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Abstract 

Introduction: Translocations are among the main genetic events responsible for multiple 

myeloma (MM). Also, in two thirds of MM cases, the presence of Bence Jones proteins is observed. 

The aim of this study was to demonstrate the role that chromosomal abnormalities and Bence-Jones 

proteins play as crucial biomarkers in MM patients. 

Materials and Methods: This retrospective study was carried out at the University Clinic for 

Hematology in Skopje, North Macedonia, between January 2009 and December 2019. MM patients 

were divided into different treatment groups: those younger than 65 years old, without comorbidities, 

and eligible for autologous peripheral blood stem cells (PBSCT) were included in the 

Cyclophosphamide-Thalidomide-Dexamethasone (CyThalDex) protocol group.  

The Melphalan Prednisone Thalidomide (MPT) protocol was used in patients over the age of 

65 who were unsuitable for aggressive treatment options such as PBSCT due to comorbidities and 

renal failure. The third group's treatment did not include new immunomodulators like thalidomide. 

Results: Molecular and chromosomal analyses were performed in 46 MM patients. The 

survival time of patients with MM concerning molecular and chromosome stratification showed that 

20% of them were high-risk [hypodiploid (gain1q, loss1p) Del17p, Del13q, t(11;14) t(4;14) and 

multiple mutations] who survived 60 months, and the median survival time in these patients was 20.8 

months. In patients with MM who had a standard risk, death outcomes were not registered during the 

observation period. Taking into account all MM patients included in our study, Bence Jones proteins 

in the urine were present in 35.8% of patients, while their presence was not observed in 64.2%. The 

percentage difference was statistically significant. 

Conclusion: The use of these critical biomarkers in the clinical background of this disease in 

the future can only be achieved through careful evaluation and validation in clinical trials. 

Keywords: multiple myeloma; chromosomal aberrations; Bence-Jones protein; molecular 

investigation 

 

 

Introduction  

A hematological cancer known as multiple myeloma (MM) is characterized by the growth 

and accumulation of plasma cells that have undergone terminal differentiation in the bone marrow [1].  

Patients with MM may also express atypical plasma cells (also known as myeloma cells) in 

the peripheral circulation [2]. As a primary genetic consequence of chromosomal aberrations, this 

disease develops in a multi-step process from premalignant diseases like monoclonal gammopathy of 

undetermined significance (MGUS) and smouldering multiple myeloma (SMM) [3].  

With the development of novel agents over the past decade, the outcomes of patients with 

MM have significantly improved. The disease does, however, exhibit significant heterogeneity in 

terms of clinical course, presentation, and survival. Translocations are connected to the main genetic 

events responsible for MM [4], including those involving immunoglobulin heavy chains, fibroblast 

growth factor receptor 3 (FGFR3), and cyclin D1. Nearly 14% of MM patients have translocation 
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t(11;14), which results in an up-regulated expression of cyclin D1 (a key molecule in the progression 

of the cell cycles). The translocations t(6;14), t(14;16), and t(14;20), as well as the well-known 

translocation t(4;14) linked to FGFR3 overexpression, were also found to be associated with MM [5].  

Bence-Jones protein (BJP), on the other hand, is a biomarker for multiple myeloma in urine. 

The term "Bence-Jones protein" refers to an uncertain category of proteins with a molecular weight of 

about 22–24 kDa and the recognizable behaviour of precipitating out of solution at temperatures 

between 45 and 58°C. These proteins fall into two distinct identified and studied classes, Kappa and 

Lambda. [6, 7]. Bence-Jones proteins in the urine of patients with multiple myeloma have long been 

detected by this unusual action upon heating [8].  

In target organ manifestations of multiple myeloma like kidney failure, lytic bone lesions, 

anemia, or high numbers of plasma cells in the bone marrow of patients, Bence Jones proteins are 

critical diagnostic markers. In two thirds of cases of multiple myeloma, Bence Jones proteins are 

present [9, 10]. 

The aim of this study was to demonstrate the role that chromosomal abnormalities and Bence-

Jones proteins play as crucial biomarkers in multiple myeloma patients. 

 

 

Materials and methods 

This retrospective study was carried out at the University Clinic for Hematology in Skopje, 

North Macedonia, between January 2009 and December 2019. The cohort group consisted of 296 

newly diagnosed MM patients, 146 (49.3%) of whom were female and 150 (50.7%) were male. 

Patients ranged in age from 31 to 88 (mean age of 62 years). Diagnostic criteria for MM were 

established by the International Myeloma Working Group (IMWG) [11]. Patients were divided into 

different treatment groups based on disease staging (by the IMWG), age, comorbidity status, and renal 

impairment. Patients younger than 65 years, without comorbidities, and eligible for autologous 

peripheral blood stem cells (PBSCT) were included in the Cyclophosphamide-Thalidomide-

Dexamethasone (CyThalDex) protocol group. Only 46 patients had their molecular and/or cytogenetic 

analyses performed. The Melphalan PrednisoneThalidomide (MPT) protocol was used in patients 

over the age of 65 who were unsuitable for aggressive treatment options such as PBSCT due to 

comorbidities and renal failure. The third group's treatment did not include new immunomodulators 

like thalidomide. Salvage therapy, consisting of chemotherapy and corticosteroids, was preferred. All 

patients provided written informed consent prior to the start of the study. All medical history 

information was obtained from the University Clinic for Hematology - patients (from Skopje) record 

database. 

 

Results 

Molecular and chromosomal analyses were performed in 36 MM patients. The highest 

proportion, 41.3%, had a normal result. Hyperdiploidy (standard risk) was found in 13.0% of patients. 

54.3% of patients with normal and hyperdiploid findings had a standard risk.  

Hypodiploidy (high risk), including gain 1q, loss 1p, and del13q, was found in 10.9% of MM 

patients, while t(11; 14) and t(4; 14) were found in 6.5%. Furthermore, only one patient had the del 

17p mutation. It is important to note that 45.7% of MM patients in our study were at high risk (Table 

1). 

Furthermore, we evaluated the survival time of patients with MM in relation to molecular and 

chromosome stratification, and it was found that 20% of them were at high risk (patients with 

hypodiploid (gain 1q, loss 1p), Del17p, Del13q, t(11;14) t(4;14) and multiple mutations) who 

survived 60 months, with a median survival time of 20.8 months. Death outcomes were not recorded 

in patients with MM who had a standard risk during the observation period. The Log-Rank test 

(WW=4.6275, Sum=8.1880, Var=2.0767, Test statistic=3.211191, p=0.00132) revealed a statistically 

significant difference between MM patients at low and high risk. 

Bence-Jones proteins were found in the urine of 35.8% of MM patients in our study, while 

they were not found in the urine of 64.2% of them. The percentage difference was statistically 

significant for p <0.05 (p = 0.0000) (Table 2 and Figure 1) 
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Table 1. Molecular and chromosomal abnormalities in patients with multiple myeloma 

 

Molecular and genetic changes 

N

umber of 

patients 

% Level 

of risk 

N

umber of 

patients 

% 

2. Hyperdiploidy 6 13

,0 

 

Stand

ard 

 

2

5 

 

5

4,3 6. Normal 19 41,3 

1. Hypodiploidy (gain 1q, loss 1p) 

(high risk) 

5 10,9  

 

 

High  

 

 

 

21 

 

 

 

45,7 

3. del 13q 5 10,9 

4. t(11;14) t(4;14) 3 6,5 

5. del 17p 1 2,2 

7. Multiple changes 7 15,2 

Total 46 100,0 Total  46 100,0 

     

   Table 2.  Distribution of ММ patients according to Bence-Jones in the urine 

Bence-Jones proteins Number of patients % 

Negative 190 64.2 

Positive  106 35.8 

Total 296 100.0 

                                         

 

           Figure 1. Distribution (in percentage) of MM patients according to Bence-Jones in the urine. 

Discussion 

Multiple myeloma is a clonal malignancy disease characterized by terminally differentiated 

plasma cells, and it is the second most common hematological malignancy (10% of all hematological 

malignancies) after non-Hodgkin lymphoma, with an increase in incident cases over the last 25 years 

[12]. 
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Until now, an advanced growth of insight has been observed pertaining to genomic and 

molecular characterization of MM, spreading from metaphase karyotyping and Fluorescent In Situ 

Hybridization (FISH) to more strong technologies, such as gene expression profiling (GEP) and next-

generation sequencing (NGS) [13]. The IMWG consensus statement indicates that MM is classified as 

high risk if cytogenetic analysis of bone marrow samples indicates monosomy 13 (-13) or del(13q), 

del(17p), t(4;14), or t(4;16); or if interphase FISH identifies t(4;14), t(14;16), or del(17p) in MM cells. 

FISH identification of the 13/del(13q) condition is not linked to high-risk status.  

However, the primary goal of risk stratification is to predict treatment decisions based on the 

criteria established in the diagnosis of the symptomatic form of multiple myeloma (hypercalcemia, 

anemia, renal dysfunction, and bone lesions). In addition, clinical validation of the routine use of 

FISH markers in prognosis is required.  

The advancement of genomic techniques has resulted in a one-step ahead appreciation of the 

underlying genetic abnormalities of MM, not only at the chromosomal level, but also at the single 

gene level, indicating that multiple myeloma is a sublimate of diseases with a recurrent clinical 

phenotype [3]. 

Using metaphase cytogenetics and FISH, the main genetic abnormalities in MM are 

translocations and trisomies, which frequently involve odd-numbered chromosomes and are found in 

about 40% of patients with some overlap [15].  

The immunoglobulin heavy chain (IgH) gene locus on chromosome 14 (14q32.33) and one of 

the specific partner chromosomes, including chromosomes 4, 6, 11, 14, and 20, are frequently 

involved in key translocations (>90%) in MM. Chromosomes 12 and 8 are less common chromosome 

partners. Primary trisomies are characterized by the presence of odd-numbered chromosomes (3, 5, 7, 

9, 11, 15, 19, and/or 21), indicating a hyperdiploid karyotype.  

Chromosomes 12 and 8 are less common chromosome partners [16]. Primary trisomies are 

characterized by the presence of odd-numbered chromosomes (3, 5, 7, 9, 11, 15, 19, and/or 21), 

resulting in a hyperdiploid karyotype. In general, monosomy of chromosome 13 and del 13q are the 

most common minor MM cytogenetic abnormalities, accounting for 35-40% and 6-10% of patients, 

respectively. Additional abnormalities seen in MM include del 1p, gain 1q, del 17p, and monosomy 

17 [17]. 

Despite the poor prognosis associated with t(4;14), it has been observed that early treatment 

of such patients with a proteasome inhibitor may lead to an improved outcome. Significantly, genetic 

changes are influenced by clinical parameters such as the International Staging System (ISS) and 

serum lactate dehydrogenase (LDH). Patients with t(4;14) and ISS1 and normal LDH, for example, 

are expected to thrive better than patients with t(4;14) and ISS3. The revised ISS is focused on this. 

The revised ISS records deletion 17p, t (4;14), and t (14;16) as cytogenetic abnormalities are thought 

to be associated with high-risk diseases [18]. 

The Bence Jones protein detected in urine is the second most important biomarker for MM, 

but it is no less important than the first. When there is a suspicion of plasma cell disorders, Bence 

Jones proteins should be analyzed.  

Other indications for testing these proteins include hypercalcemia, anemia, renal involvement, 

and bone manifestations in the context of painful lytic lesions and vertebral crushes, as well as long 

bone fractures. BJP is found in the urine of more than 60% of patients with classical myeloma. 

Hyperviscosity symptoms such as headaches, blurred vision, epistaxis, and increased susceptibility to 

infection may also raise suspicion for disorders such as multiple myeloma [19]. Excessive secretion of 

Bence Jones proteins causes tubular obstruction and tubulointerstitial inflammation, resulting in 

tubular nephropathy [20].  

In this regard, kidney failure is a common complication of multiple myeloma. 

 

 

 

Conclusions 

While the disease complexity and diversity continue to make personalized medicine 

challenging for myeloma patients, we believe that the genomic revolution will undoubtedly lead to 

precision medicine in myeloma in the near future. Future studies will only be able to use these key 



Krstevska Balkanov S et al.; The implications of chromosomal abnormalities and Bence-Jones proteins…. 

 

147 

 

biomarkers in terms of clinical background if they are thoroughly evaluated and validated in clinical 

trials. 
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