnormalities. There is a lack of public data, ex-
cept for the World Health Organization classification of hema-
tolymphoid tumors. The laboratories are recommended to 
manage in-house databases to discriminate between signifi-
cant and normal results. It is also recommended that laborato-
ry standards be established to report incidental findings such 
as suspected germline variants associated with other clinical 
relevance such as constitutional disorders [12,22].

SUMMARY AND CONCLUSION

CMA is widely used in the diagnosis of hematologic malig-
nancies such as AML, MDS, ALL, CLL, and MM. Although 
CMA has limitations in detecting balanced chromosomal rear-
rangements, it exhibits diagnostic utility for detecting small 
CNAs and CN-LOH. The CMA results for hematologic malig-
nancies are clinically significant as diagnostic, prognostic, and 
therapeutic evidence. In Korea, healthcare reimbursements are 
necessary for the clinical application of CMA for hematologic 
malignancies. CMA testing is highly recommended to comple-
ment conventional karyotyping and FISH in various hemato-
logic malignancies. An increase in CMA testing for hematolog-
ic malignancies is expected to provide novel diagnostic and 
prognostic findings for optimizing patient care and treatment.

CONFLICT OF INTEREST

I declare that I do not have any conflicts of interests.



36  Journal of Interdisciplinary Genomics

Journal of Interdisciplinary Genomics 2024;6(2):33-36http://isgm.kr

REFERENCES

1. Balciuniene J, Ning Y, Lazarus HM, Aikawa V, Sherpa S, Zhang Y, 
et al. Cancer cytogenetics in a genomics world: wedding the old 
with the new. Blood Rev 2024;66:101209. doi: 10.1016/j.blre. 
2024.101209. 

2. Zneimer SM, Cytogenetic abnormalities. 1st ed. ChiChester, UK: 
John Wiley & Sons, 2014:3.

3. Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, 
Carter NP, et al. Consensus statement: chromosomal microarray 
is a first-tier clinical diagnostic test for individuals with develop-
mental disabilities or congenital anomalies. Am J Hum Genet 
2010;86(5):749-64. doi: 10.1016/j.ajhg.2010.04.006.

4. Del Gaudio D, Shinawi M, Astbury C, Tayeh MK, Deak KL, Raca 
G; ACMG Laboratory Quality Assurance Committee. Diagnostic 
testing for uniparental disomy: a points to consider statement 
from the American College of Medical Genetics and Genomics 
(ACMG). Genet Med 2020;22(7):1133-41. doi: 10.1038/s41436-
020-0782-9.

5. Ho CC, Naresh K, Liu Y, Wu Y, Gopal AK, Eckel AM. Assessment 
for 11q and other chromosomal aberrations in large B-cell/high-
grade B cell lymphomas of germinal center phenotype lacking 
BCL2 expression. Cancer Genet 2024;284-285:30-3. doi: 10. 
1016/j.cancergen.2024.03.001.

6. Peterson JF, Aggarwal N, Smith CA, Gollin SM, Surti U, Rajkovic A, 
et al. Integration of microarray analysis into the clinical diagno-
sis of hematological malignancies: how much can we improve 
cytogenetic testing? Oncotarget 2015;6(22):18845-62. doi: 10. 
18632/oncotarget.4586.

7. Zahir FR, Marra MA. Use of Affymetrix arrays in the diagnosis of 
gene copy-number variation. Curr Protoc Hum Genet 2015;85: 
8.13.1-8.13.13. doi: 10.1002/0471142905.hg0813s85.

8. Szuhai K. Array-CGH and SNP-Arrays, the new Karyotype. In: Jor-
dan B, ed. Microarrays in diagnostics and biomarker develop-
ment: current and future applications. Berlin, Heidelberg: Spring-
er Berlin Heidelberg, 2012:39-52.

9. Shi J, Li P. An integrative segmentation method for detecting 
germline copy number variations in SNP arrays. Genet Epidemi-
ol 2012;36(4):373-83. doi: 10.1002/gepi.21631.

10. Peterson JF, Van Dyke DL, Hoppman NL, Kearney HM, Sukov 
WR, Greipp PT, et al. The utilization of chromosomal microarray 
technologies for hematologic neoplasms: an ACLPS critical Re-
view. Am J Clin Pathol 2018;150(5):375-84. doi: 10.1093/ajcp/
aqy076.

11. Mitrakos A, Kattamis A, Katsibardi K, Papadhimitriou S, Kitsiou-
Tzeli S, Kanavakis E, et al. High resolution Chromosomal Micro-
array Analysis (CMA) enhances the genetic profile of pediatric B-
cell Acute Lymphoblastic Leukemia patients. Leuk Res 2019;83: 
106177. doi: 10.1016/j.leukres.2019.106177.

12. Mikhail FM, Biegel JA, Cooley LD, Dubuc AM, Hirsch B, Horner 
VL, et al. Technical laboratory standards for interpretation and 
reporting of acquired copy-number abnormalities and copy-
neutral loss of heterozygosity in neoplastic disorders: a joint 

consensus recommendation from the American College of Med-
ical Genetics and Genomics (ACMG) and the Cancer Genomics 
Consortium (CGC). Genet Med 2019;21(9):1903-16. doi: 10. 
1038/s41436-019-0545-7.

13. Shao L, Akkari Y, Cooley LD, Miller DT, Seifert BA, Wolff DJ, et 
al. Chromosomal microarray analysis, including constitutional 
and neoplastic disease applications, 2021 revision: a technical 
standard of the American College of Medical Genetics and Ge-
nomics (ACMG). Genet Med 2021;23(10):1818-29. doi: 10.1038/ 
s41436-021-01214-w.

14. International Standing Committee on Human Cytogenomic No-
menclature, et al. ISCN 2020: an international system for human 
cytogenomic nomenclature (2020). Basel, Hartford: Karger, 2020: 
163.

15. Rack KA, van den Berg E, Haferlach C, Beverloo HB, Costa D, 
Espinet B, et al. European recommendations and quality assur-
ance for cytogenomic analysis of haematological neoplasms. 
Leukemia 2019;33(8):1851-67. doi: 10.1038/s41375-019-0378-z.

16. Wan Mohamad Zamri WN, Mohd Yunus N, Abdul Aziz AA, 
Zulkipli NN, Sulong S. Perspectives on the application of Cy-
togenomic approaches in Chronic Lymphocytic Leukaemia. Di-
agnostics (Basel) 2023;13(5):964. doi: 10.3390/diagnostics130 
50964.

17. Hess B, Kalmuk J, Znoyko I, Schandl CA, Wagner-Johnston N, 
Mazzoni S, et al. Clinical utility of chromosomal microarray in 
establishing clonality and high risk features in patients with 
Richter transformation. Cancer Genet 2022;260-261:18-22. doi: 
10.1016/j.cancergen.2021.10.003.

18. Lejman M, Zawitkowska J, Styka B, Babicz M, Winnicka D, 
Zaucha-Prażmo A, et al. Microarray testing as an efficient tool to 
redefine hyperdiploid paediatric B-cell precursor acute lympho-
blastic leukaemia patients. Leuk Res 2019;83:106163. doi: 10. 
1016/j.leukres.2019.05.013.

19. Stevens-Kroef MJ, Olde Weghuis D, ElIdrissi-Zaynoun N, van 
der Reijden B, Cremers EMP, Alhan C, et al. Genomic array as 
compared to karyotyping in myelodysplastic syndromes in a 
prospective clinical trial. Genes Chromosomes Cancer 2017; 
56(7):524-34. doi: 10.1002/gcc.22455.

20. Mukherjee S, Sathanoori M, Ma Z, Andreatta M, Lennon PA, 
Wheeler SR, et al. Addition of chromosomal microarray and next 
generation sequencing to FISH and classical cytogenetics enhanc-
es genomic profiling of myeloid malignancies. Cancer Genet 
2017;216-217:128-41. doi: 10.1016/j.cancergen.2017.07.010.

21. Berry NK, Dixon-McIver A, Scott RJ, Rowlings P, Enjeti AK. De-
tection of complex genomic signatures associated with risk in 
plasma cell disorders. Cancer Genet 2017;218-219:1-9. doi: 10. 
1016/j.cancergen.2017.08.004.

22. Gonzales PR, Andersen EF, Brown TR, Horner VL, Horwitz J, Re-
hder CW, et al. Interpretation and reporting of large regions of 
homozygosity and suspected consanguinity/uniparental disomy, 
2021 revision: A technical standard of the American College of 
Medical Genetics and Genomics (ACMG). Genet Med 2022; 
24(2):255-61. doi: 10.1016/j.gim.2021.10.004.


