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ABSTRACT
Objective: To evaluate the association of chromosomal translocations in multiple myeloma (MM) detected by Fluorescent In Situ
Hybridization (FISH) and its clinical characteristics.
Study Design: Cross-sectional study.
Place and Duration of the Study: Department of Haematology, Armed Forces Institute of Pathology (AFIP), Rawalpindi, Pakistan,
from February to August 2022.
Methodology: A total of 40 cases of MM were included. All cases were diagnosed using international myeloma working group
(IMWG) criteria. Clinical presentations like bone pain, backache, fatigue, pallor, and weight loss were noted. The workup for myelo-
ma-defining events was done. FISH analysis was done for t (4;14), t (11,14), t (14;16), t (14;20), and del 17p. Data were analysed
using the chi-square test. A p-value ≤0.05 was considered statistically significant.
Results: Out of 40 patients, 8 (20%) were females and 32 (80%) were males. The highest frequency of cases were noted among
males in the age group >60 years and females in the age group 40-60 years. FISH for t (4;14) was positive in 22 (55%) patients, for
t (11;14) was positive in 4 (10%) patients, for t (14;16) was positive in 3 (7.5%) patients, and for t (14;20) was positive in 3 (7.5%)
patients, while for del17p was positive in 8 (20%) patients. Cases with t (4;14), t (11;14), and t (14;20) had bone pain, fatigue, and
backache as the most common presentations. Among the various parameters studied, lytic lesions, beta-2 microglobulin, spike
protein, deranged haemoglobin, TLC, ESR, albumin, and creatinine were significant risk factors in patients who were tested positive
for various mutations.
Conclusion: The FISH technique has brought an immense uprising in the genetic analysis of MM. Among translocations, t (4;14)
and del17p are associated with poor clinical outcomes and prognosis. If the diagnosis of MM is delayed, then an increase in
morbidity and mortality can occur.
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INTRODUCTION

An abnormal proliferation of monoclonal immunoglobulin-pro-
ducing  plasma  cells  in  the  bone  marrow  causes  multiple
myeloma (MM). This haematological malignancy can result in
anaemia, hypercalcemia, osteolysis, osteopenia, and fractures
due to uncontrolled plasma cell proliferation.1 MM is a compara-
tively uncommon cancer and accounts for approximately 1 to
2% of all cancers, and 17% of haematological malignancies. It is
more prevalent among males than females.
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Among different populations of the world, it is relatively higher
among African American descent.2 Annual death attributed to
MM worldwide is approximately 117,000 out of 180,000 cases.3

Patients with monoclonal gammopathy of undetermined signifi-
cance  (MGUS)  are  at  more  risk  of  MM  if  exposed  to  agent
orange.4 Another risk factor is family history. The risk of devel-
oping MM is 3.7-fold higher for persons with a first degree rela-
tive to MM.5

Cases with MM present with symptoms related to the infiltration
of plasma cells into bone or kidney, or other organs. Myelo-
ma-defining events include hypercalcemia, renal insufficiency,
anaemia,  and bone disease.  Non-specific symptoms include
weight loss, backache, and fatigue.6 Other benign causes like
monoclonal  gammopathy  of  undetermined  significance
(MGUS), Walderstrom macroglobulinemia, solitary plasmacy-
toma,  amyloidosis,  and  light  chain/  heavy  chain  deposition
disease should be differentiated from MM.7
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The genetic event concerning the progression of the disease is
important in understanding disease pathogenesis and may then
be used to predict new treatment strategies.8 Genome-wide asso-
ciation study (GWAS) suggested that persons with a common
variation of 3p22.1 or 7p15.3 loci are at a higher risk of devel-
oping MM and with clinically severe disease.9 MM is genomically
very unstable, and it is characterised by translocations involving
the IGH locus located on chromosome 14q32, methylation, hypo-
ploidy or hyperploid, and dysregulation of cyclin D genes. Half of
the cases show IGH translocations, which include recurrent five
chromosomal patterns t (4;11), t (4;14), t (14;16), t (6;14) and t
(14;20).10  In  Pakistan,  data  on  these  translocations  is  very
sparse. So, this study was conducted to determine different trans-
locations of MM using Fluorescent In Situ Hybridization (FISH)
and correlate it with the clinical presentation.

METHODOLOGY
This cross-sectional study was conducted at the Department of
Haematology,  Armed  Forces  Institute  of  Pathology  (AFIP),
Rawalpindi,  Pakistan,  from  February  to  August  2022.  Ethical
approval was obtained from the institutional review board (IRB)
vide  reference  number  (FC-HEM21-13/READ-IRB/22/1292).
After a thorough literature search, a sample size of 36 was calcu-
lated using a WHO calculator, keeping a 5% margin of error, 95%
confidence level, and a prevalence of 2.4%.11 Sampling was done
using the non-probability convenience sampling technique. All
available cases n=40 during the study period were recruited.

Newly  diagnosed  cases  of  multiple  myeloma  (diagnosed
according to the IMWG diagnostic criteria) were included in the
study.12 Exclusion criteria were patients with diagnosed MGUS
and other plasma disorders. Patients already on treatment were
also excluded from the study. Before enrolling all patients, their
written  consent  was  obtained,  and  the  confidentiality  of  the
patients was ensured at all levels.

Detailed history and complete physical examination were done.
Complete  blood  counts  were  performed  on  the  Sysmex
XN-3000. Baseline investigations were carried out. Serum and
urine protein  electrophoresis  and immunofixation were also
done. Each patient was tested for RFTS, serum calcium, serum
albumin, and beta-2 microglobulins. Bone marrow aspiration
and trephine biopsy were done to see plasma cell numbers and
morphology. The diagnosis of multiple myeloma was made as
per the IMWG diagnostic criteria of MM.

Blood or bone marrow samples were analysed for interphase
FISH studies. Probes used for cytogenetic translocation on FISH
were t (4;14), t (6;14), t (11;14), t (14;16), t (14;18), t (14;20),
del17p, 1p32, and 1q21, which affect the FGFR3 gene, upregu-
lates cyclin D1, deregulate c-MAF and MAFB, and inactivate p53
tumour,  respectively.  Suppressor  gene  samples  were
processed by standard methods for culture.

A 3 ml of sample was collected in sodium heparin and 0.5 ml of
blood is added to 7 ml of culture media and incubated at 37OC for
24 hours. After 24 hours, 2.5 ml Colchicine was added and incu-
bated at 37OC for 45 min, then centrifuged, and supernatant was

removed. Distilled water and KCL were added and incubated for
10 min, recentrifuged, and supernatant were discarded. Sample
was fixed with glacial acetic acid. Repeated washings were done.
The slide was prepared with a pellet, fixed with 20 SSC for 2 min
and then with ethanol. The slide was dried and FISH probe was
applied. Denaturation at 74OC for 15 min, hybridisation at 37OC
for 18 hours, then washed with alcohol followed by 10% SSC solu-
tion, counterstained with Dappiz stain and placed at 20OC for 30
min. In each probe set, 500 nuclei were analysed under spectrum
filter using a fluorescence microscope. t (4;14), t (6;14), t (11;14),
t (14;16), t (14;18), t (14;20), 17p/13, 1p32, and 1q21 were used
as fusion probes. The FISH analysis is shown in Figure 1.

Figure 1: FISH analysis. (The orange labelled probes indicate a break-
point at the FGFR3 gene and the green probes indicate a breakpoint at
14q32 proximal and distal to the IGH gene region. One green, one orange,
and two green-orange fusion signals indicate t (4;14)).

Data were entered in Microsoft excel and later analysed using
statistical package for social sciences (SPSS) 21.0. Descriptive
statistics were expressed as mean ± standard deviation (SD)
and categorical data were presented as frequency and percen-
tage. A chi-square test was applied. A p-value ≤0.05 was consid-
ered statistically significant.

RESULTS

Out of the 40 patients, 8 (20%) were females and 32 (80%) were
males. The mean age of patients was 61.00 ±9.716 years. The
highest frequency of cases were noted among males in the age
group >60 years and among females in the age group 40-60
years.

FISH for t (4;14) was positive in 22 (55%) patients, for t (11;14)
was positive in 4 (10%) patients, for t (14;16) was positive in 3
(7.5%)  patients  and  for  t  (14;20)  was  positive  in  3  (7.5%)
patients, while for del17p was positive in 8 (20%) patients.

Cases  with  t(4;14),  t(11;14),  and  t(14;20)  had  bone  pain,
fatigue,  and  backache  as  the  most  common  presentations.
However, cases with del17p were presented frequently with
bone pain, fatigue, backache, and weight loss. Different signs,
symptoms,  and  chromosomal  translocations  were  noted  on
FISH are shown in Table I.
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Table I: Signs, symptoms, and chromosomal translocations noted on FISH using chi-square test.
Signs and Symptoms Chromosomal translocations detected on FISH p-value

t(4;14) t(11;14) t(14;16) t(14;20) del17p
Bone pain, fatigue, and backache 13 (59.1%) 3 (75.0%) 1 (33.3%) 2 (66.7%) 2 (25.0%) 0.461
Bone pain, fatigue, and weight loss 1 (4.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Bone pain, fatigue, backache, and weight loss 3 (13.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 3 (37.5%)
Fatigue, backache, and pallor 2 (9.1%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%)
Bone pain, fatigue, backache, and pallor 1 (4.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Bone pain, fatigue, backache, pallor, and weight loss 1 (4.5%) 1 (25.0%) 0 (0.0%) 0 (0.0%) 1 (12.5%)
Backache, pallor, and weight loss 1 (4.5%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%)
Bone pain, backache, and weight loss 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (33.3%) 2 (25.0%)
*p-value was calculated by using the chi-square test.

Table II: Chromosomal translocations and laboratory parameters studied using chi-square test.
  Chromosomal translocations detected on FISH p-value

 t (4;14) t (11;14) t (14;16) t (14;20) del17p
Family history of
haematological malignancy

Yes 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0.013
No 22 (100.0%) 4 (100.0%) 3 (100.0%) 2 (66.7%) 8 (100.0%)

Platelets count <150 x 109/L 5 (22.7%) 1 (25.0%) 1 (33.3%) 2 (66.7%) 4 (55.0%) 0.437
>150 x 109/L 17 (77.3%) 3 (75.0%) 2 (66.7%) 1 (33.3%) 4 (55.0%)

Lytic lesion on skeleton
survey

Solitary lesion 1 (4.5%) 0 (0.0%) 3 (100.0%) 0 (0.0%) 0 (0.0%) <0.001
Multiple lytic lesion 19 (86.4%) 3 (100.0%) 0 (0.0%) 1 (33.3%) 2
Compression
Fracture

2 (9.1%) 0 (0.0%) 0 (0.0%) 2 (66.7%) 6

Serum beta-2 microglobulin <3.5 ug/mL 0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%) <0.001
3.5-5.5 ug/mL 0 (0.0%) 2 (50.0%) 2 (66.7%) 0 (0.0%) 1 (12.5%)
>5.5 ug/mL 22 (100.0%) 2 (50.0%) 0 (0.0%) 3 7 (87.5%)

Serum albumin <3.5 g/dL 0 (0.0%) 2 (50.0%) 2 (66.7%) 0 (0.0%) 1 (12.5%) 0.002
>3.5 g/dL 22 (100.0%) 2 (50.0%) 1 (33.3%) 3 (100.0%) 7 (87.5%)

ISS stage I 0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%) 0.001
II 0 (0.0%) 1 (25.0%) 2 (66.7%) 0 (0.0%) 1 (12.5%)
III 20 (100.0%) 3 (75 .0%) 0 (0.0%) 3 (100.0%) 7 (87.5%)

Serum M spike <1 g/dL 0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%) 0.013
>1 g/dL 22 (100.0%) 4 (100.0%) 2 (66.7%) 3 (100.0%) 8 (100.0%)

Immunoelectrophoretic
abnormality

IgG 22 (100.0%) 3 (75.0%) 1 (33.3%) 2 (66.7%) 5 (62.5%) 0.007
IgA 0 (0.0%) 1 (25.0%) 2 (66.7%) 0 (0.0%) 2 (25.0%)
Free light chains 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (33.3%) 1 (12.5%)

Serum calcium <11 mg/dL 17 (77.3%) 3 (75.0%) 3 (100.0%) 0 (0.0%) 5 (62.5%) 0.059
>11 mg/dL 5 (22.7%) 1 (25.0%) 0 (0.0%) 3 (100.0%) 3 (37.5%)

Total leukocyte count <11 x 109/L 2 (9.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 6 (75.0%) 0.001
>11 x 109/L 20 (90.9%) 4 (100.0%) 3 (100.0%) 3 (100.0%) 2 (25.0%)

Haemoglobin <10 g/dL 22 (100.0%) 4 (100.0%) 2 3 (100.0%) 8 (100.0%) 0.013
>10 g/dL 0 (0.0%) 0 (0.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%)

Percentage of plasma cells
on bone marrow biopsy

15-30 9 (40.9%) 3 (75.0%) 3 (100.0%) 1 (33.3%) 6 (75.0%) 0.146
31-45 13 (59.1%) 1 (25.0%) 0 (0.0%) 2 (66.7%) 1 (12.5%)
46-60 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (12.5%)

Erythrocyte sedimentation
rate (mm/hr)

51-70 0(0.0%) 0 (0.0%) 2 (66.7%) 0 (0.0%) 0 (0.0%) 0.001
71-90 13 (59.1%) 3 (75.0%) 1 (33.3%) 2 (66.7%) 4 (50.0%)
91-110 9 (40.9%) 1 (25.0%) 0 (0.0%) 1 (33.3%) 4 (50.0%)

Serum creatinine (µmol/L) 30-75 21 (95.5%) 4 (100.0%) 1 (33.3%) 2 (66.7%) 6 (75.0%) <0.001
76-90 1 (4.5%) 0 (0.0%) 0 (0.0%) 1 (33.3%) 2 (25.0%)
91-105 0 (0.0%) 0 (0.0%) 2 (66.7%) 0 (0.0%) 0 (0.0%)

*p-value was calculated by using the chi-square test.

Table  II  showed  that  there  was  a  statistically  significant
difference  (p<0.001)  in  the  lytic  lesion  on  skeletal  survey,
serum beta-2 Microglobulin, serum albumin, ISS stage, total
leukocyte  count,  erythrocyte  sedimentation  rate  (mm/1st

hr), family history of haematological malignancy, serum M
Spike,  Immunoelectrophoretic  abnormality,  haemoglobin,
and serum creatinine (µmol/L) in patients in which chromo-
somal translocations detected on FISH. There was no statis-
tically  significant  difference  (p>0.05)  in  platelets  count,
serum calcium, and percentage of plasma cells on bone
marrow biopsy (Table II).
 

DISCUSSION

Various cytogenetic abnormalities are noted in MM. These
cytogenetic  abnormalities  affect  the  clinical  presentation  of
patients  and  disease  progression.  Cytogenetic  evaluation
helps  in  assessing  the  prognosis  of  patients  with  MM.
Conventional cytogenetic evaluation has been noted to have
a less plasma cell proliferation index, which sometimes led
to culture failure. However, analysis by FISH is more useful
as it does not involve the use of metaphase for analysis so
fewer false negative results are obtained.13  In this  study,
more  cases  belonged  to  the  male  gender  (32.80%)  as
compared  to  females  (8.20%)  with  a  mean  age  of
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61.00±9.716 years. In a retrospective study done by Sultan
et  al.,14  males  were  43  (70.5%),  and  females  were  18
(29.5%). The age of their study population ranged from 34 to
41  years,  with  a  mean  age  of  56.1±12.8  years.  Similar
results were noted by Zaheer et al.,15 and Saeed et al.,16 in
local studies done in Pakistan as in the present study.

In  this  study,  the  most  frequent  translocation  (22.55%)
noted on FISH was t (4;14) followed by del17p (8.20%). A
study conducted by Smol et al., and Kalff et al, to determine
translocations in MM noted a frequency of t (4;14), 11.5%,
and 15%, respectively.12,17 Smol et al, noted del17p as the
highest one (15%). But in current study del17p was second
in  the  list  (8,20%)  after  t  (4;14)12.  Kalff  et  al,  documented
that patients with t (4;14) of MM, when treated with conven-
tional therapies experience median survival of 3 to 4 years.17

They also documented that del17p leads to the inactivation
of p53 and this mutation is independent of t (4;14) transloca-
tion. In the current study, both these mutations were quite
frequent as discussed earlier.

Most of the present study patients with t (4;14) were sympto-
matic and presented with symptoms of bone pain, fatigue,
and backache. Weight loss and pallor were also observed in
a few cases (3.2%), respectively. Patients with del17p muta-
tion  also  had  the  same presenting  complaints.  However,
cases with the other mutations t (11;14), t (14;16), and t
(14;20) were less symptomatic. These presenting symptoms
noted were similar to that noted in other studies.12,17,18

Cowan et al.,1 in a study on MM diagnosis and treatment in
the year 2022, noted that certain mutations detected in MM
patients using the FISH technique are more correlated with
adverse outcomes. They documented that beta-2 microglob-
ulin was high and albumin was low in cases with mutations t
(4;14),  del17p,  and  t  (14;16).  These  findings  are  similar  to
the  present  study.  They  also  documented  that  28%  of
patients  were  with  ISS  stage  1  and  they  have  a  5-year
survival of 82%.1 Higher the stage lesser the 5-year survival
percentage.8 In this study, patients with mutations t (4;14)
and del17p had ISS stage III more frequently than those with
the mutation t (11;14), t (14;20). The mutation t (14;16) is
presented in stages I and II . Byun et al, noted that mutation
t (4;14) presented in stage III which is similar to the current
findings.  They  noted  that  deletion  del17p  presented  with
stage I and II, which is contrary to the present findings.19

In  this  study,  low  serum  albumin  (3.5  g/dl),  high  TLC
(>109/L), and elevated ESR >70 were noted in cases with
mutation t (4;14), t (11;14), and t (11;20) which are similar
to those reported by Kadam Amare et al.20  However, the
contrary  finding is  that  in  this  study,  cases  with  del17p did
not have high TLC, and cases with t (14;16) presented with
normal the albumin levels.

MM of  the  IgG  type  was  noted  in  all  studied  mutations
except t (14;16 ) which had IgA gammopathy. Jesus et al.,

also noted IgG gammopathy in cases with the t (4;14) muta-
tion.21 A similar result was documented by Zaheer et al.15

Artur Jurczyszyn et al. noted IgG gammopathy in t (14;16),22

which is contrary to the present findings.

Fonseca et al.  documented that cytogenetic evaluation in
newly diagnosed cases of MM is mandatory and should be
done using FISH.23 The present authors used the same tech-
nique for the determination of various mutations. But this
study was a single-centred study with time limitations. This
study design did  not  include the controls  too.  Therefore,
multi-centred  studies  with  the  inclusion  of  controls  are
recommended for better generalisation of results.

CONCLUSION

The use of  the FISH technique has brought  an immense
uprising in the genetic analysis of  MM. Among transloca-
tions, t (4;14) and del17p are associated with poor clinical
outcomes and prognosis. If the diagnosis is delayed, then an
increase in morbidity and mortality can occur. Timely and
accurate detection of various mutations using FISH in MM
patients not only has diagnostic importance but also useful
for risk stratification and thus it affects treatment decisions.
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