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مكحتمريغرثاكتعميومدبارطضاوهددعتملايوقنلامرولا:ثحبلافادهأ
ددرتلاةساردلاهذهتللح.مظعلاعاخنيفاهمكارتوةيليسنلاامزلابلاايلاخلهب
يوقنلامرولاىضرميفةيريرسلاصئاصخلاباهطابتراوةيولخلاةيرياغتلاو
.ددعتملا

ـباباصماضيرمنيعبسونيعبسليمظعلاعاخنلاحضنمييقتمت:ثحبلاةقيرط
نيجهتلاتاينقتوةيديلقتلاةيولخلاةثارولاتاينقتمادختسابددعتملايوقنلامرولا
ومنلماعتلابقتسمو،ةليقثةلسلسيعانملارابسملاةعومجملينيبلاروطلانيب
17موسومركللةريصقلاعارذلافذحفذح،"يبفاأما"،"3رافايجفا"
.13موسومركللةليوطلاعارذلافذحو

٪39يفةيعيبطريغةاونطامنأنعةيديلقتلاةيولخلاةثارولاتفشك:جئاتنلا
ةغيصلايئانثناصقنل%28ثودحةبسنتناك.مهصحفمتنيذلاىضرملانم
فشك.)7/72(٪10تناكةيغبصلاةغيصلايئانثطارفإو،)20/72(ةيغبصلا
)4/72(٪6يف)14؛11(لقندوجونعينيبلاروطلانيبنيجهتلاتاينقتليلحت
نمنوناعينيذلاىضرملاطبترا.ضيرم)8/72(٪11يف)14؛4(لقنو
نمديدعلابةيغبصلاةغيصلايئانثطارفإنموةيغبصلاةغيصلايئانثناصقن
نيبريبكقرفدوجوظحول،ريامنلاباكليلحتيف.ثلثتلاوتايداحلأا
داحأو14يغبصلاثلثتلاو)14؛4(لقنـلةيبلسلاوةيباجيلإاتاعومجملا
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Abstract

Objective: Multiple myeloma (MM) is a hematological

disorder involving the uncontrolled proliferation of

clonal plasma cells and its accumulation in the bone

marrow. This study analyzed the frequency, cytogenetic

heterogeneity, and clinical characteristics of patients with

MM.

Methods: Bone marrow aspirates were obtained from 72

patients with MM and evaluated by conventional cyto-

genetics (CCs) and interphase fluorescence in situ hy-

bridization (iFISH) techniques for a panel of probes,

including immunoglobulin heavy chain (IgH)/CCND1,

IgH/fibroblast growth factor receptor 3 (FGFR3), IgH/

MAFB, 13q deletion, and deletion 17p.
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Results: CCs revealed abnormal karyotypes in 39% of the

patients examined. The incidence of hypodiploidy was

28% (20/72) while that of hyperdiploidy was 10% (7/72).

iFISH analysis revealed t(11;14) in 6% (4/72) and t(4;14) in

11% (8/72) of patients. Patients with hyperdiploidy and

hypodiploidy were associated with several monosomies

and trisomies. KaplaneMeier analysis revealed a signifi-

cant difference between positive and negative groups for

t(4;14), trisomy 14, and monosomy 13; this was associated

with a shorter survival time. Cox proportional analysis

identified t(4;14) (P ¼ 0.032), trisomy 14 (P ¼ 0.004), and

monosomy 13 (P ¼ 0.009), as significant factors with haz-

ard ratio of 0.187 [confidence interval (CI): 0.041e0.862],

0.109 [CI: 0.024e0.500] and 0.134 [CI: 0.030e0.600].

Conclusion: In addition to cytogenetic abnormalities,

iFISH analysis revealed significant heterogeneity among

patients with MM. Cytogenetic heterogeneity in patients

with MM should be considered as a major prognostic

marker contributing to the variability of the disease. Our

findings suggest that these abnormalities are independent

prognostic factors.

Keywords: Conventional cytogenetics; Cytogenetic heteroge-

neity; Fluorescence in situ hybridization; Multiple myeloma;

Prognosis

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Multiple myeloma (MM) is a clonal plasma disorder
characterized by the accumulation of malignant plasma cells

in the bone marrow. This disease evolves from premalignant
monoclonal gammopathy of undetermined significance
(MGUS) to smoldering multiple myeloma (SMM) and then
to MM. This disease accounts for 10% of all hematological

malignancies and is the second most common hematological
malignancy.1 MM is a malignant lymphoproliferative
disorder with hypercalcemia, lytic bone lesions, renal

impairment, and anemia with end-organ damage. This is a
heterogenous disease that is mainly characterized by a
spectrum of numeric and structural genetic aberrations. MM

involves two oncogenic pathways; one is the non-
hyperdiploidy pathway (involving translocations of immu-
noglobulin heavy chain locus [IgH]) and the hyperdiploidy

pathway (involving the gain of an odd number of chromo-
somes).2 Metaphase analysis by G banding provides us with
a tool to detect aberrations at the cellular level in 30e50% of
patients in advanced stages than in cases with newly

diagnosed MM.3 In patients with a low proliferative index,
the identification of cryptic anomalies is better detected by
interphase fluorescence in situ hybridization (iFISH) than

by conventional cytogenetics (CCs). iFISH is a more
sensitive method as this technique can facilitate detection
on a cell-by-cell basis using region-specific probes.4
Recent cytogenetic analysis has shown that translocation
involving (IgH) at 14q32, alongwith chromosomes 4, 6, 11, 16,

20, and the gain of chromosomes, are of prognostic impor-
tance in assessing the risk of patientswithMM.5 Translocation
t(4;14), t(14;16), t(14;20), and del 17p, are considered to behigh

risk (HR), while t(6;14) and t(11;14) are considered to have
standard risks for chromosomal abnormality.6 The use a
staging system, along with CCs and iFISH, provides

significant insight into planning treatment strategies and
predicting the outcome of this disease. Hallmark
abnormalities, such as t(11;14), are associated with better
outcomes, while t(4;14), del 17p, and t(14;16) are considered

to be associated with adverse outcomes.7

The survival rate varies from several months to 10 years;
this variation may be due to differences in prognosis, clinical

presentation, and treatment response. Cytogenetics, molec-
ular subtypes, and the clone size, can help us to understand
the individualization and management of an individual’s

treatment. Genetic research is essential in molecular char-
acterization and clinical translation. In the era of novel
agents, treatment strategies vary from one individual to
another based on staging, CCs, and iFISH analysis. There-

fore, CCs and iFISH are recommended in the initial diag-
nostic workup of patients with MM.8 The obstinate and
resistant effect on patient treatment may be due to genomic

complexity, and therefore, the role of these abnormalities
in the disease needs to be investigated. In this study, we
comprehensively evaluated the clinical characteristics,

prevalence, and prognostic significance, of recurrent
cytogenetic heterogeneity in association with myeloma
treatment in patients with MM.

Materials and Methods

Patients

Bone marrow samples were acquired from 72 patients with
MM who had been referred to the Department of Oncology,
K.S. Hegde Charitable Hospital. The diagnosis was based on
the InternationalMyelomaWorkingGroupCriteria (IMWG).

Of the 72 patients, seven of them had relapsed MM. The
Institutional ethics committee approved the study. Bone
marrow was harvested in a heparin vacutainer and used for

cytogenetic analysis following the morphological diagnosis of
MM using bone marrow aspiration smears. All patients pro-
vided informed and written consent.

Conventional cytogenetics

An appropriate sample based on WBC count was added

to 5 ml of Marrow Max media (Gibco, USA). For 24e48 h,
the culture was incubated and then treated with 100 mL of
KaryoMAX colcemid (0.08 mg/mL, Gibco), followed by
hypotonic solution (KCl, 0.075 M) and Carnoy’s fixative

(methanol/acetic acid 3:1). The fixed pellet was then dropped
onto slides and aged overnight at 60 �C. The GTG banding
was performed using 0.05% trypsin and 1% Giemsa stain.

Twenty well-banded spreads were captured using an
Olympus BX53 microscope (Olympus, Tokyo, Japan) and

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1: Clinical and laboratory characteristics.

Characteristics

Age (years), mean � SD 61.31 � 8.67

Sex, male, n (%) 42 (58%)

Sex, female, n (%) 30 (42%)

ISS Staging, n

I/II/III/undetermined 18/26/23/5

R-ISS Staging, n

I/II/III/undetermined 23/19/26/5

IgG/IgA/undetermined 55/12/5

Light chain type, n, kappa/

lambda/undetermined

42/25/5

Plasma cells in bone marrow

<10% 13

10e25% 21

>25% 38

Serum albumin (g/dL)a 3.52 (1.1e5.2)

Serum globulin (g/dL)a 3.65 (1.43e14.43)

Serum calcium (mEq/L)a 9.05 (5.4e16.8)

Creatinine (mg/dL)a 1.1 (0.44e6.99)

Sodium (mEq/L)a 135 (124e142)

Potassium (mEq/L)a 3.4 (2.74e40.4)

Alkaline phosphatases (U/L)a 94 (31e1136)

Hb (g/dL)a 9.5 (4.9e15)

TLC � 109a 6.2 (1.1e78.1)

ESR (mm/h)a 59.5 (3e150)
Platelet count � 109a 209.5 (32e504)

ESR, erythrocyte sedimentation rate; Hb, hemoglobin; TLC,

total leukocyte count.
a Median (range).

Cytogenetic heterogeneity in multiple myeloma1140
analyzed using GenASIs software (Applied Spectral Imag-
ing, Edingen e Neckarhausen, Germany). The results were

interpreted in accordance with the International System of
Human Cytogenetic Nomenclature (ISCN 2013).9

FISH

iFISH analysis was performed on fixed pellets using
probes targeting IGH/CCND1, IGH/FGFR3, IGH/MAFB,

and RB1and P53 (Wuhan HealthCare Biotechnology) to
detect t(11;14) (q13;q32), t(4;14) (p16;q32), t(14;20)
(q32;q12), del(13q14), and del(17p13), respectively. The
pellet and 10 mL of the probe were added to the hybridization

area. The pellet and probe were co-denatured at 88 �C for
2 min and hybridization overnight at 45 �C. One hundred
interphase nuclei were scored and signals were visualized

using an OLYMPUS BX53 Fluorescence microscope
equipped with DAPI and fluorescein isothiocyanate (FITC)
and Texas Red filters. Metaphase and interphase nuclei were

scored and the signals were captured using FISH View image
Acquisition software (GenASIs, Applied Spectral Imaging).
The results were interpreted according to the International

System of Human Cytogenetic Nomenclature (ISCN 2013).9

Statistical analysis

To test the difference and association between groups, we
performed Fisher’s exact test for categorical variables.
Overall survival was defined from the time of diagnosis until

death. The distribution of survival times was estimated using
the KaplaneMeier, test and differences between groups were
determined using the log-rank test. Cox regression analysis

was used to evaluate the association between overall survival
and cytogenetic events. The hazard ratio and confidence in-
terval (CI 95%) were also determined. The patients were
divided into four categories based on the therapy received:

(a) chemotherapy, (b) chemotherapy and radiotherapy, and
(c) stem cell transplantation. A P-value of <0.05 was
considered statistically significant. Statistical analysis was

performed with IBM SPSS (Statistical Package for the Social
Sciences) statistical tool version 22.

Results

Patient clinical characteristics

The mean age of patients was 61.31 � 8.67 years. Males

were affected to a greater extent (42 patients 58%) than fe-
males (30 patients 42%). The male to female ratio was 1.4
(42/30).

The proportion (%) of bone marrow plasma cells and

other clinical details are summarized in Table 1.
The International staging system (ISS) and Revised In-

ternational Staging System (R-ISS) were used to stratifyMM

patients.6,10

Conventional metaphase cytogenetics

A total of 72 patients with MM were enrolled in this
study. Of these, 40 patients (56%) had a normal karyotype
while and 28 (39%) cases had an abnormal karyotype. Due
to the inability to analyze metaphase, four cases (5%) were

defined as culture failure. Of the abnormal cases, 20 patients
(71%) were hypodiploid cases (17 hypodiploid and three
pseudodiploid), seven (25%) were hyperdiploid cases, and

one patient had interstitial deletion of chromosome 16
(Figure 1). Two hyperdiploid cases also had gains in
structural rearrangements, such as the inversion of 1p and

duplication of the 3q region. The common missing
chromosomes among all hypodiploid karyotypes were
chromosome 9, 12, 13, 16, 18, 20, 21, 22, and Y. Gain of
chromosomes 5, 8, 15 and 19 were the most common

manifestations (Figure 2).
iFISH results

Chromosomal analysis by iFISH showed no abnormality

in 44 of the MM cases (61%) and abnormalities in 28 cases
(39%). Hyperdiploid and hypodiploid groups were typically
characterized by trisomy and monosomy. Of the 72 cases,

IgH translocations were detected in 12 patients (17%), tri-
somy in 16 patients (22%) and monosomy in 13 patients
(18%). Seven patients (8%) had only IgH translocations
without trisomy and monosomy, 12 patients (17%) had only

trisomy, and six patients (8%) had only monosomy. Four
patients (6%) had both IgH translocations and trisomy,
while six patients 6(8%) had both IgH translocations and

monosomy.



Figure 1: Representative image for hyperdiploid and hypodiploid karyotypes. (a) 55, XX, þ1, þ3, þ5, �6, þ7, þ9, þ11,

�12, þ13, þ15, þ17, þ19, t(21;21), þ3mar. (b) 32, XY, �2, �5, �9, �10, �11, �12, 12, �13, �13, �16, �19, �20, �21, �Y. (c) 46, XX,

del(16) (q12q22).

Figure 2: Bar graph showing the gain and loss of chromosomes.
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Figure 3: (a) Image of IgH translocation with and without trisomies. (b) Image of IgH translocation with and without monosomies.

Cytogenetic heterogeneity in multiple myeloma1142
t(4;14) was the most common primary IgH translocation
detected in eight (11%) of all cases analyzed. Of these, six

patients (8%) were found without trisomy while two patients
(3%) had trisomy. Three patients (4%) were without
monosomy, while five patients (7%) had monosomy. t(11;14)

was detected in four patients (6%) of all cases analyzed. Two
patients (3%) were shown to have trisomy and two patients
(3%) had trisomy. One patient (1%) had monosomy while
three patients (4%) did not have monosomy (Figure 3). No

deletions were evident in any of the cases, although
monosomy 13 was detected in 12 patients (43%).
Monosomy 17 was detected in one patient while trisomy 17

was detected in two cases (Figure 4).
Figure 4: iFISH pattern of (a) cell showing 2 fusion, 1 green and 1

red signal indicating (11;14) (q13:q32) positive. (b) Cell showing 2

fusion, 1 green and 1 red signal indicating t(4;14) (p16;q32) posi-

tive. (c) Cell showing 3 green signals indicating trisomy of chro-

mosome 14. d) Cell showing 3 red signals indicating trisomy 11. (e)

Cell showing 1 green and 1 red signal indicating monosomy 13. (f)

Cell showing 3 green and 3 red signals indicating trisomy 17.
Survival analysis

The median follow-up duration from the time of diag-
nosis until the last follow up for the total number of pa-

tients was 11.3 months with a range of 1e43.06 months
(Figure 5). Out of the 72 MM cases, 35 patients (49%)
received only chemotherapy; this included both VTD

(bortezomib, thalidomide and dexamethasone) and VCD
(bortezomib, cyclophosphamide and dexamethasone).
Sixteen patients (22%) received both chemotherapy and

radiotherapy, and 11 patients (15%) underwent stem cell
transplants. The therapeutic patients of 10 patients
(14%) was unavailable.

The abnormalities included with and without t(4;14)
(p16;q32) (median OS: 10.93 vs 12.14 months: P ¼ 0.014),
trisomy 14 (median OS: 9.09 vs 11.78: P ¼ 0.0003), tri-
somy 17 (median OS: 7.59 vs 11.78: P ¼ 0.0047), mono-

somy 13 (Median OS: 10.14 vs 12.09: P ¼ 0.020). No
significant difference was detected for t(11;14) (q13:q32)
(median OS: 14.07 vs 10.93, P ¼ 0.143) and trisomy 11

(median OS: 17.06 vs 10.98, P ¼ 0.063). KaplaneMeier
OS estimates of cytogenetic abnormalities are given in
Figure 6.
Figure 5: KaplaneMeier plot for overall survival of the total

cohort.



Figure 6: KaplaneMeier plot for overall survival estimation.

Table 2: Cox regression model for cytogenetic abnormalities, overall survival and hazard ratios.

Parameters Hazard ratio 95% CI P

Age, �61 vs <61 years 2.08 0.487e8.920 0.322

Sex 2.33 0.470e11.622 0.300

Serum albumin �3.52 vs <3.52 g/dL 2.76 0.558e13.72 0.213

Serum globulin �3.65 vs <3.65 g/dL 0.425 0.082e2.200 0.308

Serum calcium �9.05 vs <9.05 mEq/L 0.432 0.101e1.843 0.257

Creatinine �1.1 vs <1.1 mg/dL 0.266 0.052e1.350 0.110

Sodium �135 vs <135 mEq/L 2.804 0.659e11.927 0.163

Potassium �3.40 vs <3.40 mEq/L 1.135 0.217e5.938 0.881

(continued on next page)
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Table 2 (continued )

Parameters Hazard ratio 95% CI P

Alkaline phosphatases �94 vs <94 U/L 0.403 0.081e2.000 0.266

Hb � 9.5 vs <9.5 g/dL 2.499 0.554e11.278 0.234

TLC � 109 �6.2 vs <6.2 � 109 1.582 0.354e7.080 0.548

ESR �59.5 vs <59.5 mm/h 1.937 0.370e10.127 0.433

Platelet count � 109 �209.5 vs <209.5 � 109 2.549 0.494e13.157 0.264

t(11;14) (q31;q32) 0.468 0.080e2.750 0.401

t(4;14) (p16;q32) 0.187 0.041e0.862 0.032*

Trisomy 11 0.310 0.069e1.404 0.129

Trisomy 14 0.109 0.024e0.500 0.004**

Monosomy 13 0.134 0.030e0.600 0.009**

Cox regression hazard regression analysis test was done. P< 0.05 was considered to be significant (*P< 0.05, **P< 0.01). Bold digits in the

table represents significance level *P < 0.05, **P < 0.01.

ESR, erythrocyte sedimentation rate; Hb, hemoglobin; TLC, total leukocyte count.

Cytogenetic heterogeneity in multiple myeloma1144
Multivariate analysis

Cox regression analysis showed that t(4;14) (p16;q32),
trisomy 14, and monosomy 13, had significantly worse
overall survival rates. Of the clinical parameters, sodium and

albumin had the highest hazard ratio (2.80 and 2.76,
respectively). Of the cytogenetic abnormalities, t(11;14)
(q31;q32) and trisomy 11 had the highest hazard ratio (0.46

and 0.31), respectively. No significant differences were
detected for the other parameters (Table 2).
Discussion

Cytogenetic changes are considered a hallmark feature
of most malignancies, including MM. CCs and iFISH are

the most frequently used techniques to identify genetic ab-
errations in patients with MM. However, despite their
diagnostic and prognostic significance, these techniques

also have certain limitations. In a few cases, CCs cannot be
performed due to the low proliferative index of mitotic cells.
Unlike CCs, iFISH is a highly sensitive technique that ap-
plies to cells in both metaphase and interphase. We aimed to

study the prevalence and association between clinical pa-
rameters and their prognostic significance in patients with
MM.

The mean age of all patients recruited in the study was 61
years (range: 42e75). IgG isotype and Kappa chain light
chain (LC) were higher than other isotypes and LC. In the

present study of 72 samples, CCs was successfully carried out
in 94% (68/72) of samples. The prevalence of cytogenetic
abnormalities was 39% (28/72). This frequency was com-
parable with that described in previously published

work.1,7,11 Most genetic abnormalities were detected in
patients whose bone marrow aspirate had a plasma cell
burden of more than 25%.

In the present study, most cases showed numerical ab-
normalities; only one patient had structural abnormality.
The abnormal karyotypes were further classified into

hyperdiploidy, non-hyperdiploidy and pseudodiploidy based
on the number of chromosomes present; hypodiploidy was
the most common condition.

In this study, 26% of cases had a hyperdiploid karyotype;
this was similar to the report published by Aras et al.12
Hyperdiploidy is characterized by the typical gain of an
odd number of chromosomes and has been demonstrated
to be an excellent prognostic marker.

Chromosomes 5, 8, 15, and 19 were the most common
gains among the hyperdiploidy group. Our study showed
higher survival rates in the hyperdiploidy group than in the
non-hyperdiploidy group, although this was not statistically

significant. Numerous gains were evident in the hyper-
diploidy group, including trisomies 3, 7, 9, 15 and 19; these
patients tended to have more prolonged survival than non-

hyperdiploidy patients.13

Patients with hyperdiploid MM are known to have better
survival rates than patients with non-hyperdiploid MM.14

Loss of chromosomes 9, 12, 21, and Y were common in
cases of hypodiploidy. However, the frequency of
hypodiploid karyotype was higher in our study.
Hypodiploid myeloma is known to have a clinically

aggressive phenotype. Several studies have suggested that
hyperhaploidy and hypodiploidy are associated with worse
outcomes.

In a previous study, Soekojo et al. used conventional
karyotyping to evaluate HR patients when FISH analysis
was unavailable; this study showed patients with non-

hyperdiploid myeloma had the worst outcomes which led
to a worse OS in stage II R-ISS patients.15 The loss of sex
chromosomes in males and females is known to be related

to aging. However, the loss of the Y chromosome in MM
leads to genomic instability.16 In our study, we observed
the loss of the Y chromosome (10.9%) and X chromosome
(2.7%). Loss of the X and Y chromosomes has a

prognostic significance in MM.
In this study, we detected one case with interstitial dele-

tion of chromosome 16. This frequency was very low in our

population when compared with other studies. The partial or
deletion of 16q is associated with worse overall survival.
WWOX (WW domain-containing oxidoreductase gene) and

CYLD are two genes associated with del(16q) and are
responsible for disease outcome.17

The rapid identification of abnormalities can be per-

formed using specific target region probes by iFISH.We used
t(11;14), t(4;14), t(14;20), del (13q) and del(17p) as probes for
FISH. The most common translocation was t(4;14); this was
found in 11% (8/72) of all cases analyzed; a previous study

reported that the frequency of this translocation was 11e
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15%.18 We found that t(4;14)-positive patients had a shorter
median overall survival than negative patients. Furthermore,

sub analysis of t(4;14) showed that monosomies were addi-
tional abnormalities for this translocation; thus, this was
considered as a HR prognostic marker.19,20 t(11;14) was

detected in 6% of patients (4/72); this frequency was lower
than that reported in the literature.21,22 Sub-analysis
showed that t(11;14)-positive patients carried additional

chromosomal aberrations such as trisomies and mono-
somies. t(11;14) is regarded as standard risk; however, co-
existence with other lesions can be considered a HR prog-
nostic marker.23

t(14;20) is considered as a rare translocation. This trans-
location was not detected in our study; however, this is
regarded as a poor prognostic marker.

Monosomies and trisomies are the results of hyper-
diploidy and non-hyperdiploidy and were detected by both
CCs and iFISH analysis. In a previous study, trisomy 11 was

detected in 15% of all cases and was reported as recurrent
cytogenetic aberrations in MM.24,25 Trisomy 11 and trisomy
14 were the most common trisomies observed, with trisomy
11 being a typical chromosomal gain.

In the current study, we classified abnormalities into sole
IgH translocations, those with both translocations and tri-
somies, and then those with monosomies and translocations.

Of all IgH translocations, most of the translocations were
sole abnormalities and were not associated with either tri-
somies or monosomies. In MM, trisomies are the earliest

abnormalities to form, these are then followed by trans-
locations and monosomies.14,26 In our study, the frequency of
trisomy 17 was observed in 3% of cases; this was

comparatively low when compared with other reports. This
suggests that during the progression of the disease, the
prevalence of trisomy 17 increases. Trisomies result from an
increase in copies of a few chromosomes; thus increasing

the copy number of gene loci mediating drug sensitivity,
thereby signifying the impact of trisomies on gene
expression, gene dose-effect, and survival outcom-es.27,28

Monosomy 13 was one of the most common abnormal-
ities and was detected in 50e60% of MM cases by iFISH. In
our study, monosomy for chromosome 13 was common,

followed by monosomy 17. No cases of RB1(13q14) deletion
were detected using either of these techniques. Monosomy 13
is considered an important prognostic factor in the diagnosis

ofMM.Monosomy 13 and 17 represent late events occurring
during the progression of MM. The presence of these specific
aberrations suggests the aggressive feature of this disease.5

Most t(4;14) patients also possessed monosomy 13 as an

additional cytogenetic abnormality. Kalff and Spencer
previously hypothesized that chromosome 13 abnormality
precedes t(4;14) during pathogenesis.29

We did not find any association between age and gender
with cytogenetic abnormalities. No significant association
between clinical characteristics and cytogenetic abnormal-

ities was observed. We observed that certain cytogenetic
anomalies exerted influence on OS. The OS of patients with
abnormal cytogeny detected by iFISH had a significantly
shorter survival than patients with normal results. The me-

dian OS of the study was 11.3 months. Patients who were
positive for t(4;14), trisomy 14, trisomy 17, and monosomy
13 had a shorter OS survival. There was no significant
difference in OS between t(11;14)-positive and -negative
patients. A considerable difference between patients who

were positive or negative for t(4;14), trisomy 14, and
monosomy 13 was observed, thus suggesting that these ab-
normalities can be used as good prognostic markers.

M-Smart risk stratification guidelines from the Mayo
clinic have suggested the existence of double hit myeloma
(with two HR genetic abnormalities) and triple hit myeloma

(with three HR abnormalities).30,31 Only one case in our
study had double hit myeloma with two HR abnormalities.

In a previous study, Abdallah et al. showed that patients
with IgH translocations might benefit from proteasome in-

hibitors (PIs) and that patients with trisomy have a better
response to immunomodulatory drug (IMD) combinations.4

Irrespective of treatment modality, the deletion of 17p is

considered an inferior outcome.32

This study has several limitations that need to be
considered. For example, the study had a small sample size

and no plasma cell enrichment prior to tests. CD138 labeling
for plasma cell enrichment is also highly recommended to
increase the rate of abnormality detection. Thus, studies on
larger sample sizes should now be conducted to investigate

the clinical significance of heterogeneity among patients with
MM.

Conclusion

Our findings demonstrate the importance of both CCs

and iFISH in elucidating diverse chromosomal aberrations
in association with the clinical features of patients with MM.
Although iFISH is a highly sensitive technique, both CCs
and iFISH increase the detection rate of abnormalities.

Therefore, CCs and iFISH are effective tools for identifying
and detecting abnormalities. Identifying heterogeneity
among individuals will help us to plan treatment strategies

and target potential factors in patients with MM. Even
though the life expectancy of patients with MM has
increased with new modes of treatment, relapse is still com-

mon. Therefore, it is essential to detect different anomalies
during the initial diagnostic workup.

We also found that different abnormalities can act as

individual prognostic markers, thus providing evidence that
MM is a group of cytogenetic anomalies; these findings ac-
count for the known variability of this disease.
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