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Abstract

Background: Multiple myeloma (MM) is a blood cancer characterized by the uncontrolled growth Article History

of plasma cells in the bone marrow. It typically develops from monoclonal gammopathy of
undetermined significance (MGUS), which can progress to smoldering myeloma and eventually to
symptomatic disease. Diagnosis is primarily established using serum protein electrophoresis (SPEP),
immunofixation electrophoresis (IFE), and free light chain (FLC) testing. Additionally, fluorescence
in situ hybridization (FISH) plays a crucial role in identifying genetic abnormalities that influence
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disease course and prognosis. This study aims to evaluate the prevalence of electrophoretic and
genetic abnormalities among patients referred for serum protein electrophoresis, with a focus on
cytogenetic abnormalities detected by FISH in confirmed MM cases.
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Methods: Samples received for SPEP from 2017 to 2023 were analysed. Patients with abnormalities
In Situ Hybridization, Fluorescence

on electrophoresis (Such as distortions or M-spikes) underwent further evaluation, including

immunofixation, free light chain assays, bone marrow examination, and other hematologic
investigations. Confirmed MM cases were referred for FISH analysis to identify common cytogenetic
abnormalities.

Results: Out of 800 patients with electrophoretic abnormalities, 100 were confirmed to have multiple
myeloma. FISH analysis was available for 68 of these cases, and cytogenetic abnormalities were
detected in 67.6% of patients. The most common abnormalities were IGH break-apart (54.5%),
followed by p53 deletion (23.5%), t (4; 14) (14.7%), t (14cvzaQ; 20) (7.4%), monosomy 13 (5.9%),
and monosomy 14 (4.4%).

—CD@
Conclusion: A majority of MM patients showed abnormalities on FISH, with IGH break-apart being
the most frequently detected. These cytogenetic abnormalities provide valuable prognostic
information and can help guide treatment decisions. This study emphasizes the importance of routine
cytogenetic profiling in MM to optimize therapeutic outcomes. Molecular cytogenetic techniques,
especially FISH, are essential tools in the evaluation of suspected multiple myeloma. They play a
pivotal role in detecting genetic abnormalities, guiding treatment strategies, and ultimately improving
patient outcomes.

aggressive disease behavior and poorer patient survival. This
abnormality occurs in 10 - 20% of cases and is a critical indicator of
poor prognosis (6). Monosomy 13 or 13q deletion, involving deletion of

Introduction

Multiple myeloma (MM) is a cancer involving plasma cells - specialized

white blood cells that produce antibodies. The disease is defined by
excessive, uncontrolled growth of a single clone of plasma cells within
the bone marrow. This abnormal expansion results in increased
production of monoclonal immunoglobulins or light chains, which can
ultimately lead to damage in various organs. MM develops from a
precursor condition known as monoclonal gammopathy of
undetermined significance (MGUS), which may progress to smoldering
myeloma and eventually to symptomatic MM (1). It often presents with
bone pain, anaemia, hypercalcemia, and renal dysfunction, but diagnosis
requires specific laboratory evaluations (2). SPEP, IFE, and FLC
analysis are the standard methods for MM diagnosis (3).

In addition, the identification of genetic abnormalities using FISH
has provided valuable information about disease course and treatment
response (4). Several key abnormalities are routinely studied because of
their prognostic implications. These translocations, present in 10 - 20%
of patients, influence prognosis, with t(4;14) associated with poor
outcomes, while t(11;14) has a more neutral risk profile (5). Deletion of
17p (TP53), involving loss of the TP53 gene located on chromosome
17p, is a major high-risk abnormality and is strongly linked to more

chromosome 13 or loss of genetic material at 13q14, is seen in about
50% of MM patients.

Although historically considered a poor prognostic factor, its impact
on outcomes has been overshadowed by other markers (7). Gain or
amplification of CKS1B on 1q21 is observed in up to 40% of MM cases
and is associated with worse outcomes, increased relapse rates, and
shorter survival (8). Translocations t(14;20) and t(14;16) are rare
abnormalities, observed in 1 - 2% and 5 - 10% of MM patients,
respectively, and are considered high-risk features leading to poorer
prognosis and shorter overall survival (9). These acquired cytogenetic
abnormalities in MM samples are considered “known biomarkers” that
assist in evaluating prognosis and determining therapeutic response.
Owing to their importance in prognostic prediction and treatment
planning, these cytogenetic abnormalities have been incorporated into
risk stratification guidelines (10). Cytogenetic methods are essential for
detecting chromosomal abnormalities, studying genome structure, and
identifying genetic disorders and malignancies (11). FISH is a sensitive
molecular cytogenetic technique used to detect chromosomal
abnormalities with high resolution, even at the single-gene level (12).
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Specific recommendations for performing FISH in myeloma by the
European Myeloma Network aim to enhance understanding of myeloma
pathogenesis and to provide standardized approaches using specific
probes to establish common cytogenetic biomarkers for diagnostic
work-up, thereby classifying the disease into subgroups with prognostic
and predictive significance (13). Despite significant recent
developments in the detection and treatment of MM, the disease remains
highly heterogeneous, with variable clinical outcomes driven by genetic
and molecular abnormalities. Understanding the genetic profile of MM
is therefore critical for tailoring treatment strategies and improving
patient outcomes. Although extensive research has identified several
key cytogenetic abnormalities associated with MM prognosis, the
prevalence and distribution of these abnormalities can vary across
populations and geographic regions, and related data remain limited in
the literature.

This study aims to evaluate the prevalence of electrophoretic and
cytogenetic abnormalities in patients referred for serum protein
electrophoresis in our population. Understanding these genetic
abnormalities enables personalized treatment strategies, with high-risk
patients benefiting from more aggressive therapeutic approaches.

Methods

This study is a retrospective study. All serum electrophoresis samples
received between January 2017 and December 2023 in the Department
of Biochemistry at St John’s Medical College were included. A total of
800 patients showing distortions, M-band, or spikes on SPEP were
further evaluated using additional tests, including free light chain
assays, immunofixation, and bone marrow studies.

Cytogenetic analysis was carried out at the Division of Human
Genetics, St John’s Medical College, for patients confirmed with MM.
FISH was performed on whole marrow samples to detect cytogenetic
abnormalities specific to MM, using a comprehensive FISH panel of
probes from Metasystems, Germany. These probes targeted various
genes and chromosomal regions implicated in MM, such as the IGH
break-apart probe on 14q32.3 and TP53 on 17p13.

FISH probes were applied on fixed cell suspension following a
standardized FISH protocol, which included probe addition, co-
denaturation at 75°C for 2 minutes, and hybridization at 37°C using
Euroclone. This was followed by post-hybridization washes at 72°C,
dehydration in an ethanol series, and DAPI addition. A total of 200
nuclei were analysed using a BX53F Olympus fluorescent microscope
and digital imaging.

FISH probe specifications from XCyting FISH probes of
metasystems

1. IGH BA: Orange-labelled probe partly binds to the constant
region of the IGH locus at 14q32.3, and a green-labelled probe
hybridizing to the variable distal region of the IGH locus at 14q32.3
(Figure 1).

Figure 1. Nuclei showing IGH break-apart on 14q32.3. Probe specifications:
IGH BA consists of an orange-labelled probe partly covering the constant
region of the IGH locus at 14g32.3 and a green-labelled probe hybridizing to
the variable distal region of the IGH locus at 14q32.3.

2.t (11;14) MYEOV/IGH DF: Orange-labelled probe binds to the
MYEOV/CCNDI1 gene region at 11q13.3, and a green-labelled probe
hybridizing to the IGH gene region at 14q32.3 (Figure 2).

3. t (4;14) FGFR3/IGH DF: Orange-labelled probe binds to the
FGFR3 gene region at 4p16.3, and a green-labelled probe hybridizing
to the IGH gene region at 14q32.3 (Figure 3).
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Figure 2. t (11;14) MYEOV/IGH DF is designed as a dual-fusion probe.
The orange-labelled probe hybridizes to region 11q13 including CCNDI,
and the green-labelled probe flanks the IGH breakpoint region at 14q32.

Figure 3. Probe specification: t (4;14) FGFR3/IGH DF consists of an
orange-labelled probe hybridizing to the FGFR3 gene region at 4p16.3 and
a green-labelled probe hybridizing to the IGH gene region at 14q32.3.
Nuclei showing extra fusion signals for t (4;14) translocation.

4.t (14;16) IGH/MAF DF: Green-labelled probe binds to the IGH
gene region at 14q32.3, and an orange-labelled probe hybridizing to the
WWOX/MAF gene region at 16923 (Figure 4).

Figure 4. t (14;16) IGH/MAF DF consists of a green-labelled probe
hybridizing to the IGH gene region at 14q32.3 and an orange-labelled probe
hybridizing to the WWOX/MAF gene region at 16g23. Nuclei showing
fusion signals for t (14;16) translocation.

5. DLEU/LAMP: Orange-labelled probe binds to the
DLEUI/MIRISA/MIR16-1 gene region at 13ql4.2, including
D13S319, and a green-labelled probe hybridizing to the LAMP1 gene
region at 13q34.

6. TP53/NF1: Orange-labelled probe binds to the TP53 gene region
at 17p13, and a green-labelled probe hybridizing to the NF1 gene region
at 17q11.2.

7. t (6;14) CCND3/IGH DF: Orange-labelled probe binds to the
CCND3 gene region at 6p21.1, and a green-labelled probe hybridizing
to the IGH gene region at 14q32.3.

8.t (14;20) IGH/MAFB DF: Green-labelled probe binds to the IGH
gene region at 14q32.3, and an orange-labelled probe hybridizing
proximal to the MAFB gene region at 20q12.



Multiple myeloma and abnormalities on FISH

Data from confirmed MM cases and their FISH results were
collected and analysed. Frequencies of cytogenetic abnormalities were
calculated, and correlations between genetic findings and disease
characteristics were assessed using chi-square tests.

Results

Eight hundred patients were evaluated for electrophoretic abnormalities.
Out of these, 100 patients were diagnosed with MM, and 68 of these
underwent FISH testing (Table 1).

Table 1. Distribution of electrophoretic and genetic findings

Parameter Number of patients | Percentage (%)
Total patients evaluated by SPEP 800 100
Confirmed cases of MM 100 12.5
Patients with FISH data available 68 68
Patients with cytogenetic
abnormalities 46 67.6

Genetic abnormalities detected: For each applied probe, 200
interphase cells were analysed. Among the 68 MM patients with FISH
data, 67.6% exhibited cytogenetic abnormalities. The most common
abnormality was IGH break-apart (54.5%), followed by TP53 deletion.
Further FISH analysis of positive cases showed that IGH break-apart, t
(4;14), and t (14;20) translocations were more evident. Additional
findings included monosomy 13/deletion 13q and monosomy
14/deletion 14q32.2 (Table 2).

Table 2. Prevalence of Genetic Abnormalities in MM

. International Myeloma .
Genetic Frequency . . Risk
abnormality (%) Society/International Myeloma stratification
Working Group (IMWG) (10)
40% of MM can be defined
IGH- break-apart
IGH IGH rearrangement are always Lo
break-apart 43 associated with either t (4;14) or High risk
t (6;14) or t (14;20) ort (11;14)
ort(14;16)
TP53 deletion 235 80% High risk
£ (4:14) 40% of IGH-Break-apart are
translc;cation 14.7 followed with High risk
t (4;14) (pl16; q32)
. 40% of IGH-Break-apart are
tr;n(sll‘;’;‘t)i)on 74 followed with High risk
t (14;20) (g32; q12),
Mon(lysomy/ 59 All most all cases will have 13q Standard risk
Deletion 13q deletion
Monosomy/ . . .
deletion 44 Biallelic c(i;le]t:‘otg gfz IGH gene High risk
14¢32.2 422
Discussion

This study demonstrates that a significant proportion (67.6%) of MM
patients exhibit cytogenetic abnormalities detectable by FISH. The most
prevalent abnormality, IGH break-apart, was found in 54.5% of cases.
This abnormality is well-known for its association with MM and has
been linked to unfavorable outcomes in multiple studies. The detection
of TP53 deletion in 23.5% of cases also aligns with existing literature,
as TP53 abnormalities often correlate with aggressive disease and
reduced survival.

Translocations such as t (4;14) and t (14;20), while less common,
were also detected in our cohort. These translocations have been
implicated in high-risk disease and poorer response to conventional
therapies. Monosomy 13 and monosomy 14, although infrequent, may
contribute to disease progression and should be evaluated in larger
studies. Several previous studies have reported similar patterns of
genetic abnormalities in MM, although variations in the prevalence of
specific abnormalities can be observed depending on the population and
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methodologies used. Our finding that IGH break-apart was present in
54.5% of cases is consistent with other studies, which typically report
IGH rearrangements in 40 - 60% of MM patients. Rajkumar et al. found
a prevalence of 50% for IGH abnormalities, which are known to be
associated with poor prognosis and resistance to conventional therapy
(2). Similarly, Fonseca et al. found that IGH translocations were the
most common cytogenetic abnormality in MM, occurring in around
50% of cases, emphasizing its role in MM pathogenesis.

1. TP53 Deletion (23.5%): The prevalence of p53 deletion in our
study (23.5%) is slightly higher compared to some studies, where the
frequency typically ranges between 10 - 20% (14). According to
Amudha et al., the translocations t (4;14), t (14;16), t (6;14), and t
(14;20) showed an association with anemia. The t (4;14) abnormality, in
particular, was linked to elevated serum monoclonal protein levels and
increased plasma cell proliferation. In addition, monosomy 13 has been
correlated with reduced survival and a tendency for progression from
monoclonal gammopathy (15). Other studies, such as Abdallah et al.,
reported that TPS53 deletions were detected in approximately 17% of
MM patients and were strongly associated with advanced disease and
poorer prognosis. This higher percentage in our cohort may reflect a
referral bias of advanced or aggressive MM cases.

2. t (4;14) Translocation (14.7%): The t (4;14) translocation,
detected in 14.7% of patients, is a well-established high-risk feature in
MM. Reported frequencies for this abnormality in other studies range
from 10 - 15%. Similarly, t (4;14) was reported in 15% of their cohort
and noted that this translocation was associated with poor prognosis and
a lower response to standard treatments (16). In contrast, Fonseca et al.
reported a prevalence of around 13%, which further supports our
findings.

3. t (14;20) Translocation (7.4%): Although t (14;20) is considered
arare genetic abnormality in MM, our study found a prevalence of 7.4%.
This is in line with reported frequencies of 5 - 7% in previous studies.
Patients with this translocation are often considered to have high-risk
disease with shorter overall survival (14).

4. Monosomy 13 and 14: The detection of monosomy 13 (5.9%) and
monosomy 14 (4.4%) in our study is consistent with other findings.
Rajkumar et al. found that monosomy 13 occurs in about 15% of newly
diagnosed MM patients and is associated with aggressive disease (2).
However, our slightly lower detection rate may reflect differences in the
specific populations being studied, or the fact that other genetic factors
are now recognized as more predictive of outcomes in MM.

Amare et al. reported that FISH is a valuable and straightforward
technique for detecting a wide range of cytogenetic abnormalities,
providing important insights for disease risk stratification. They also
noted that, when combined with mutational and gene-expression
profiling in the future, FISH could contribute to more precise disease
characterization and help identify actionable therapeutic targets (17).

This study highlights the importance of electrophoretic and genetic
testing in the diagnosis and prognosis of MM. The prevalence of genetic
abnormalities in MM patients, especially IGH break-apart, provides
critical information about disease characteristics and expected
outcomes. Further research is required to explore the therapeutic
implications of these findings, particularly in the context of newer
targeted therapies.

Conclusion

This study, along with previous research, emphasizes the critical
importance of comprehensive cytogenetic profiling in MM patients.
FISH analysis remains a valuable tool for identifying key genetic
abnormalities that can influence prognosis and guide treatment
decisions. Further studies exploring these abnormalities in different
populations and their response to emerging therapies are necessary to
refine prognostic models and optimize MM management strategies. The
prevalence of IGH break-apart and TP53 deletions underscores their
importance as biomarkers for disease aggressiveness and resistance to
therapy. Translocations such as t (4;14) and t (14;20), though less
common, highlight high-risk disease profiles that may benefit from early
intervention with novel therapies. Molecular cytogenetic techniques,
especially FISH, are indispensable tools in the evaluation of suspected
multiple myeloma. They play a pivotal role in the detection of genetic
abnormalities, guiding treatment strategies, and ultimately improving
patient outcomes.
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A limitation of this study is the relatively small sample size. The
samples were analysed using probes that are limited to specific
variations, and therefore, variations not covered by these probes cannot
be detected. The ideal method for such cases would have been the use
of mFISH and SKY. A future multicentric study on cytogenetics
evaluation with electrophoresis on a larger population case with MGUS,
SMM, and multiple MM is recommended.

Acknowledgement

We extend our gratitude to everyone whose contributions have been
invaluable to this study.

Funding sources
It is not applicable.

Ethical statement

Institutional Ethics Committee approval for the study was obtained (IEC
reference number 297/2022).

Contflicts of interest
The authors declare that they have no competing interests.

Author contributions

Amudha Subramaniam interpreted FISH laboratory reports. Saranya Raj
contributed to the selection of laboratory and clinical data. Thashreefa
Olakara reviewed medical records, collected and monitored data,
interpreted results, maintained patient files and the master file, and
drafted the final report. Jayakumari S. contributed to the concept and
design, interpreted laboratory reports (Electrophoresis), monitored data,
performed statistical analysis and interpretation, and drafted the final
report. Veronica Preetha Tilak interpreted FISH laboratory reports.

Data availability statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1. Palumbo A, Anderson K. Multiple myeloma. N Engl J Med.
2011;364(11):1046-60. [View at Publisher] [DOI] [PMID]
[Google Scholar]

2.  Rajkumar SV, Kumar S. Multiple myeloma: diagnosis and
treatment. Mayo Clin Proc. 2016;91(1):101-19. [View at
Publisher] [DOI] [PMID] [Google Scholar]

3. Willrich MA, Katzmann JA. Laboratory testing requirements for
diagnosis and follow-up of multiple myeloma and related plasma
cell dyscrasias. Clin Chem Lab Med. 2016;54(6):907-19. [View at
Publisher] [DOI] [PMID] [Google Scholar]

4. Ratan ZA, Zaman SB, Mehta V, Haidere MF, Runa NJ, Akter N.
Application of fluorescence in situ hybridization (FISH) technique
for detection of genetic Aberration in Medical Science. Cureus.
2017;9(6):e1325. [View at Publisher] [DOI] [PMID] [Google
Scholar]

5. Puertas B, Gonzalez-Calle V, Sobejano-Fuertes E, Escalante F,
Rey-Bua B, Padilla, et al. Multiple myeloma with t(11;14): impact
of novel agents on outcome. Blood Cancer J. 2023;13(1):40. [View
at Publisher] [DOI] [PMID] [Google Scholar]

Cite this article as:

10.

11.

12.

13.

15.

16.

areng~l access X

Campo E, Cymbalista F, Ghia P, Jdger U, Pospisilova S,
Rosenquist R, et al. TPS3 aberrations in chronic lymphocytic
leukemia: an overview of the clinical implications of improved
diagnostics. Haematologica. 2018;103(12):1956-68. [View at
Publisher] [DOI] [PMID] [Google Scholar]

Fonseca R, Oken MM, Harrington D, Bailey RJ, Van Wier SA,
Henderson KIJ, et al. Deletions of chromosome 13 in multiple
myeloma identified by interphase FISH usually denote large
deletions of the q arm or monosomy. Leukemia. 2001;15(6):981-6.
[View at Publisher] [DOI] [PMID] [Google Scholar]

Hanamura I. Gain/amplification of chromosome arm 1q21 in
multiple myeloma. Cancers. 2021;13(2):256. [View at Publisher]
[DOI] [PMID] [Google Scholar]

Schavgoulidze A, Perrot A, Cazaubiel T, Leleu X, Montes L,
Jacquet C, et al. Prognostic impact of t(14;16) in multiple myeloma
according to the presence of additional genetic lesions. Blood
Cancer J. 2023;13:160. [View at Publisher] [DOI] [PMID] [Google
Scholar]

Lu X, Andersen EF, Banerjee R, Eno CC, Gonzales PR, Kumar S,
et al. Guidelines for the testing and reporting of cytogenetic results
for risk stratification of multiple myeloma: a report of the Cancer
Genomics Consortium Plasma Cell Neoplasm Working Group.
Blood Cancer J. 2025;15(1):86. [View at Publisher] [DOI] [PMID]
[Google Scholar]

Shakoori AR. Fluorescence in situ hybridization and its
applications. In: Chromosome Structure and Aberrations. 2017. p.
343-67. [View at Publisher] [DOI] [PMID]

Chester M, Leitch AR, Soltis PS, Soltis DE. Review of the
Application of Modern Cytogenetic Methods (FISH/GISH) to the
Study of Reticulation (Polyploidy/Hybridisation). Genes.
2010;1(2):166-92. [View at Publisher] [DOI] [PMID] [Google
Scholar]

Ross FM, Avet-Loiseau H, Ameye G, Gutiérrez NC, Liebisch P,
O'Connor S, et al. Report from the European Myeloma Network on
interphase FISH in multiple myeloma and related disorders.
Haematologica. 2012;97(8):1272-7. [View at Publisher] [DOI]
[PMID] [Google Scholar]

. Fonseca R, Bergsagel PL, Drach J, Shaughnessy J, Gutierrez N,

Stewart AK, et al. International Myeloma Working Group
molecular classification of multiple myeloma: spotlight review.
Leukemia. 2009;23(12):2210-21. [View at Publisher] [DOI]
[PMID] [Google Scholar]

Amudha S, Drishya R, Veronica PT, Raina M, Mary MA.
Cytogenetics of multiple myeloma. Indian J Genet Mol Res.
2023;12(2):55-8. [View at Publisher] [DOI]

Abdallah N, Rajkumar SV, Greipp P, Kapoor P, Gertz MA,
Dispenzieri A, et al. Cytogenetic abnormalities in multiple
myeloma: association with disease characteristics and treatment
response. Blood Cancer J. 2020;10(8):82. [View at Publisher]
[DOI] [PMID] [Google Scholar]

. Amare PK, Khasnis SN, Hande P, Lele H, Wable N, Kaskar S, et

al. Cytogenetic abnormalities in multiple myeloma: Incidence,
Prognostic Significance, and Geographic Heterogeneity in Indian
and Western Populations. Cytogenet Genome Res.
2022;162(10):529-40. [View at Publisher] [DOI] [PMID] [Google
Scholar]

Subramaniam A, Raj S, Olakara T, S Kumari, Tilak VP. Prevalence of cytogenetic and electrophoretic abnormalities in
patients suspected of multiple myeloma. Med Lab J. 2025;19(X):X. http://dx.doi.org/10.29252/mlj.19.X.X


https://www.nejm.org/doi/full/10.1056/NEJMra1011442
https://doi.org/10.1056/NEJMra1011442
https://www.ncbi.nlm.nih.gov/pubmed/21410373
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Palumbo+A%2C+Anderson+K.+Multiple+myeloma.+N+Engl+J+Med.+2011%3B364%2811%29%3A1046-60&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0025619615008952
https://www.sciencedirect.com/science/article/abs/pii/S0025619615008952
https://doi.org/10.1016/j.mayocp.2015.11.007
https://www.ncbi.nlm.nih.gov/pubmed/26763514
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rajkumar+SV%2C+Kumar+S.+Multiple+myeloma%3A+diagnosis+and+treatment.+Mayo+Clin+Proc.+2016%3B91%281%29%3A101-19.&btnG=
https://www.degruyterbrill.com/document/doi/10.1515/cclm-2015-0580/html
https://www.degruyterbrill.com/document/doi/10.1515/cclm-2015-0580/html
https://doi.org/10.1515/cclm-2015-0580
https://pubmed.ncbi.nlm.nih.gov/26509779/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Willrich+MA%2C+Katzmann+JA.+Laboratory+testing+requirements+for+diagnosis+and+follow-up+of+multiple+myeloma+and+related+plasma+cell+dyscrasias.+Clin+Chem+Lab+Med.+2016%3B54%286%29%3A907-19.&btnG=
https://www.cureus.com/articles/7529-application-of-fluorescence-in-situ-hybridization-fish-technique-for-the-detection-of-genetic-aberration-in-medical-science#!/
https://doi.org/10.7759/cureus.1325
https://www.ncbi.nlm.nih.gov/pubmed/28690958
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ratan+ZA%2C+Zaman+SB%2C+Mehta+V%2C+Haidere+MF%2C+Runa+NJ%2C+Akter+N.+Application+of+fluorescence+in+situ+hybridization+%28FISH%29+technique+for+detection+of+genetic+aberration.+Cureus.+2017%3B9%286%252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ratan+ZA%2C+Zaman+SB%2C+Mehta+V%2C+Haidere+MF%2C+Runa+NJ%2C+Akter+N.+Application+of+fluorescence+in+situ+hybridization+%28FISH%29+technique+for+detection+of+genetic+aberration.+Cureus.+2017%3B9%286%252
https://www.nature.com/articles/s41408-023-00807-9
https://www.nature.com/articles/s41408-023-00807-9
https://doi.org/10.1038/s41408-023-00807-9
https://www.ncbi.nlm.nih.gov/pubmed/36935422
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Puertas+B%2C+Gonz%C3%A1lez-Calle+V%2C+Sobejano-Fuertes+E%2C+Escalante+F%2C+Rey-Bua+B%2C+Padilla+I%2C+et+al.+Multiple+myeloma+with+t%2811%3B14%29%3A+impact+of+novel+agents+on+outcome.+Blood+Cancer+J.+
https://haematologica.org/article/view/8691
https://haematologica.org/article/view/8691
https://doi.org/10.3324/haematol.2018.187583
https://www.ncbi.nlm.nih.gov/pubmed/30442727
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Campo+E%2C+Cymbalista+F%2C+Ghia+P%2C+J%C3%A4ger+U%2C+Pospisilova+S%2C+Rosenquist+R%2C+et+al.+TP53+aberrations+in+chronic+lymphocytic+leukemia.+Haematologica.+2018%3B103%2812%29%3A1956-68.+++&btnG=
https://www.nature.com/articles/2402125
https://doi.org/10.1038/sj.leu.2402125
https://www.ncbi.nlm.nih.gov/pubmed/11417487
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fonseca+R%2C+Oken+MM%2C+Harrington+D%2C+Bailey+RJ%2C+Van+Wier+SA%2C+Henderson+KJ%2C+et+al.+Deletions+of+chromosome+13+in+multiple+myeloma.+Leukemia.+2001%3B15%286%29%3A981-6.&btnG=
https://www.mdpi.com/2072-6694/13/2/256
https://doi.org/10.3390/cancers13020256
https://www.ncbi.nlm.nih.gov/pubmed/33445467
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hanamura+I.+Gain%2Famplification+of+chromosome+arm+1q21+in+multiple+myeloma.+Cancers.+2021%3B13%282%29%3A256.&btnG=
https://www.nature.com/articles/s41408-023-00933-4
https://doi.org/10.1038/s41408-023-00933-4
https://www.ncbi.nlm.nih.gov/pubmed/37880285
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Schavgoulidze+A%2C+Perrot+A%2C+Cazaubiel+T%2C+Leleu+X%2C+Montes+L%2C+Jacquet+C%2C+et+al.+Prognostic+impact+of+t%2814%3B16%29+in+multiple+myeloma.+Blood+Cancer+J.+2023%3B13%3A160.+++&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Schavgoulidze+A%2C+Perrot+A%2C+Cazaubiel+T%2C+Leleu+X%2C+Montes+L%2C+Jacquet+C%2C+et+al.+Prognostic+impact+of+t%2814%3B16%29+in+multiple+myeloma.+Blood+Cancer+J.+2023%3B13%3A160.+++&btnG=
https://www.nature.com/articles/s41408-025-01286-w
https://doi.org/10.1038/s41408-025-01286-w
https://www.ncbi.nlm.nih.gov/pubmed/40533444
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lu+X%2C+Andersen+EF%2C+Banerjee+R%2C+Eno+CC%2C+Gonzales+PR%2C+Kumar+S%2C+et+al.+Guidelines+for+cytogenetic+testing%2Freporting.+Blood+Cancer+J.+2025%3B15%281%29%3A86.&btnG=
https://link.springer.com/chapter/10.1007/978-81-322-3673-3_16
https://doi.org/10.1007/978-81-322-3673-3_16
https://pmc.ncbi.nlm.nih.gov/articles/PMC7122835/
https://www.mdpi.com/2073-4425/1/2/166figureth?id=figure2
https://doi.org/10.3390/genes1020166
https://www.ncbi.nlm.nih.gov/pubmed/24710040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chester+M%2C+Leitch+AR%2C+Soltis+PS%2C+Soltis+DE.+Application+of+modern+cytogenetic+methods.+Genes.+2010%3B1%282%29%3A166-92.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chester+M%2C+Leitch+AR%2C+Soltis+PS%2C+Soltis+DE.+Application+of+modern+cytogenetic+methods.+Genes.+2010%3B1%282%29%3A166-92.&btnG=
https://haematologica.org/article/view/6390
https://doi.org/10.3324/haematol.2011.056176
https://www.ncbi.nlm.nih.gov/pubmed/22371180
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ross+FM%2C+Avet-Loiseau+H%2C+Ameye+G%2C+Guti%C3%A9rrez+NC%2C+Liebisch+P%2C+O%27Connor+S%2C+et+al.+EMN+report+on+interphase+FISH+in+multiple+myeloma.+Haematologica.+2012%3B97%288%29%3A1272-7.+++&btnG=
https://www.nature.com/articles/leu2009174
https://doi.org/10.1038/leu.2009.174
https://www.ncbi.nlm.nih.gov/pubmed/19798094
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fonseca+R%2C+Bergsagel+PL%2C+Drach+J%2C+Shaughnessy+J%2C+Gutierrez+N%2C+Stewart+AK%2C+et+al.+IMWG+molecular+classification+of+multiple+myeloma.+Leukemia.+2009%3B23%2812%29%3A2210-+21.+++&btnG=
https://rfppl.co.in/subscription/upload_pdf/ijgmr-vol.12-no.2-jul-dec-2023.indd-1696928019.pdf
http://dx.doi.org/10.21088/ijgmr.2319.4782.12223.2
https://www.nature.com/articles/s41408-020-00348-5
https://doi.org/10.1038/s41408-020-00348-5
https://www.ncbi.nlm.nih.gov/pubmed/32782240
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abdallah+N%2C+Rajkumar+SV%2C+Greipp+P%2C+et+al.+Cytogenetic+abnormalities+in+multiple+myeloma.+Blood+Cancer+J.+2020%3B10%3A82.&btnG=
https://karger.com/cgr/article/162/10/529/836915
https://doi.org/10.1159/000529191
https://www.ncbi.nlm.nih.gov/pubmed/36780889
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amare+PK%2C+Khasnis+SN%2C+Hande+P%2C+Lele+H%2C+Wable+N%2C+Kaskar+S%2C+et+al.+Cytogenetic+abnormalities+in+multiple+myeloma.+Cytogenet+Genome+Res.+2023%3B162%2810%29%3A529-40.+++&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Amare+PK%2C+Khasnis+SN%2C+Hande+P%2C+Lele+H%2C+Wable+N%2C+Kaskar+S%2C+et+al.+Cytogenetic+abnormalities+in+multiple+myeloma.+Cytogenet+Genome+Res.+2023%3B162%2810%29%3A529-40.+++&btnG=
http://dx.doi.org/10.29252/mlj.19.X.X

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	Data availability statement
	References

