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Abstract

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

Methods: Samples received for SPEP from 2017 to 2023 were analysed. Patients with abnormalities
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, detecting cytogenetic abnormalities 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%).

Conclusion: The 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 evaluating 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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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 the disease course and
treatment response (4). Several key abnormalities are routinely studied due to 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): Loss of the TP53 gene located on chromosome 17p is a major high-risk abnormality,
strongly linked to more 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: Deletion of 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/amplification of CKS1B on 1g21: Amplification of the 1921 is seen in up to 40% of
MM cases and is associated with worse outcomes, increased relapse rates, and shorter
survival (8). t(14;20) and t(14;16): these rare translocations are observed in 1-2% and 5-10%
of MM patients, respectively, and are considered high-risk features that lead to poorer
prognosis and shorter overall survival (9). These acquired cytogenetic abnormalities in MM
samples are considered as “known biomarkers” which assist in evaluating prognosis and
determining how well a patient may respond to therapy. The importance in forecasting
prognosis and informing therapy, these cytogenetic abnormalities are being considered 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).

Specific recommendations for performing FISH in myeloma by The European Myeloma
Network aims to build a proper understanding of the pathogenesis of Myeloma and to provide
standard approaches using specific Probes to establish a common cytogenetic biomarker for
diagnostic work-up and there by classifying the disease into subgroups with prognostic and
predictive outcomes (13).

Despite significant recent developments in the detection and therapy of MM, the disease
remains highly heterogeneous, with variable clinical outcomes based on genetic and
molecular abnormalities. Understanding the genetic profile of MM is critical for tailoring
treatment strategies and improving patient outcomes. While 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
data regards same is limited in 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 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.
Cytogentic analysis was carried out at 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 standardized FISH protocol
which included probe addition, co-denaturation at 75°C for 2 minutes, and hybridization at
37°C using Euroclone. Post hybridization washes at 72°C, followed by dehydration in ethanol
series and DAPI addition. 200 nuclei are analysed using BXS53F Olympus fluorescent
microscope and digital imaging.

FISH Probe Specifications from XCyting FISH Probes of MetaSystems

1. IGH BA:- Orange-labelled probe partly binds to constant region of the IGH locus at
14932.3 and a green-labelled probe hybridizing to the variable distal region of the
IGH locus at 14q32.3 (Fig 1).

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 (Fig 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 (Fig
3).

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
1623 (Fig 4).

5. DLEU/LAMP:- Orange-labelled probe binds to the DLEU1/MIR15A/MIR16-1 gene
region at 13q14.2 including D13S319 and a green-labelled probe hybridizing to the
LAMPI gene region at 13q34.

6. TP53/NF1 :-Orange-labelled probe binds to the TP53 gene region at 17pl3 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
14g32.3 and an orange-labelled probe hybridizing proximal to the MAFB gene region
20q12.

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 by 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).

Genetic Abnormalities Detected: 200 interphase cells were analysed for each of the probe
applied. Among the 68 MM patients with FISH data, 67.6% exhibited cytogenetic
abnormalities. The most common abnormality was the IGH break-apart (54.5%), followed by
TP53 deletion. Further FISH analysis on positive cases with IGH break-apart, t(4;14), and



t(14;20) translocations were observed to be more evident. Additional findings included
monosomy 13/deletion 13q and monosomy 14/deletion 14q32.2 (table 2).

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 is linked
to 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
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 a 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. 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 have reported that TP53
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. t(4;14) Translocation (14.7%): The
translocation t(4;14), 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) were 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. t
(14;20) Translocation (7.4%): Although t(14;20) is considered a rare 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 a shorter overall survival Fonseca et al (14). 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 in the future with mutational and gene-



expression profiling, 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. The 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.

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
ona larger population case with MGUS, SMM and Multiple MM is recommended.
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Table 1. Distribution of electrophoretic and genetic findings

Parameter Number of patients | Percentage (%)
Total patients evaluated by
SPEP 50 o
Confirmed cases of MM 100 12.5
Patients w1j[h FISH data 68 68
available
Patients with cytogenetic 46 67.6

abnormalities




Table 2. Prevalence of genetic abnormalities in MM

International Myeloma

. . Frequency Society/International Risk
~Genetic Abnormality (%) Myeloma Working Group | stratification
(IMWG) (10).
40% of MM can be defined
IGH- break-apart
IGH rearrangement are always . .
IGH break-apart 43 associated with either t(4;14) or High Risk
t(6;14) or t(14;20) or t(11;14)
or t(14;16)
. 23.5 . .
TP53 deletion 80% High Risk
40% of IGH-Break-apart are
t(4;14) translocation 14.7 followed with High Risk
t(4;14) (p16; q32)
40% of IGH-Break-apart are
t(14;20) translocation 7.4 followed with High Risk
t(14;20)(q32; q12),
. All most all cases will have 13q Standard
Monosomy/Deletion 13q 59 deletion Risk
Monosomy/deletion 14q32.2 4.4 BR cliggeletior of IGH gene High Risk

on 14q32.2




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.



Figure 2. t(11;14) MYEOV/IGH DF is designed as a dual fusion probe. The orange labelled probe
hybridizes to region 11q13 including CCND1, 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



Figure 4. t(14;16) IGH/MAF DF consists of a green-labelled probe hybridizing to the
IGH gene region at 14932.3 and an orange-labelled probe hybridizing to the
WWOX/MAF gene region at 16g23. Nuclei showing fusion signals for t(14;16)
translocation.



