
9. SUMMARY 

 Multiple myeloma (MM) is a hematological cancer in which plasma cells proliferate 

uncontrollably and accumulate in the bone marrow. This causes the appearance of bone 

osteolysis and the presence of monoclonal protein (M - protein) in serum and/or urine. 

Electrophoresis (SPE) and immunofixation (IFE) are analytical techniques that can identify 

the monoclonality and target the M – protein in serum, whereas a common radiological 

examination (X-ray) is used to assess bone changes. 

 Attempts are being made to look for new biochemical markers which could confirm 

the monoclonal nature of the protein and more precisely determine its quantity. It mainly 

concerns of cases characterized by the production of a small amount of M-protein, especially 

when it migrates to the beta-globulin fraction and it is "masked" by other proteins such as 

transferrin. In addition, tests used so far (SPE & IFE) are labor intensive, require a lot of 

experience of the person interpreting the result and are not always unambiguous. 

 High hopes are also placed on newly recognized factors affecting the regulation of 

metabolism in the bone tissue. The assessment of their serum concentration could be 

particularly valuable in the detection and monitoring of diseases and bone destruction. Bone 

lesions examined by the traditional X-ray are underestimated even in 30% of MM patients, 

therefore searching for the new indicators seems to be still a very important issue in this 

group. The X-ray examination is unable to detect early osteolytic leasions developing in the 

bones. The use of more sensitive techniques, i.e. MRI, PET / CT, WBLDCT is not always 

possible to perform due to the high costs, limited availability or contraindications for this type 

of tests. Therefore, identification of the new biochemical markers with high sensitivity and 

diagnostic specificity could provide valuable information allowing early detection of changes 

in bones, as well as prediction of the risk of serious fractures as a complications. Moreover, 

monitoring of changes occurred in bone tissue by X-ray is not neutral for the patient, because 

a large part of the radiation is absorbed by the body, especially in case of repeated 

examination. Currently used bone resorption markers such as β-CTX, NTX, ICTP have some 

limitations which are related to their daily and intra-individual variability, relatively low 

sensitivity and specificity of determinations. 

 The discovery of optimal biochemical markers, which characterize well proteins 

disorders and changes in bone metabolism, would allow their use as simple and quick tests for 

diagnostic purposes. Moreover, these markers can be useful for monitoring the effectiveness 

of treatment and have prognostic importance.  



The purposes of the research were:  

1. Evaluation of the utility of heavy/light chain (HLC) and free light chain (FLC) assays in the 

detection and quantification of M-protein in comparison to electrophoresis and 

immunofixation results. 

2. Analysis of diagnostic utility of bone metabolism regulation markers (activin A, Dkk-1, 

GDF-15) in the assessment of osteolytic lesions for patients with MM. 

3. Evaluation of the association between markers of protein disorders, regulation of bone 

metabolism and clinical-laboratory parameters of the disease. 

4. Analysis of the prognostic value of protein disturbance markers and regulation of bone 

metabolism and their utility in the assessment of treatment effects in patients with MM. 

 

The study involved 78 patients with newly diagnosed MM 

in the Hematooncology and Bone Marrow Transplantation Clinic of the Independent Public 

Clinical Hospital No. 1 in Lublin in the period from November 2013 to April 2016. The study 

group consisted of 39 (50%) men and 39 (50%) women, the median age was 66 years. The 

study included patients who met all the inclusion criteria for the study. The control group 

consisted of 25 healthy people. The control group was matched with age and sex to the study 

group. 

In all patients in the study group detailed medical history of clinical symptoms reported 

prior to diagnosis and physical examination and basic laboratory parameters was assessed. In 

addition, all patients underwent an imaging examination, which included radiological 

evaluation of: cervical, thoracic, lumbar spine, femurs, shoulder, skull and pelvis. In 55 

patients enrolled in the study, a cytogenetic tests were performed using the FISH technique, 

which included changes with unfavorable prognosis, e.g. del17, t (4; 14) and t (14; 16). 

Serum was used as the material in testing. Separation of serum proteins by capillary 

electrophoresis and immunofixation on agarose gels was performed in all patient’s samples. 

Free light chain (FLC) and heavy light chain (HLC) tests of immunoglobulin were performed 

by immunoturbidimetry and immunonefelometric techniques. The indicators of bone 

metabolism regulation (activin A, Dkk-1, GDF-15) were determined in the serum by 

immunoenzymatic method (ELISA), and bone turnover markers (β-CTX and osteocalcin) by 

electrochemiluminescence method. In the selected group of patients, the determinations of 

these indicators were repeated after 4-6 cycles of treatment.  

Statistical analyzes and calculations were performed using GraphPad Prism, MedCalc 

ver. 10.2.0.0 and IBM SPSS Statistics 24.0 



 Simultaneous analysis of calculated HLC Ig'κ/Ig'λ ratio and FLC κ/λ ratio, 

in which at least one of them was abnormal allowed identification of 100% (78/78) of patients 

with the presence of monoclonal protein in the study group. Similar results were obtained 

using the SPE test, IFE together with FLC κ/λ ratio. The HLC test also allowed the detection 

of suppression of polyclonal immunoglobulins of the same isotype (uninvolved - uHLC) in 

91% of patients with M-protein in IgG class and 50% with IgA class.  

In the next stage of the study, a comparative assessment of the M-protein 

concentration determined in the SPE (semi-quantitative evaluation) and in the HLC test 

(quantitative assessment) was made. An insightful analysis which was performed in two 

subgroups, using Bland-Altman charts in patients with the M-protein in IgG- class, showed no 

clear differences in M-protein concentration between the compared methods. In the group of 

patients with M-protein IgA class in the subgroup with low concentration of paraprotein 

significantly higher values were obtained in the HLC test compared to SPE (semi-quantitative 

analysis). In addition, it was found that differences observed in this subgroup depended on the 

M-protein concentration (av difference: 6.7 g/l).   

Statistical analysis of bone metabolism regulation parameters showed that the 

concentration of activin A (p = 0.026), Dkk-1 (p = 0.001) and GDF-15 (p<0.0001) was 

significantly higher in the group of patients with MM compared to the healthy group. In 

addition, an evaluation of the tested markers depending on changes observed in an X-ray 

analysis was performed. Patients with extensive osteolytic lesions were characterized by 

significantly higher concentration of activin A (p=0.042), Dkk-1 (p<0.0001), GDF-15 

(p<0.0001) compared to the group with no osteolytic changes. Using the ROC curves, the 

highest diagnostic utility of Dkk-1 (AUC = 0.816) and the lowest utility of activin A (AUC = 

0.597) have been demonstrated in the detection of osteolytic lesions in patients with MM. 

Considering the severity of the disease according to the ISS, significant differences in 

the following markers: involved/uninvolved (i/u) HLC (p = 0.0009) and i/u FLC (p <0.0001) 

and for Dkk-1 (p = 0.002) and GDF-15 (p <0.0001) between individual groups of patients 

were found. In the case of activin A, there was no significant association (p = 0.14) between 

its concentration and the severity of the disease. 

  Using the Kaplan-Meier survival curves and Cox proportional regression analysis, it 

was observed that the high initial level of the analyzed protein dysfunction factors (i/u FLC or 

i/u HLC) and bone metabolism regulation factors (Dkk-1 and GDF-15) had an adverse effect 

on survival. The multivariate Cox regression analysis showed that the independent and 

unfavorable prognostic factor in the study group was low concentration of albumin (<3.5 g / 



dl) (HR = 2.83, p = 0.033) and high concentration of Dkk-1 (> 2954 pg / ml) (HR = 2.63, p = 

0.036). The estimation of the influence of Dkk-1 values on the prognosis of patients at 

individual stages according to ISS and R-ISS showed that the high concentration of Dkk-1 

significantly worsens prognosis only in stage 3 in both ISS and R-ISS classifications. The 

probability of a 2-year survival were respectively: 83% vs 38% and 80% vs 10%. 

 The application of the HLC test after treatment allowed to detect a significant decrease 

in iHLC concentration and increase in uHLC in patients with CR and VGPR. While in the 

group of patients with PR, partial reduction of iHLC occurred with the low level of uHLC. 

Evaluation of protein disorder markers after treatment showed that in the group of patients 

with CR, the correct HLC Ig'κ/Ig'λ ratio was found in 90% of patients (18/20), while in 60% 

of patients (12/20) both factors (HLC Ig'κ/Ig'λ ratio and FLC κ/λ ratio) were in the range of 

normal values. In the PR group, an abnormal ratio of both factors was found in 87% of 

patients (7/8). After treatment, a significant decrease in Dkk-1 concentration (p = 0.0002) was 

also observed in the group of patients with at least VGPR, but no significant differences were 

found in the concentration of activin A (p = 0.15) and GDF-15 (p = 0.258). 

 

Based on the results of the research, the following conclusions were drawn : 

1. Application of HLC and FLC tests in laboratory diagnostics routine analysis increases the 

chances of detecting the M-protein in MM patients in comparison to traditional methods 

(SPE, IFE). 

2. The M-protein concentration in the group of MM patients with the subtype of IgG 

determined by the HLC test is comparable to the quantity of protein obtained by 

electrophoresis, whereas in patients with the M-protein IgA class, the HLC test more precisely 

assesses the low concentration of monoclonal immunoglobulin, which is associated with its 

frequent migration to the beta-globulin fraction. 

3. The results obtained by HLC test at the time of diagnosis of MM indicate the suppression 

of polyclonal (uninvolved-uHLC) immunoglobulins of the same isotype (in 91% with M-

protein IgG class and 50% with IgA class), while after treatment, in the majority of patients 

with at least a very good clinical response an increase in their concentration was observed, 

which may indicate the reconstruction of the proper immune system functioning. 

4. The concentration of Dkk-1 seems to be the best marker of bone changes in the study group 

and gives the greatest diagnostic utility in their detection. Serum Dkk-1 assays may thus 

become an interesting biochemical marker in the assessment of bone tissue metabolism in 

MM patients. 



5. The strongest association with the stage of advancement according to the ISS was 

demonstrated by the values of i/u FLC and GDF-15 concentrations, which show their use as 

biomarkers of disease activity. 

6. One of the independent biochemical prognostic factors of the overall survival in the study 

group was the high level of Dkk-1, which significantly worsens the prognosis 

in the group with advanced disease according to ISS and R-ISS classification. Inclusion of the 

Dkk-1 value in the prognostic model may contribute to a more accurate risk assessment of 

unfavorable disease progression in the future. 

7. Simultaneous analysis of the HLC Ig'κ/Ig'λ ratio and FLC κ/λ ratio and concentration of 

Dkk-1 after treatment allows to evaluate the efficacy of conducted myeloma therapy, as well 

as its effect on bone metabolism, due to the fact that the values of the detected markers are 

related to the clinical response. 

 


