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Abbreviations 
 

Abbreviation Full name 

ALP alkaline phosphatase 

ASCT autologous stem-cell transplantation 

bALP bone-specific Alkaline phosphatase 

CRAB hypercalcemia, renal failure, anemia, bone lesions 

CrCl creatinine clearance 

CT computed tomography 

DEXA dual-energy X-ray absorptiometry 

DKK-1 Dickkoph-1  

DSS Durie and Salmon System 

ECOG the Eastern Cooperative Oncology Group 

ESMO the European Society for Medical Oncology 

FISH fluorescence in situ hybridization 

GFR glomerular filtration rate 

IL-1 interleukin-1 

IL-6 interleukin- 6 

IMWG the International Myeloma Working Group 

MWG the International Myeloma Working Group 

ISS International Staging System 

KMBM bone turnover biochemical markers 

BMI body mass index 

LDH lactate dehydrogenase 

MGUS monoclonal gammopathy of undetermined significance 

MIP-1α macrophage inflammatory protein -1 α 

MM multiple myeloma 

MRI magnetic resonance imaging 

MRONJ medication-related osteonecrosis of the jaw  
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NCCN National Comprehensive Cancer Network 

NCI National Cancer Institute 

NTX amino-terminal cross-linking telopeptide 

OB osteoblast 

OC osteoclast 

ONJ osteonecrosis of the jaw 

OPG osteoprotegerin 

P1CP total procollagen type 1 C-terminal propeptide 

P1NP total procollagen type 1 N-terminal propeptide 

PC plasma cell 

PET/CT positron emission tomography/computed tomography 

PTHrP parathyroid hormone-related peptide 

RAKUS Riga East Clinical University Hospital (in Latvian: Rīgas 

 Austrumu klīniskā universitātes slimnīca) 

RANK receptor activator of nuclear factor kappa B 

RANKL receptor activator of nuclear factor kappa B ligand 

R-ISS Revised International Staging System 

SMM smoldering myeloma 

SREs skeletal-related events 

ICD-10  International Classification of Diseases, 10th Revision 

TNF tumor necrosis factor 

VEGF vascular endothelial growth factor 

VTE venous thromboembolism 

WBLDCT whole- body low dose CT 

WBXR whole- body X-rays 

Wnt signālceļš wingless- type  signaling  

β2-M β2-microglobulin 

β-CTX carboxy-terminal cross-linking telopeptide  
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Introduction 

 
Actuality of the study 
 

Multiple myeloma (MM) is a primary bone marrow malignancy 

characterized by uncontrolled growth and proliferation of mature and immature 

plasma cells that secrete monoclonal immunoglobulins in the blood and/or urine 

(Roodman, 2009; Terpos, 2018; Rajkumar, 2014; Kyle, 2003; Kyle, Morgan, 

2012; Swerdlow, 2016; Луговская, 2014). Since plasma cells develop from 

B lymphocytes, MM is sometimes referred to as B-cell malignancy. 

During the course of the disease, bone lesions with abnormal bone 

fractures, neurological syndromes due to spinal cord injury, anemia, fatigue, 

weakness, kidney damage, and secondary infections develop (McKenna et al., 

2008; van Rhee et al., 2010; Rajkumar et al., 2014). 

Around 100 patients with MM are registered in Latvia every year (5 cases 

per 100,000 population). Given the current demographic trends of the world's 

population, the incidence of myeloma is projected to increase to 12 cases per 

100,000 population in the United Kingdom by 2035 (Smittenaar et al., 2016). 

MM is the only nosology of hemato-oncological diseases with secondary 

skeletal damage that is often found already at the time of diagnosis. Bone disease, 

especially lytic destruction of bone, is a very common clinical manifestation  

of MM, which significantly affects the patient's quality of life (Kiely et al., 2017; 

Mateos et al., 2020). 

Osteolytic bone damage is observed in 70-80% of patients at the time  

of diagnosis, but up to 90% of patients develop bone lesions during the course  

of the disease (Terpos et al., 2013; Sezer, 2009; Melton et al., 2005). 

Bone disease can cause skeletal-related events (SREs) with abnormal 

fractures, spinal cord compression, hypercalcemia, resulting in the need for 

radiological and surgical treatment (O’Donnell et al., 2017). 
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Unfortunately, there are no studies that identify patients at increased risk 

of developing bone lesions (Gupta et al., 2020). Conventional radiological 

examination methods are usually used to detect bone damage. However, they do 

not provide information on bone formation and resorption. Current guidelines for 

patient monitoring state that X-rays, CT scans, and MRI scans should only be 

performed if the patient has complaints. But changes in the bones appear already 

before the patient's complaints and before the bone changes have been 

radiologically confirmed. PET/CT can be used to detect early bone lesions, but 

their widespread use is limited by the expensive cost of the examination. In 

addition, the patient is often given a radioactive contrast agent during 

radiological examinations, and the many examinations result in the patient 

receiving an increased dose of radiation. The patient might also have trouble 

lying down during examinations due to pain and possible claustrophobia. 

Diabetics require special preparation. 

Since bisphosphonate therapy reduces the formation of new bone lesions 

due to the inhibition of osteoclast activity, it is included in standard therapy for 

myeloma patients (Terpos et al., 2013; Morgan et al., 2010). 

However, with the increase in complications following the long-term use 

of bisphosphonates (kidney damage, osteonecrosis of the jaw, hip fracture),  

the number of studies on methods for diagnosing and treating bone lesions is also 

increasing. 

The pathogenesis of MM and bone metabolism should be borne in mind 

when considering the earliest possible detection of bone lesions or the assessment 

of the potential risk of bone lesions. Myeloma cells are known to produce  

a number of factors that stimulate osteoclast formation and activity, thereby 

increasing bone resorption and, conversely, inhibiting osteoblast function by 

inhibiting bone formation. This results in osteolytic bone lesions (Sezer, 2009; 

Abe, 2011; Roodman, 2009, 2011; Terpos et al., 2005; Yaccoby, 2010). 
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Bone markers are divided into resorption and bone formation markers. 

Bone resorption markers (β-CTX) are products of osteoclast or collagen 

degradation, while bone formation markers (e.g. bone alkaline phosphatase – 

bALP) are produced by osteoblasts. They can be determined to assess the risk  

of bone lesions/fractures and the effectiveness of treatment during the specific 

therapy of patients (Lund et al., 2010; Hlaing et al., 2014). 

In practice, they are used to evaluate the effectiveness of osteoporosis 

therapy, but until now they have not been used in the case of MM. 

The Wnt signaling system is known to play an important role in osteoblast 

growth and differentiation, and Dickkoph-1 (DKK-1) is the inhibitor of this 

signaling system (Ray et al., 2016; Spaan et al., 2018). DKK-1 is able to bind to 

Wnt signaling system receptors, block osteoblast differentiation and 

proliferation, leading to decreased bone formation and lytic bone changes 

(Terpos et al., 2018; Qiang et al., 2008; Heath et al., 2009; Menezes et al., 2012). 

DKK-1 can be detected by immunohistochemical methods in myeloma cells in 

the bone marrow, and the degree of DKK-1 expression is related to the severity 

of bone damage in MM patients. Several studies have confirmed increased 

expression of DKK-1 in MM cells, and especially in patients with severe bone 

lesions (Heath et al., 2009; Tian et al., 2003). 

In addition, morphological examination of myeloma cells in trephine 

biopsy material can determine the severity of plasma cell malignancy associated 

with the development of bone lesions (Bartl et al., 1987). 

Although MM is still an incurable disease, improvements in therapy, 

including new targeted therapies, monoclonal antibodies, and the increasing use 

of stem cell transplantation in the treatment of MM, contribute to improving 

patients' quality of life and reducing MM symptoms (Thorsteinsdottir et al., 

2014; Turesson et al., 2018; Zhang et al., 2012; Anderson et al., 2011; Yi Q, 

2009; Suzuki et al., 2020). 
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It is therefore important to study, collect and analyze data on  

the development of bone lesions in order to assess the effectiveness of early 

diagnosis and treatment, as well as the risk of bone lesions. The biochemical and 

immunohistochemical markers of bone metabolism may be an alternative to 

quantify the bone status in patients with MM and to reflect bone resorption and 

formation activity. 

 

Aim of the study 
 

To prove the prognostic significance of biochemical markers and 

morphological indicators of bone disease development in myeloma patients 

 

Objectives of the study 
 

1. To determine the level of β-CTX at the time of MM diagnosis and 

during the disease course, as well as to compare it with the level of 

control group individuals and to analyze its association with  

the severity of bone lesions.  

2. To determine the level of β-CTX in patients with different 

therapeutic effects. 

3. To determine the level of bALP at the time of diagnosis of MM and 

during the disease course, as well as to compare it with the level of 

control group individuals and to analyze its association with  

the severity of bone lesions.  

4. To determine the level of bALP in patients with different therapeutic 

effects. 

5. To determine the level of DKK-1 expression in myeloma cells and 

to evaluate its association with osteolytic bone lesions. 

6. To determine the morphological features of plasma cells and analyze 

their association with osteolytic bone lesions.  
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Hypotheses of the study 
 

1. Patients with high plasma cell malignancy and more pronounced 

expression of DKK-1 have a higher risk of developing bone lesions, 

which can be detected already at the time of diagnosis. 

2. The biochemical markers of bone metabolism allow the detection of 

bone disease in patients at the time of diagnosis of myeloma and 

allow to predict the dynamics of bone disease development. 

 

Scientific and practical novelty of the study 

 
1. An in-depth study of morphological features of plasma cells and 

DKK- 1 expression in myeloma cells has been performed. 

2. The study obtained data on markers of bone metabolism in patients 

with myeloma – both at the time of diagnosis of MM and in  

the dynamic of the treatment process. This allows the diagnosis of 

MM patients at increased risk of developing bone lesions and allows 

the right decision to be made on the initiation and duration of 

bisphosphonate treatment to reduce the risk of developing treatment 

complications. 

 

The structure of the thesis and the author's contribution 

 
The thesis is written in Latvian. Structure of the dissertation: introduction, 

aim of the study, objectives, hypotheses, literature review, materials and 

methods, results, discussion, conclusions, references. The volume of the thesis is 

108 pages, including 15 tables, 49 figures, and 2 appendices. The bibliography 

includes 331 titles. 
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The author of the thesis has performed research planning, literature 

analysis, examination of all patients included in the study, bone marrow 

aspiration, and trephine biopsy to confirm the diagnosis, and knows the 

methodology of plasma cell morphological features and DKK-1 expression in 

myeloma cells. The author has got acquainted with and mastered the laboratory 

methods used for the analysis of biochemical markers of bone metabolism.  

The author of the thesis has summarized, systematized, and analyzed the results 

of the performed examinations. The author has written this thesis and the related 

publications. 

 

Ethical aspects of work 
 

The research work was performed based on the Declaration of Helsinki 

of 1964 and the permission of the Ethics Committee of Rīga Stradiņš University 

issued for the study on June 10, 2014. All patients were orally briefed on  

the progress of the study, provided with written material, answered questions, if 

they had any, and they voluntarily completed and signed an informed consent 

form. All stages of the study were conducted in accordance with ethical 

principles, maintaining the confidentiality and anonymity of the respondents. 
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1 Materials and methods 

 
The clinically analytical study “Analysis of prognostic significance of 

biochemical markers and morphological parameters in the development of bone 

disease in myeloma patients” is a retrospective case-control study. The research 

was performed with the permission of the Ethics Committee of Rīga Stradiņš 

University; the date of the meeting of the Ethics Committee: 10.06.2014. 

 

Place of the conduction of the study 
 

1. Riga East Clinical University Hospital (in Latvian: Rīgas Austrumu 

klīniskā universitātes slimnīca — RAKUS), Oncology Centre of 

Latvia, The Clinic of Chemotherapy and Hematology  

2. Rīga Stradiņš University, the Institute of Anatomy and 

Anthropology 

3. LLC “E. Gulbja laboratory” 

 

Technical support 
 

Technical means were utilized for the research, using the possibilities of 

RAKUS, Clinic of Chemotherapy and Hematology; Rīga Stradiņš University, 

Institute of Anatomy and Anthropology, and LLC “E. Gulbja laboratory”, and 

with the support of the Rīga Stradiņš University Doctoral Study Grant, Roche 

Academy and the Support Fund of the Riga East Clinical University Hospital. 
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1.1 Characteristics of study and control groups 

 

MM patient study group 
 

The study patient group consisted of 123 newly diagnosed MM patients 

treated at RAKUS, The Clinic of Chemotherapy and Hematology from June 2014 

to June 2016 with a clinically and histologically confirmed myeloma disease. 

The study included newly diagnosed patients with myeloma who had not 

yet received chemotherapy. The diagnosis of MM and the severity of the disease 

were determined according to generally accepted defined diagnostic criteria. 

Patients underwent tests and analyses to confirm the diagnosis and determine  

the stage of the disease. Functional status was determined for each patient.  

At the time of diagnosis and during the investigation, patients with and without 

bone lesions were identified. 

Patient grouping: 

Group 1 – patients with bone lesions, 

Group 2 – patients without bone lesions. 

Biochemical markers of bone metabolism were determined in all patients 

before treatment, and then specific chemotherapy as well as the treatment of bone 

disease were initiated. Repeated investigations were done after 6 and 12 months. 

49 of the enrolled patients, who underwent routine bone marrow trephine 

biopsy at the time of diagnosis, had their plasma cell morphology evaluated and 

DKK-1 expression in myeloma cells determined. These patients were also 

divided into two groups: 

Group 1 – patients with bone lesions, 

Group 2 – patients without bone lesions. 
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Control group 
 

Exclusion criteria were developed for the selection of patients for  

the study control group, excluding as many co-factors and confounders as 

possible that could affect the results of the study. 1128 age- and sex-matched 

outpatients, who had no data of osteoporosis or diseases that could alter bone 

metabolism (e.g. rheumatic diseases, primary hyperparathyroidism, Paget’s 

disease) and who had not received or were not receiving medications with 

potential to cause osteoporosis, were used for control. All patients had submitted 

analyzes to the E. Gulbja laboratory. 

 

1.2 Research scheme 
 

The research scheme is shown in Figure 1.1.  

 

Figure 1.1. Research scheme 

* They are monitored at the time of diagnosis of the disease,  

as well as after 6 and 12 months. 
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1.3 Criteria for inclusion and exclusion of the study subjects 
 

Inclusion and exclusion criteria were developed for the selection of 

patients for the study, which reduce the impact of possible systematic errors on 

the study results. 

Inclusion criteria: patients with diagnosis code C90.0 – myeloma 

disease according to the ICD-10 (International Statistical Classification of 

Diseases and Related Health Problems, 10th edition). Patients were newly 

diagnosed, and they were not receiving specific therapy. 

Consent to participate in the study was obtained from all patients. 

Exclusion criteria: 

1. Patients with a history of confirmed osteoporosis and patients who 

have received specific osteoporosis therapy; 

2. Patients with a history of oncological diseases, excluding local non-

melanoma skin tumors; 

3. Patients who have received glucocorticoid therapy in the last year 

(for rheumatological diseases, bronchial asthma, chronic obstructive 

pulmonary disease, neurological diseases); 

4. Patients with a GFR < 30 ml/min/1.73 m2 were excluded from the 

study due to the renal excretion of β-CTX as it could give erroneous 

results. 

 

1.4 Analysis of radiological data 
 

Bone lesions were identified by X-ray, CT, MRI, PET/CT and were 

classified into severity degrees 0–3 according to the classification of 

M. Alexandrakis. 

Severity degrees of bone lesions 0–3 (M. Alexandrakis, 2002): 

0) – No bone lesions, 

1) –  3 bone lesions, 
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2) –  3 bone lesions, 

3) – Vertebral compression fractures. 

At the time of diagnosis, patients with and without bone lesions were 

identified. 

Disease progression was defined as one or several new bone lesions. 

 

1.5 Analysis of laboratory parameters 
 

Clinical blood tests 
 

A complete blood test was performed with an automatic analyzer. Blood 

counts were analyzed at the time of diagnosis, after 6 and 12 months. 

 

Biochemical blood tests 
 

Biochemical parameters determined by an automatic analyzer: 

Lactate dehydrogenase (LDH) (N 200–480 U/L), creatinine  

(N 30–80 µmol/l), GFR (N > 90 ml/min/1.73m2), total protein (N 65–85 g/l), 

albumin level (N 34–52 g/l), paraprotein in the blood (N 0g/l) and urine (N 0g/l), 

CRP (N < 8 mg/l), β2 microglobulin (N < 2 mg/L), calcium (Ca) level  

(N 2.2–2.6 mmol/l). 

Biochemical parameters were analyzed at the time of diagnosis,  

after 6 and 12 months. 

 

1.6 Analysis of biochemical markers of bone metabolism 
 

Biochemical markers of bone metabolism were identified in all patients 

prior to treatment and then specific chemotherapy was initiated, including 

treatment of bone disease. Each patient had 3 blood samples taken from them in 

a fixed order (at the time of diagnosis, after 6 and 12 months) during the study.  
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All analyses were performed in one laboratory (E. Gulbis laboratory). 

Blood sampling was performed in the morning on an empty stomach at 

7.00 before diagnostic procedures and medication. The total amount of blood 

was 13 ml. 

For long-term studies, samples were taken under the same conditions as 

the original sample, as serum β-CTX levels are subject to circadian rhythm. 

The samples were immediately delivered to E. Gulbis laboratory, where 

no later than 30 minutes after blood sampling, they were centrifuged at 3000 rpm 

for 10 minutes. 

Due to renal excretion of β-CTX, patients with GFR < 30 ml/min/1.73 m2 

were excluded from determination of β-CTX levels. 

Biochemical markers of bone metabolism were examined by the enzyme-

linked immunosorbent assay with a high-specificity monoclonal antibody 

variant. 

The level of bone alkaline phosphatase was determined by  

the immunochemical luminescence method in the LIAISON analyzer (DiaSorin, 

Inc., USA). 

The LIAISON BAP OSTASE immunoassay is a direct, two-step 

“sandwich-type” assay that uses two affinity-purified mouse monoclonal 

antibodies to attract and determine bALP. A 50µL human serum sample is used 

in the analysis, which 

1) is incubated with paramagnetic particles coated with bALP 

monoclonal antibody; 

2) after incubation, a second isoluminol-conjugated monoclonal 

antibody is added to the reaction for a short incubation period; 

3) after incubation, the unbound material is removed during a wash 

cycle; 

4) then the initial reagents are added and thus the chemiluminescence 

reaction is initiated. The light signal is measured by  
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the photoelectron multiplier as relative light units and is proportional 

to the concentration of bALP in the calibrators, controls, or samples. 

Determination of β-CTX levels was performed by the electrochemical 

luminescence immunoassay “ECLIA” in Cobas e 601 immunoassay analyzers 

(Roche Diagnostics, Germany). The principle is almost identical  

to bALP, however, 

1) the luminescence detection is slightly different because during  

the first incubation the antigens in the sample bind to biotinylated 

monoclonal antibodies (beta-CrossLaps); 

2) during the second incubation with the addition of streptavidin-

coated microparticles and a monoclonal beta-CrossLaps-specific 

antibody, a “sandwich complex” is formed, which is bound to  

the solid phase by the interaction of biotin and streptavidin (a very 

close chemical bond that normally binds different biomolecules to 

other molecules or a hard surface); 

3) the reaction mixture is sucked into a measuring chamber where  

the particles are magnetically detected by the electrode surface; 

4) when a voltage is applied to the electrode, chemical luminescence is 

emitted, which is detected by the photomultiplier; 

5) the results are determined by the calibration curve. Calibration is 

performed with a known concentration of the substance, and the 

concentration of the substance in the sample can be determined from 

the curve. 

 

1.7 Determination of patients' functional status 
 

The functional status of oncology patients was assessed using  

the performance status scales of the Eastern Cooperative Oncology Group 

(ECOG) and Karnofsky.  
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Table 1.1 

ECOG performance status 

Grade ECOG performance status 

0  
Fully active, able to carry on all pre-disease performance without 

restriction 

1  
Restricted in physically strenuous activity but ambulatory and able to carry 

out work of a light or sedentary nature, e.g., light housework, office work 

2  
Ambulatory and capable of all self-care but unable to carry out any work 

activities; up and about more than 50% of waking hours 

3  
Capable of only limited self-care; confined to bed or chair more than  

50% of waking hours 

4  
Completely disabled; cannot carry on any self-care; totally confined to bed 

or chair 

5  Dead  

* Modified according to: Oken et al., 1982.  

 

Table 1.2 

Karnofsky performance status 

Index Karnofsky performance status 

100 no complaints; no evidence of disease 

90 able to carry normal activity; minor signs or symptoms of the disease 

80 normal activity with effort; some signs or symptoms of disease 

70 cares for self; unable to carry on normal activity or to do active work 

60 requires occasional assistance but is able to care for most personal needs 

50 requires considerable assistance and frequent medical care 

40 disabled; requires special care and assistance 

30 
severely disabled; hospital admission indicated although death not    

imminent 

20 
very sick; hospital admission necessary; active supportive treatment 

necessary 

10 dying 

0 dead 

* Modified according to: Karnofsky, 1949. 

 

The comparison of the ECOG Performance Status and the Karnofsky 

Performance Status is shown in Table 1.3.  
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Table 1.3 

The comparison of the ECOG and  

the Karnofsky performance status scales 

ECOG  

performance status 

Karnofsky  

performance status 

0  100–90  

1  80–70 

2  60–50 

3  40–30 

4  20–10 

5  0  

* Modified according to: Karnofsky, 1949; Oken et al., 1982. 

 

1.8 Determination of the disease stage 
 

The Durie and Salmon and the International Staging System (ISS) 

classifications were used to determine the stages of MM disease. 

The criteria for the Durie and Salmon Staging System of myeloma and 

the Revised International Staging System (R-ISS) for Multiple Myeloma are 

shown in Table 1.4. 
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Table 1.4 

The criteria of the Durie and Salmon and the Revised International 

Staging System classifications 

Stage Durie and Salmon Staging System R-ISS

I 

Hemoglobin > 100 g/L 

Normal calcium levels 

No bone lesions 

Low paraprotein levels: 

IgA < 50 g/L or IgG < 30 g/L Bence-

Jones protein in urine < 4 g/day 

● ISS I stage (β2 microglobulin

levels < 3.5 mg/L; serum

albumin > 3.5g/dl)

● No high-risk cytogenetic changes

● Normal LDH

II Parameters between I and III Parameters between I and III 

III 

Hemoglobin < 85 g/L 

Hypercalcaemia ( > 3 mmol/L) 

> 3 lytic bone damage

High paraprotein levels:

IgA > 70 g/L or IgG > 50 g/L

Bence-Jones protein in urine

> 12 g/day

● ISS III stage (β2 microglobulin

levels > 5.5 mg/L)

● High risk cytogenetic changes

[t (4;14), t (14;16) or del (17p)]

or elevated LDH

* Modified according to: Palumbo, et al., J Clin Oncol, 2015; 33: 2863–2869.

1.9 Light microscopy and immunohistochemistry 

of trephine biopsies 

Bone marrow trephine biopsy specimens were obtained from 49 patients 

who were with newly diagnosed MM. Procedures were performed with 

a trephine biopsy needle or with an automatic biopsy device shown in Figure 1.2. 
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Figure 1.2 a) automatic device; b) trephine biopsy needle 

 

The procedure was preceded by skin disinfection followed by local 

anesthesia. 

The procedure was performed in a place where the red bone marrow is 

technically more easily accessible (the bone is more protruding), most often, 

spina iliaca posterior superior (see Figure 1.3). The duration of the procedure 

was 15–45 minutes. 

  

a) b) 
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Figure 1.3. Bone marrow examination 

(modified according to: myeloma.org.uk, 2017) 

For routine histological staining and immunohistochemical methods, 

the research material was processed at the Institute of Anatomy and 

Anthropology of Rīga Stradiņš University. 

Bone marrow trephine biopsy tissue samples were fixed in 10% 

formalin, dehydrated in increasing concentrations of ethyl alcohol, and 

embedded in paraffin for further histopathological and immunohistochemical 

examination. Subsequently, 4–6 μm thick histological sections were made from 

the hardened paraffin-embedded tissue material with a microtome and placed on 

SuperFrost Plus slides (MenzelGmbH, Germany). The sections were 

deparaffinized and rehydrated by placing them in xylene and various 

concentrations of alcohol 
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(from higher to weaker) and in distilled water. After deparaffinization and 

rehydration, the sections were placed in a methanolic solution with 0.3% H202 to 

neutralize endogenous peroxidase activity. Antigen epitope retrieval and 

amplification was performed in a 10 mM sodium citrate buffer, pH 6.0, at  

100 °C for 5 minutes in the microwave. The immunohistochemical reaction was 

performed conventionally using a polyclonal rabbit anti-human DKK-1 antibody 

(Sigma Life Science, Inc., Sigma, Aldrich, St. Louis, USA, HPA018995, 1:20) 

that binds to the DKK-1 precursor recombinant protein antigen. Amplification of 

the primary antibody was performed using a HiDef Detection HRP Polymer 

system, and a diaminobenzidine-tetrahydrochloride substrate kit (Cell Marque, 

Rocklin, CA, USA) was used to visualize the reaction. The sections were then 

stained with Mayer's hematoxylin, rinsed under running water, and covered with 

coverslips. The prepared and stained microproducts were photographed with  

a Leitz DMRB bright-field microscope using a DFC 450C digital camera and  

a Glissando slide (micropreparation) scanner (Objective Imaging Ltd., 

Cambridge, UK 0.5 µm/pixel resolution with 20 magnification lens and  

0.2755 µm/pixel resolution, using a 40 magnification lens). 

 

Histopathological and immunohistochemical evaluation criteria 
 

Plasma cell morphology (number, size, shape and structure) was analyzed 

in microarrays stained routinely with hematoxylin and eosin using the Bartl 

scoring system. Myeloma cells were divided into six types: 1) Marschalko, 

2) small cell, 3) cleaved, 4) polymorphic, 5) asynchronous, 6) plasmoblastic cell 

type. These types were then divided into three myeloma cell prognostic groups: 

low malignancy (Marschalko and small cells), moderate malignancy (cleaved 

cells, polymorphic and asynchronous cells), and high malignancy (plasmoblastic 

cells) (Bartl et al., 1987). 
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The amount of immunoreactive cells was counted using a semi-

quantitative counting method. Cells whose cytoplasm was marked brown  

in the cytoplasmic immunohistochemical reaction were considered 

immunoreactive (immunopositive). DDK-1 immunopositivity was assessed 

semi-quantitatively in four randomly selected fields of vision: negative – no cells 

were stained (0%); low expression (1–10%); moderate expression (11–50%) and 

pronounced expression (51–100%). 

The result consisted of the findings of two independent pathologists who 

did not know the patients' clinical and radiological data. 

 

1.10 Statistical analysis of data 
 

The graphics, calculations, and statistical analyses included in the study 

were performed using R v.4.0.1 (R Foundation for Statistical Computing, 

Vienna, Austria) and Medcalc v.14. 

The normal distribution of the data was checked by the Kolmogorov–

Smirnov sample test. If the sample size distribution corresponded to the normal 

distribution, they were plotted as mean (M) and standard deviation (± SD). 

Otherwise, data are presented as median (Md) and interquartile range (IQR). 

Statistical analysis of normal distribution data (parametric data): mean 

values between two separate groups were compared using Student's t-test; mean 

values between three and more individual groups were compared using one-way 

analysis of variance (ANOVA). 

Statistical analysis of data whose values did not correspond to the normal 

distribution (non-parametric data): the mean values between the two separate 

groups were compared using the Mann–Whitney U-test; means between three 

and more individual groups were compared using the Kruskal–Wallis H-test. 

Wilcoxon or Friedman statistical tests were used to analyze the dependent 

samples.  
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Qualitative data were analyzed using the Pearson chi square statistical test 

if the expected frequency was > 5, otherwise the Fisher exact test was used. 

The method of correlation analysis was used to study the relationships of 

quantitative variables. Depending on the data distribution, parametric Pearson 

(denoted – r) or nonparametric Spearman (denotes – rs) correlation analysis  

was used. 

The following parameters were used to characterize the diagnostic 

markers: ROC curve, area under the ROC curve, limit value, test sensitivity (Se) 

and specificity (Sp), positive (PPV) and negative predictive value (NPV) when 

reaching the respective limit values. The accuracy of the diagnostic test was 

assessed by the area under the ROC curve according to the following 

classification: 0.90–1 = excellent; 0.80–0.90 = good; 0.70–0.80 = satisfactory; 

0.60–0.70 = poor; and < 0.60 = not diagnostic. 

A two-tailed p-value of less than 0.05 (p < 0.05) was considered 

statistically significant for all statistical tests used. 
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2 Results 

 
2.1 Characteristics of the patients and control group individuals 

of the study 
 

The study involved 123 patients – 70 (56.91%) women and 53 (43.09%) 

men, the minimum age was 33 years, the maximum was 86 years, the age range 

was 53 years, the mean age of the patients was M = 67.70; SD = 10.40 years, the 

modal or the most common age was 71 year, the median age was 69 years, the 

first age quartile was 60.5 years, and the third was 75 years, and the age-related 

interquartile distribution was 14.50 years (Table 2.1). Patients' age histogram and 

box diagram are shown in Figure 2.1 a), b). 

 

a) b)  

 

Figure 2.1. Patient age a) histogram, b) box chart 

 

Statistical analysis revealed that the median age did not differ statistically 

significantly between the study and control groups (p > 0.05), nor did  

the proportion of men and women differ statistically significantly between  

the control and study groups (p > 0.05). The basic demographic parameters  

are shown in Table 2.1. 
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Table 2.1 

Basic demographic parameters 

– 
Control 

(N=1128) 

Study 

(N=123) 

Age, years 

M (SD), min–max 65.0 (9.15); 51.0– 91.0 67.7 (10.4); 33.0– 86.0 

Median [Q1– Q3] 64.0 [57.0–72.0] 69.0 [60.5–75.0] 

Gender 

Female 706 (62.5%) 70 (56.9%) 

Male 422 (37.5%) 53 (43.1%) 

 

2.1.1 ssessment of patients' disease stage 
 

According to Durie and Salmon classification: stage 1 was observed in 

24 (19.51%), stage 2 – in 17 (13.82%), and stage 3 – in 82 (66.67%) patients, but 

according to ISS classification: stage 3 was observed in 57 (46.34%), stage 2 – 

in 31 (25.20%), stage 3 – in 35 (28.46%) patients (Figure 2.2). 

 

 
 Durie and Salmon classification ISS classification 

Figure 2.2. Patient assessment according to Durie and  

Salmon and ISS classification 

 

2.1.2 Assessment of patients' functional status 
 

Evaluating the functional condition of patients according to the Karnofsky 

index, it was found that the most common Karnofsky index for patients is 70; it 

is found in almost half of the patients – 50 (40.65%), see Figure 2.3 a). However, 

dividing patients according to the cut-off value of Karnofsky index below and 
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above 80, it was found that index above 80 is detectable in 36 (29.30%) cases, 

see 2.3 b). 

 

a) b)  

Figure 2.3. Karnofsky index: a) overall quantitative estimate, 

 b) cut-off value below and above 80 

 

Evaluating the classification of patients according to the ECOG index 

(Fig. 2.4 a)), it was found that the most common index is 2, which is found in 

almost half of the patients – 55 (44.72%), but the least number of patients had an 

index of 4, which was 3 (2.44%) patients. In contrast, the ECOG index above 2 

was found in 107 (86.99%) patients, see Figure 2.4 b). 

 

a) b)  

Figure 2.4. ECOG index: a) overall quantitative estimate,  

(b) cut-off value below and above 2 

 

2.2 Analysis of radiological data 
 

All patients underwent X-ray and/or CT, but some underwent  

MRI (13 patients), PET/CT (2 patients), and bone scintigraphy (78 patients). Of  

the patients enrolled in the study, one-third – 37 (30.08%) – had no bone lesions 
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at the time of diagnosis, and more than half of the patients – 69 (56.10%)) – had 

3rd degree bone lesions with vertebral compression fractures. 1st and 2nd bone 

lesions were observed in 17 (13.82%) patients, see Figure 2.5. 

 

 

Figure 2.5. Quantitative assessment of the degree of bone lesions 

 

Analyzing the distribution of bone lesion localization, it was found that 

most bone lesions are found in the vertebrae (100 localizations), followed by  

the ribs (20 localizations) and the pelvis (16 localizations), see Figure 2.6.  
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Figure 2.6. Localization of patient bone lesions 

 

Analyzing the distribution of vertebral lesions in patients, it was found 

that 82% of vertebral lesions were in Th8-L5 and 50% of them were found in 

Th11-L1, see Figure 2.7.  

  



32 

 

Figure 2.7. Distribution of vertebral lesions in patients 
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2.3 Analysis of laboratory parameters 
 

Laboratory parameter values of patients are shown in Table 2.2. 

 

Table 2.2 

Laboratory parameters of patients at the time  

of diagnosis of the disease 

Parameter – 

β2 microgl. (mg/l) 

M (SD), min–max 5.79 (6.01); 1.27–30.0 

Median [Q1–Q3] 3.36 [2.41–5.69] 

Albumin (g/l) 

M (SD), min–max 37.0 (6.38); 21.0–50.5 

Median [Q1–Q3] 37.4 [31.8–41.6] 

Plasma cells in the bone marrow (%) 

M (SD), min–max 39.2 (18.3); 10.0–80.0 

Median [Q1–Q3] 40.0 [25.0–50.0] 

LDH (U/L) 

M (SD), min–max 372 (128); 2.88–763 

Median [Q1–Q3] 363 [280–435] 

Hb (g/dl) 

M (SD), min–max 106 (23.3); 12.1–157 

Median [Q1–Q3] 107 [89.5–124] 

Ca (mmol/l) 

M (SD), min–max 2.35 (0.299); 1.78–4.07 

Median [Q1–Q3] 2.29 [2.17–2.45] 

Creatinine (μmol/l) 

M (SD), min–max 134 (172); 20.0–1140 

Median [Q1–Q3] 83.0 [62.0–121] 

GFR (ml/min/1.73) 

M (SD), min–max 75.8 (48.2); 4.00–348 

Median [Q1–Q3] 69.0 [46.5–99.0] 

Paraprotein in the blood (g/l) 

M (SD), min–max 25.6 (17.8); 0–76.1 

Median [Q1–Q3] 23.4 [13.5–35.0] 

 

The most common Ig class in patients was Ig G, in total – 106, but non-

secreting myeloma was observed in 7 patients (Figure 2.8). 
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Figure 2.8. Distribution of paraprotein immunological subclasses 

 

In analysis of renal insufficiency parameters, it was revealed that  

GFR < 60 (ml/min/1.73) was present in 81 (65.85%) patients, see Figure 2.9. 

 

 

Figure 2.9. Number of patients with kidney disease 

 

Mild anemia (Hb > 100 g/l) was observed in 75 (60.98%) patients, 

moderate anemia in 26 (21.14%) and severe anemia (Hb < 85 g/l) in 22 (17.89%) 

patients (Figure 2.10).  
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Figure 2.10. Distribution of anemia severity in patients 

 

Laboratorically hypercalcaemia is classified as mild (Ca 2.6–2.9 mmol/l), 

moderate (2.9–3.1 mmol/l) and severe (> 3.1 mmol/l). At the time of diagnosis, 

one-sixth or 18 patients (14.63%) were diagnosed with hypercalcaemia, and, 

evaluating patients according to the severity of hypercalcaemia, 1st degree 

(10.55%) was observed in half of the hypercalcaemia patients (Figure 2.11). 
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a) b)  

Figure 2.11. Number of patients with a) hypercalcaemia,  

b) distribution of hypercalcaemia severity 

 

2.4 Analysis of biochemical markers of bone metabolism 
 

2.4.1 β-CTX level analysis 
 

β-CTX levels were determined in patients at the time of diagnosis 

(β- CTX1), after 6 months (β-CTX2), and after 1 year (β-CTX3). 

In MM patients without bone lesions at the time of diagnosis, the median 

β-CTX was 0.62 [0.48–0.89] ng/mL, but with 1st, 2nd and 3rd degree bone lesions, 

the median was 0.80, 0.89 and 1.10 ng/mL. Detailed information can be found in 

Table 2.3. 

 

Table 2.3  

β-CTX values at different degrees of bone lesions 

Degree of bone 

lesion 

Absent 

(N=37) 

1 

(N=6) 

2 

(N=11) 

3 

(N=69) 

M (SD), min–max 
0.837 (0.638); 

0.114–3.11 

1.02 (0.464); 

0.534–1.90 

0.990 (0.282); 

0.670–1.71 

1.29 (0.563); 

0.550–3.22 

Median [Q1–Q3] 
0.620 

[0.488–0.890] 

0.80 

[0.76–0.985] 

0.890 

[0.865–0.976] 

1.10 

[0.920–1.42] 

 

Analysis of the Kruskal–Wallis statistical test indicated that the median 

β-CTX differed statistically significantly at different degrees of bone lesions 

(p = 0.001). Secondary analysis (post-hoc) showed no statistically significant 
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difference (p > 0.05) between absent bone lesions and 1st degree bone lesions, 

but a statistically significant difference (p < 0.05) between the other degrees of 

bone lesions, see Figure 2.12. Assessing the relationship between the severity of 

bone lesions and the level of β-CTX, it was found to be moderate, positive and 

statistically significant (rs = 0.51; 95% CI: 0.35–0.62; p < 0.001). 

 

a)  b)  

Figure 2.12. Bone lesion degree and β-CTX changes:  

a) box diagram and b) average values 

 

The analysis of the Friedman statistical test showed that β-CTX decreased 

statistically significantly (p < 0.001) and decreased by 58% (p < 0.05) after 

6 months of treatment, but by 29.2% after 1 year (p < 0.05), see  

Figure 2.13 a), b). 

 

a) b)  

Figure 2.13. Changes in β-CTX over time: a) after 6 months (β-CTX1 – 

β- CTX2), b) from 6 months to a year (β-CTX2 – β-CTX3) 
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After 6 months of treatment, β-CTX decreased in 65 (69.89%)  

but increased in 28 (30.11%) patients, while, in between 6 months to 1 year  

of treatment, β-CTX decreased in 47 (66.20%) patients and increased in  

24 (33.80%) patients. Detailed box diagrams of β-CTX changes are shown  

in Figure 2.14 a), b). 

 

a) b)  

Figure 2.14. Changes in β-CTX a) after 6 months,  

b) from 6 months to 1 year 

 

In patients who responded to treatment, β-CTX was statistically 

significantly reduced (p < 0.001) from baseline (Md = -0.77). In contrast, in 

patients who did not respond to treatment, β-CTX increased from baseline after 

6 months of treatment (Md = 0.28),  see Table 2.4 and Figure 2.15. 

 

Table 2.4 

Analysis of the difference in β-CTX changes after 6 months 

– 
Increased 

(N=28) 

Decreased 

(N=65) 

β-CTX difference after 6 months 

M (SD), min–max 
0.287 (0.240);  

0.029–0.960 
–0.772 (0.443); –2.06–0.045 

Median [Q1–Q3] 0.230 [0.109–0.386] –0.756 [¢0.907– –0.501] 
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Figure 2.15. The difference in β-CTX change after 6 months in patients 

with increasing and decreasing β-CTX 

 

The mean β-CTX level depending on the effect of treatment is shown  

in Table 2.5. 

 

Table 2.5 

Dynamics of β-CTX depending on the effect of therapy 

Patients 
β-CTX  M(SD) 

min–max 

Difference 

(95% CI) 
p-value 

Responsive to therapy 

At the time of diagnosis 

(N=114) 

1.12 (0.64)  

0.11–4.09  

–0.65 (0.41–0.66) 

 

< 0.001 After 6 months  

(N=84) 

0.47 (0.36)  

0,03–1.77 

Non-responsive to therapy 

At the time of diagnosis 

(N=9) 

1.38 (0.74)  

0.86-3.22  

0.42 (0.21–0.62) 

 

< 0.001 After 6 months  

(N=9) 

1.80 (0.92)  

1.10-3.98 

 

2.4.2 bALP analysis 
 

bALP levels were determined in patients at the time of diagnosis 

(bALP1), after 6 months (bALP2) and after 1 year (bALP3). 
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Analyzing the changes in bALP over time, it was found that bALP1 and 

bALP2 differed statistically significantly (p < 0.001), however, from 6 months 

to a year bALP3 no longer differed statistically significantly (p = 0.06), see 

Table 2.6 and Figure 2.16.  

 

a) b)  

Figure 2.16. bALP changes over time: a) after 6 months,  

b) from 6 months to 1 year 

 

Table 2.6 

Changes in bALP values at the time of diagnosis,  

after 6 months and after 1 year 

– Values 

bALP1 µg/L 

M (SD), min–max 13.0 (6.78); 4.20–45.0 

Median [Q1–Q3] 11.2 [8.73–16.0] 

bALP2 µg/L 

M (SD), min–max 11.1 (8.20); 3.50–50.7 

Median [Q1–Q3] 8.70 [6.70–12.2] 

bALP3 µg/L 

M (SD), min–max 9.97 (5.83); 3.10–39.1 

Median [Q1–Q3] 9.00 [6.38–11.5] 

 
Statistical analysis of the Kruskal–Wallis test showed no statistically 

significant difference in bALP levels between different degrees of bone lesion 

severity (p = 0.95), see Table 2.7 and Figure 2.17. 
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Table 2.7 

bALP values at different degrees of bone lesions at the time  

of disease diagnosis 

Degree of bone 

lesion 

Absent 

(N = 37) 

1 

(N = 6) 

2 

(N = 11) 

3 

(N = 69) 

bALP1 µg/L 

M (SD), Min–max 13.6 (7.70); 

5.10–45.0 

13.6 (4.39); 

10.4–22.4 

12.1 (4.50); 

5.60–23.5 

12.8 (6.80); 

4.20–42.8 

Median [Q1–Q3] 10.5  

[8.10–19.0] 

12.1  

[11.8–12.8] 

11.3  

[10.1–13.1] 

11.0  

[8.50–15.3] 

 

 

Figure 2.17. bALP changes at different degrees of bone lesions 

 

After 6 months of treatment, the value of bALP decreased in 60 patients 

or 64.52%, but increased in 33 (35.48%) patients (Figure 2.18). 
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Figure 2.18. bALP changes after 6 months 

 

2.4.3 Analysis of β-CTX correlations with biochemical parameters, 

disease stage and the functional status of patients 
 

The study investigated the possible correlation between β–CTX and  

β2 microglobulin, albumin, LDH, calcium, Karnofsky index, ECOG, plasma cell 

infiltration in the bone marrow, Hb and GFR levels (see Figure 2.19). 
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a) b)  

c) d)  

e) f)  

Figure 2.19. β-CTX correlation diagrams with a) albumin, b) paraprotein 

in blood, c) Ca, d) LDH, e) Karnofsky index, f) GFA in blood 
 

The analysis of the Spearman correlation coefficient showed that there is 

a weak, negative and statistically significant correlation between β-CTX and 

albumin (rs = –0.24; 95% CI; p < 0.01), between β-CTX and plasma cell 

infiltration – a weak, positive and statistically significant correlation (rs = 0.24; 

p < 0.01), between β-CTX and Hb – a weak, negative and statistically significant 

correlation (rs = -0.25; p < 0.01), there is a positive, moderate and statistically 

significant correlation between β-CTX and Ca (rs = 0.37; p < 0.0011), there is  
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a negative, moderate and statistically significant correlation between β-CTX and 

Karnofsky index (rs = –0.36 ; p < 0.001), there is a weak, positive and statistically 

significant correlation between β-CTX and ECOG (rs = 0.28; p = 0.001), there is 

a weak, positive and statistically significant correlation between β-CTX and 

paraprotein (rs = 0 , 20; p = 0.01), and there is a weak, positive and statistically 

significant correlation between β-CTX and β2 microglobulin (rs = 0.29; p <0.01). 

But no statistically significant correlation was found between β-CTX and LDH 

levels (p = 0.62). 

In the correlation analysis, it can be observed that with increasing ECOG, 

β-CTX also increases (Figure 2.20), which is also confirmed by the calculated 

Spearman correlation coefficient (rs = 0.28; p = 0.001). 

 

 

Figure 2.20. β-CTX changes at different ECOGs 

 

2.4.4 Evaluation of diagnostic tests 
 

Analyzing the suitability of bALP for the diagnosis of MM patients using 

the ROC curve, it was found that bALP is not suitable for diagnosis (AUC = 0.5; 

p > 0.05), see Figure 2.21 a). In contrast, β-CTX was found to be an excellent 
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diagnostic indicator of MM bone disease (AUC = 0.91; p < 0.001; 95% CI:  

0.88–0.94), see Figure 2.21 b). 

 

a) b)  

Figure 2.21. a) bALP and b) β-CTX marker ROC curve of the diagnostic 

test for all subjects in the study 

 

Table 2.8 

β-CTX cut-off values for control/MM patients by sex and age 
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Females 

51–70 

0.91; 

<0.001; 

(0.85–0.97) 

0.79 
80  

(63–91) 

92  

(79–88) 

58  

(43–71) 

97  

(94–99) 

>70 

0.87; 

<0.001; 

(0.79–0.96) 

0.82 
68  

(56–83) 

92  

(84–96) 

73  

(54–87) 

90  

(54–87) 

Males 

51–70 

0,92; 

<0.001; 

(0.84–0.99) 

0.79 
75  

(53–90) 

93  

(82–98) 

85  

(63–96) 

88  

(76–96) 

>70 

0.80; 

<0.001; 

(0.67–0.94) 

0.87 
62  
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(87–98) 

88  
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The calculated cut-off value for β-CTX for all patients regardless of 

gender and age for control group/MM patient diagnosis was 0.79 ng/ml  

(Sp = 91% (95% CI: 88-94); Se = 82% (95% CI: 69- 85); PPV = 72%  

(95% CI: 63– 79;); NPV = 93% (95% CI: 90-95)). 

Of the total number of patients, β-CTX was less than 0.79 ng/ml in  

27 (22.13%) patients and greater than 0.79 ng/ml in 95 (77.87%) patients. 

Analysis of the β-CTX cut-off value of 0.79 ng/ml in relation to the degree of 

bone damage revealed a statistically significant association between the two traits 

(p < 0.001). In patients without bone lesions, 22 patients had β-CTX less than 

0.79 ng/ml and 15 patients had β-CTX greater than 0.79 ng/ml (see Table 2.9). 

 

Table 2.9 

Cut-off values for β-CTX at different degrees of bone lesions 

β-CTX 
< = 0.79 ng/ml 

(N = 27; 22.13%) 

> 0.79 ng/ml 

(N = 95; 77.87%) 
p 

Degree of bone lesion 

Absent 22 (81.5%) 15 (15.8%) – 

1 1 (3.7%) 5 (5.3%) < 0.001 

2 1 (3.7%) 10 (10.5%) – 

3 3 (11.1%) 65 (68.4%) – 

 

2.4.5 Comparison of β-CTX and bALP with control group 
 

Analyzing the β-CTX and bALP values of the control and study groups 

(see Table 2.10), it was found that the median value of β-CTX for the study group 

was statistically significantly higher than for the control group (p < 0.001), while 

the median bALP for the control and study groups did not differ significantly 

(p = 0.55). The bALP and β-CTX box diagrams are shown in Figure 2.22.  
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Table 2.10 

Characterization of MM and control group β-CTX  

and bALP at the time of disease diagnosis 

– 
MM 

(N = 123) 

Controls 

(N = 1128) 
p 

β-CTX, ng/mL 

M (SD), min–max 1.11 (0.596); 0.114–3.22 0.410 (0.242); 0.03–2.50 – 

Median [Q1–Q3] 0.975 [0.813–1.29] 0.371 [0.234–0.543] < 0.001 

bALP, µg/L 

M (SD), min–max 13.0 (6.78); 4.20–45.0 13.5 (12.8); 1.50–217 – 

Median [Q1–Q3] 11.2 [8.73–16.0] 10.9 [8.40–15.2] 0.55 

 

a)   b)  
Figure 2.22. Box diagrams of MM patients and control groups: 

a) β- CTX, b) bALP 

 

2.5 Plasma cell structure analysis 
 

Plasma cells were divided into 6 types: 1) Marschalko, 2) small cell, 

3) cleaved, 4) polymorphic, 5) asynchronous, and 6) plasmoblastic cell type. 

These types were further divided into 3 myeloma cell prognostic groups using 

the Bartl scoring system (Bartl et al., 1987): low malignancy (Marschalko and 

small cell type), moderate malignancy (cleaved cell, polymorphic and 

asynchronous cell type) and high malignancy (plasmoblastic cell type). 

Marschalko-type – the most common type. Most of the cells have an 

oval or round shape, an eccentrically arranged nucleus with chromatin arranged 

similarly to the course of the wheel spokes, the perinuclear Golgi apparatus area, 
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and the basophilic cytoplasm (Figure 2.23). Cell size is around 20–21 μm.  

In some cases, mitosis is seen. About 10% of Marschalko plasma cells show  

the broadest cytoplasm with organoids. 

 

 

Figure 2.23. Marschalko-type (hematoxylin / eosin staining, 250) 

 

The small cell type is dominated by small (on average 13 μm), round 

cells. The cell nucleus is characterized by a dense arrangement of chromatin 

grains, the cytoplasm surrounds the cell nucleus in a narrow layer (Figure 2.24). 

Similar to Marschalko-type plasma cells, the perinuclear Golgi apparatus can be 

seen, but the nucleolus of the cell nucleus is usually invisible. Mitotic figures are 

usually not seen either. 
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Figure 2.24. Small cell type (hematoxylin/eosin staining, 250) 

 

The cleaved cell type – most plasma cells are characterized by a divided, 

broken, sometimes curved nucleus that varies greatly in size. Cytoplasm is 

smaller than in a Marschalko-type plasma cell, but the area of the Golgi apparatus 

is often visible. 

The polymorphic cell type is characterized by cellular polymorphism, 

often seen as multinucleated and giant cells (black arrow). Plasma cells with  

the perinuclear Golgi apparatus area can be identified (Figure 2.25). 
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Figure 2.25. Polymorphic cell type (hematoxylin/eosin staining, 250) 

 

Asynchronous cell-type plasma cells are characterized by large, 

eccentrically arranged nuclei with pronounced nucleoli and basophilic 

cytoplasm. The Golgi apparatus area is also pronounced. Lymphocytes and 

Marschalko-type plasma cells can also be detected. 

Plasmoblastic type – plasmoblasts with a large nucleus, with  

a pronounced, centrally located nucleolus. The Golgi complex area is usually not 

seen. Marschalko-type cells and lymphocytes can be seen. 

Analyzing the distribution of plasma cell malignancy in patients with and 

without bone lesions, it was found that in patients with bone lesions, moderate 

plasma cell malignancy grade is 1.6 times more common than in patients without 

bone lesions and this difference is statistically significant, see Figure 2.26. In 

contrast, patients with high plasma cell malignancy grade are 5 times more likely 

to experience bone lesions than no bone lesions, and this difference is  

statistically significant, see Figure 2.26.  
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Figure 2.26. Distribution of plasma cell malignancy grades in patients 

1) with bone lesions, 2) without bone lesions 

 

2.6 Analysis of DKK-1 expression in myeloma cells 
 

Plasma cells were evaluated based on morphological examination. 

DKK-1 expression levels are shown in Figures 2.27, 2.28 and 2.29. 

 

 

Figure 2.27. Low expression of DKK-1 
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Figure 2.28. Moderate expression of DKK-1 
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Figure 2.29. Pronounced expression of DKK-1 

 

Using Fisher's exact statistical test, a statistically significant association 

was found between DKK-1 expression levels and patients with and without bone 

lesions (p = 0.02). The expression level of DKK-1 is higher in patients with bone 

lesions and they have more cases of moderate and pronounced expression. In 

contrast, pronounced levels of DKK-1 expression were not observed in patients 

without bone lesions, see Figure 2.30. 
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Figure 2.30. Distribution of DKK-1 expression levels in patients  

with and without bone lesions 
 

Pronounced expression of DKK-1 is more common in patients with 

moderate plasma cell malignancy. In patients with a high grade of plasma cell 

malignancy, DKK-1 is expressed in all cases (Figure 2.31). 

 

 

Figure 2.31. Distribution of DKK-1 expression levels at plasma cell 

malignancy levels 
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Analyzing the correlation between the plasma cell malignancy grade and 

β-CTX, no statistically significant correlation was found (p > 0.05), however, as 

shown in Figure 2.32, there is a tendency for β-CTX to increase at a higher grade 

of malignancy. 

 

 

Figure 2.32. Box diagrams of β-CTXs at different grades 

 of plasma cell malignancy 
 

A similar trend, although not statistically significant (p > 0.05) – an 

increase in β-CTX at a more pronounced level of DKK-1 expression – was also 

observed, see Figure 2.33. 
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Figure 2.33. Box diagrams of β-CTX at different levels  

of DKK1 expression 

 

Evaluation of β-CTX at different levels of DKK-1 expression in patients 

with bone lesions and without bone lesions showed that patients with bone 

lesions tend to have an increase in β-CTX with a higher degree of DKK-1 

expression, whereas patients without bone lesions do not show such a visually 

observable trend, see Figure 2.34. 
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Figure 2.34. Box diagrams of β-CTX at different levels of DKK-1 

expression 1) with bone lesions, 2) without bone lesions 
 

Similarly, there was an observable trend of increase in β-CTX with 

a higher grade of plasma cell malignancy in patients with bone damage, whereas 

no such correlation was observed in patients without bone damage, see 

Figure 2.35. 
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Figure 2.35. Box diagrams of β-CTX at different grades of plasma cell 

malignancy in patients a) with bone lesions, b) without bone lesions 
 

Statistical analysis using Fisher 's exact test revealed that no statistically 

significant association was observed between DKK-1 and β-CTX above or below 

the cut-off value (0.79 ng/mL) (p = 0.25), however, it was observed (Fig. 2.36) 

that there are more patients with moderate to severe DKK-1 expression above 

the value of 0.79 ng/mL. 
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Figure 2.36. DKK1 expression distribution at β-CTX a) below the cut-off 

value (0.79 ng/mL), b) above the cut-off value (0.79 ng/mL) 
 

Statistical analysis using Fisher's exact test showed that there was no 

statistically significant association (p = 0.88) between plasma cell malignancy 

levels and β-CTX below or above the cut-off value (0.79 ng/mL), however, 

(Figure 2.37) it was observed that there were more patients with moderate to high 

grade plasma cell malignancy above the cut-off value of 0.79 ng/mL. 

 

 

Figure 2.37. Plasma cell malignancy distribution  

at β-CTX cut-off value of 0.79 ng mL 
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Correlation analysis between plasma cell malignancy and calcium (Ca) 

did not show a statistically significant correlation (p = 0.16), nor was  

a statistically significant difference between plasma cell malignancy and  

Ca (p = 0.16) observed in the group comparison using the Wilcoxon test  

(p > 0.05), see Figure 2.38. 

 

 

Figure 2.38. Box diagram of Ca levels at different grades  

of plasma cell malignancy 
 

No statistically significant correlation was found in the correlation 

analysis between DKK-1 and calcium (Ca) (p = 0.06), nor was there a statistically 

significant difference between DKK-1 and Ca (p > 0.05) in the group comparison 

using the Wilcoxon test, see Figure 2.39. 

  



61 

 

Figure 2.39.  Box diagrams of Ca levels at different levels  

of DKK-1 expression 
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3 Discussion 
 

The doctoral thesis is devoted to MM, which is the only nosology of 

oncological haematological diseases with secondary skeletal damage, which is 

often found already at the time of diagnosis in up to 80% of patients, but during 

the disease course it develops in up to 90% of patients. Bone disease, especially 

pathological fractures, significantly affects the patient's quality of life. Although 

imaging plays an important role in the diagnosis and treatment of MM patients, 

in most cases it does not contribute to early detection of bone disease and does 

not provide information on bone formation and resorption; the study aimed to 

identify optimal laboratory and molecular biological methods for early detection 

and monitoring of MM bone disease. Osteolysis, osteopenia, pathological 

fractures, or a combination thereof are usually detected radiologically. 15–20% 

of patients have abnormal fractures and 5% experience spinal cord compression. 

Current guidelines state that X-rays, CT scans, MRIs should be performed 

at the time of diagnosis of MM or only if the patient has complaints. However, 

changes in bone occur before the patient complaints and before radiologically 

confirmed bone changes. PET/CT can be used to detect early bone damage, but 

their widespread use is limited by the high cost of the examination. It is also 

important to note that osteoporosis is not included in the criteria for symptomatic 

MM, and Muchtar (2017) in his study confirms the ineffectiveness of 

densitometry in the diagnosis of MM patients. 

The doctoral thesis consists of two parts of the research, which are united 

by the study of prognostic factors of multiple myeloma bone disease. Two 

biochemical markers of bone metabolism and the grade of myeloma cell 

malignancy, and DKK1 expression, determined by bone marrow trephine biopsy, 

were studied. 

  



63 

MM is typical for middle-aged or elderly patients and similar results were 

obtained in this study, where it was proved that the average age of patients in 

Latvia is 67.65 years (from 33 to 86 years). Of the patients enrolled in the study, 

70 (56.3%) were women and this differs from that described in the literature, 

which states that myeloma is more common in men (Landgren et al., 2009; 

Kristinsson, 2007; Kyle, 2003; Thorsteinsdottir, 2020). According to the data 

available in the database of the Central Statistical Bureau (CSB), there are 

269,564 women and 128,364 men in the age group over 65 among the Latvian 

population (i.e., a ratio of 2.1:1). This may explain the higher prevalence of 

myeloma among women in Latvia. 

Knowledge of the pathogenesis of MM has grown rapidly over the past 

decade and therapeutic options have evolved (Pawlyn, 2017). Therefore, research 

into bone disease is very important. Bone metabolism is a dynamic process that 

can be detected by a variety of biochemical markers in the blood or urine and by 

immunohistochemistry, obtaining tissue samples during an invasive procedure. 

The pathogenesis of bone disease is associated with generalized osteoclast (OC) 

activation. Samples of bone marrow biopsies from MM patients show a strong 

association between tumor, OC number, and resorption surface. Although altered 

function of OC is a major factor in the development of bone disease, reduced 

trabecular thickness and low calcification in bone marrow biopsy samples with 

osteolysis and reduced osteoblast (OB) counts indicate that OB activity is also 

impaired. This confirms that bone metabolism, in which OC and OB activity are 

closely related, is highly altered in MM patients. 

There are currently no high-sensitivity and specificity methods that can 

solve the clinical problem associated with early diagnosis and monitoring of bone 

disease in patients with MM. In recent years, there has been a significant increase 

in interest in non-invasive and inexpensive diagnostic and monitoring methods 

for MM bone lesions based on biochemical parameters. In 2010, the IMWG 

recommended markers of bone metabolism in clinical practice for the treatment 
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of MM patients (Terpos et al., 2010). These laboratory tests can assess  

the intensity of bone formation and bone resorption and serve to identify 

individuals with negative bone formation out of the total number of MM patients 

before the onset of clinical complaints or diagnostic signs of bone disease. 

"Markers of bone metabolism" is a broad-spectrum term for factors 

secreted by bone cells or which are products of bone degradation. They are not 

disease-specific and are used in both diagnosis and disease monitoring to 

improve the treatment of patients with various bone diseases such as Paget's 

disease, primary osteoporosis, tumor-induced osteomalacia, rheumatoid arthritis, 

type 2 diabetes and primary hyperparathyroidism. Based on the work of many 

authors, the determination of the dynamics of these markers allows the detection 

of a group of patients at increased risk of developing bone disease (Lipton et al., 

2007; Penq et al., 2015; Ting, 2016). 

Blood-derived CTX, NTX and urinary deoxypyridinoline (DPD), CTX, 

NTX, and others are known as markers of resorption. When considering the 

design of the study, the possibility of detecting DPD in urine was initially 

considered. However, based on the recommendations of the International 

Osteoporosis Foundation for osteoporosis and data from many authors (Park et 

al., 2018; Gurban et al., 2019) on the most accurate and best marker of resorption, 

it was decided to identify and analyze CTX in blood. A large proportion of MM 

patients have significant renal impairment and CTX is known to have a lower 

interaction with renal function compared to DPD. Therefore, in my work I chose 

to study CTX, which is a marker of bone resorption, and bALP, which is a marker 

of bone formation. 

Since the detection of biochemical markers is not invasive, monthly 

monitoring of the patient is therefore possible. Our study has conclusively 

demonstrated that β-CTX levels are higher in MM patients compared to control 

group individuals. In addition, β-CTX levels in MM patients at the time of 

diagnosis were lower in patients without bone damage and increased with  
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the degree of bone damage. In our study, 114 patients who received treatment 

showed positive dynamics. The study showed that in the context of effective 

chemotherapy and bisphosphonates, 84 of 114 patients had a significant 

reduction in median β-CTX compared to the pre-treatment level after 6 months 

of treatment. This confirms the sensitivity and specificity of this marker as a bone 

resorption marker, showing a reduction in osteolysis due to its inhibition by 

chemotherapy and bisphosphonates. At the same time, a reliable median increase 

in β-CTX was observed in 9 patients with advanced bone disease. The study also 

showed that patients with progressing bone disease had higher levels of β-CTX 

at the time of diagnosis compared with patients who later had a good response to 

treatment. High level of osteolysis marker correlated with clinical complaints and 

laboratory parameters. Elevated level of β-CTX in patients with disease 

progression indicates intense bone resorption against ineffective MM therapy. 

Ting (2016) and Pecoraro (2015) have also confirmed in their studies that 

the level of resorption marker (β-CTX) is higher in primary MM patients 

compared to control and remission patients and it decreases during treatment. 

This has also been confirmed in the works of other authors (Vallet et al., 2018; 

Liu Y et al., 2016). Ting in his study showed that β-CTX levels increased  

3–6 months before a relapse was confirmed, affirming that β-CTX can detect 

preclinical signs of bone disease before it can be detected by laboratory and 

radiological methods. This, in turn, would help avoid skeletal-related events with 

bone compression fractures. The authors also confirmed that β-CTX is elevated 

in MM patients during relapse, independent of bisphosphonate therapy. 

The cut-off value of β-CTX calculated in the doctoral thesis is 0.79 ng/ml 

and it differs depending on gender and age. Our study showed that of the total 

number of patients, β-CTX was less than 0.79 ng/ml in 22.13% of patients and 

greater than the cut-off value in 77.87% of patients. Analysis of the β-CTX cut-

off value for bone damage revealed a statistically significant association between 

the two traits. In patients without bone lesions, β-CTX was below the cut-off 
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value in 81% of patients, and in 68% of patients with 3rd degree bone lesions,  

β-CTX was below the cut-off. However, in a proportion of patients without bone 

damage, β-CTX was above the cut-off value. Probably one of the reasons for  

the increase in β-CTX in patients without bone disease is the systemic effect of 

MM disease on bone tissue, which is accompanied by an intensive increase in 

osteolysis. Therefore, in patients without confirmed bone lesions, increased bone 

metabolism cannot be ruled out due to early diagnostic difficulties. It has been 

shown in practice that patients with elevated markers usually develop bone 

disease. 

In our study, the diagnostic significance of β-CTX was determined based 

on the sensitivity and specificity of this parameter. β-CTX has marked sensitivity 

and specificity, which is confirmed by the data of our study, where the diagnostic 

sensitivity was 82% and the specificity was 91%, respectively. This confirms that 

β-CTX is an excellent diagnostic indicator of MM bone disease. 

Monoclonal gammopathy of undetermined significance (MGUS) is 

known to progress to myeloma disease in many patients. Vallet et al. in their 

2018 study of 241 patients found that markers of bone metabolism could be 

identified to predict the development of bone lesions in patients with MGUS at 

high risk of progression to myeloma. These results demonstrate that the bone 

resorption marker β-CTX is significantly higher in MM patients compared to 

MGUS patients. In addition, the lack of correlation with radiological evidence of 

bone loss may confirm early changes in β-CTX level. β-CTX level correlates 

with bone lesions detected by MRI and is a sensitive marker for predicting bone 

disease before severe damage develops. The authors' 10-year follow-up data 

confirm that asymptomatic MGUS patients without an increase in β-CTX can be 

considered stable. As we also have data on many MGUS patients, it would be 

useful for this group of patients to determine the dynamics of β-CTX level in 

order to diagnose patients at high risk of progression to myeloma with bone 

lesions.  
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The main treatment for MM patients is chemotherapy and 

bisphosphonates. Bisphosphonates are known to be inhibitors of osteoclast-

induced bone resorption, which significantly reduces bone pain, the incidence of 

abnormal fractures and other complications in patients with MM, and 

significantly reduces the level of resorption markers. In vitro data confirm that 

bisphosphonates also have a direct cytotoxic effect on tumor cells and inhibit 

tumor-stromal cell interactions. However, despite positive results in vitro and in 

vivo, neither clinical studies confirm either a reduction in the development of 

symptomatic MM or a prolongation of survival in patients receiving 

bisphosphonates. 

Sometimes it is difficult to find the best time to start these medications. 

Several studies (Corso, 2001) have shown that even in asymptomatic patients 

without any clinically or radiologically confirmed bone damage, bone 

metabolism may be altered. In addition, there has been a recent trend to start 

chemotherapy in such patients as early as possible. It is still unclear whether 

bisphosphonates should be prescribed to patients with dormant myeloma or 

MGUS, or stage 1 MM without lytic bone lesions who are not receiving 

concomitant chemotherapy. Markers of bone metabolism may help in this regard 

(Diamond et al., 2001). On the other hand, the population of asymptomatic 

patients is not homogeneous and the time to progression is from several months 

to several years. For example, 50% of patients with dormant MM do not progress 

to myeloma disease within 5 years, but 30% do not progress after 10 years. 

Numerous studies have analyzed results that suggest the clinical 

significance of markers for evaluating the efficacy of bisphosphonate therapy 

(Kyle, 2007; Coleman et al., 2012; Pozzi et al., 2011; Soe et al., 2014; Lee et al,. 

2012).  

Studies (Terpos, 2005) have confirmed that there is a large group of 

patients who do not respond and are refractory to bisphosphonate therapy and 

this is confirmed by an increase in β-CTX. These patients have a higher risk of 
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skeletal-related events and disease progression compared to patients who have 

responded to bisphosphonate therapy and whose bone resorption has returned to 

normal. 

The median survival of MM patients has increased in recent years due to 

new and effective specific chemotherapy and bisphosphonate therapies. 

Because long-term use of bisphosphonates can cause osteonecrosis of the 

jaw, stress fractures, and decreased renal function, there is a need to find  

a method to determine patients who can safely discontinue bisphosphonate 

therapy (Patel et al., 2014; Oh et al., 2007; Weide et al., 2010; Soe et al., 2014). 

Bone resorption markers could be used to identify patients with increased bone 

metabolism and an increased risk of developing osteonecrosis of the jaw. 

Unfortunately, currently there are insufficient data on the routine use of these 

markers to predict the development of osteonecrosis of the jaw. 

Analyzing the association of β-CTX with laboratory parameters, our 

study had a positive correlation between β-CTX and β 2 microglobulin, calcium 

and PP levels, plasma cell infiltration in the bone marrow and ECOG, but  

a negative correlation between β-CTX and albumin, Hb levels, Karnofsky index 

and calcium levels. This differs from the data of the study of Terpos (2014), 

where only a weak correlation was found between β-CTX and β 2 microglobulin 

levels, and albumin levels. In contrast, no correlation was found between  

β-CTX and LDH levels in our study. 

The obtained clinical data of β-CTX, a specific indicator for monitoring 

of bone resorption, demonstrate the efficacy of treatment. It is therefore 

appropriate to include it in the monitoring plan for patients with and without bone 

disease in order to increase the awareness and economic benefits of monitoring, 

as well as to improve treatment outcomes and patients' quality of life. It should 

be noted that our data are consistent with the results of other authors, which show 

the clinical significance of the β-CTX marker. In case of progression of bone 
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damage, regular determination of β-CTX is necessary to evaluate  

the effectiveness of treatment and to optimize treatment tactics. 

The NCC guidelines recommend the detection of β-CTX at 6-12 month 

intervals in MM patients with plateau phase of the disease who have favorable 

prognostic factors (low disease stage, ECOG up to grade 2, effective treatment). 

However, in patients with adverse prognostic factors (high disease stage, ECOG 

grade 3 and higher), it is recommended that β-CTX be measured every 3 months 

for early detection of disease progression. 

The biggest controversy in the literature is about the role of the bone 

formation (bALP) marker in the early diagnosis and monitoring of bone damage 

in MM. In our study, no difference in bALP levels was observed between  

MM patients and control group individuals. Similarly, this was not observed in 

the studies of Ting (2016), Annibali (2015), and Kowalska (2010). In our study, 

when analyzing the median bALP, there were no statistically significant 

differences between the different degrees of bone lesion severity either at  

the time of diagnosis or when evaluating their level during the disease course. 

This could be explained by a decrease in bone formation due to imbalance in 

resorption and formation. Such results were also found in the Ting's (2016) study. 

Two independent studies (Dizdar, 2005, Politou, 2004) confirmed that patients 

with MM and bone lesions had lower bALP levels compared to controls and 

patients with MGUS. This was explained with a decrease in bone formation in 

MM patients. In some studies (Lund et al., 2010), bALP levels increased in some 

cases and decreased in others during treatment. Zangari (2011) confirmed in their 

study that bALP levels increased in patients after a positive response to 

chemotherapy and that this increase correlated with a decrease in serum DKK-1 

levels. Terpos (2014) in his study demonstrated that chemotherapy reduces bone 

resorption but does not affect bone formation. 
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Therefore, in our study, β-CTX has shown a greater prognostic role in  

the development of bone lesions and in the evaluation of patients' treatment 

efficacy compared to bALP. 

Various requirements for the use of bone metabolism markers in clinical 

practice differ from scientific studies. Bone resorption markers are associated 

with circadian rhythms and decrease after eating. Szulc (2017) recommends 

taking the patients' analyses from 7.30 to 10.00 on an empty stomach. This must 

be done in a tube with EDTA. In contrast, bone formation markers do not have  

a strict circadian rhythm and analyses can be taken at any time of the day.  

Since these markers have large diurnal variations and they are not utilised often 

enough to be a good standard for both interpretation of results and performing 

analyses, they are not currently widely used in clinical practice. To standardize 

our study, analyses were performed on all patients at 7 in the morning on an 

empty stomach. It was recommended that outpatient patients be tested by 9 a.m. 

on an empty stomach. 

Clinicians should consider the need for fasting, recent fractures, age, 

menopausal period in women, the renal and hepatic status when prescribing and 

interpreting markers of bone metabolism as these factors could provide erroneous 

results. Patients with severe renal impairment have significantly higher levels of 

β-CTX compared to patients with normal renal function. Ting (2016) 

recommends that β-CTX should be determined with caution in patients with  

GFR < 30 ml/min/1.73 m2. In contrast, patients with moderate renal impairment 

(GFR 30–60 ml/min/1.73) do not differ in β-CTX levels from patients with 

normal renal function. 

Markers of bone metabolism can be detected in both blood and urine. As 

all of these markers have a high individual variability, estimated at about 10% in 

the blood and 15–25% in the urine, this limits the use of the markers in daily 

practice. 
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Evidence-based literature also demonstrates an important role for vitamin 

D in bone metabolism, although the exact mechanism is unknown. Some studies 

(Khadka et al., 2018) have found that patients with vitamin D deficiency have 

higher levels of bone metabolism markers (CTX, bALP). In many of our patients 

we were unable to obtain data on vitamin D, therefore there are no data on 

vitamin D and its correlation with bone metabolism markers. 

The combination of markers of bone resorption and formation and other 

laboratory parameters as well as imaging techniques could improve  

the examination and treatment of MM patients. 

Because all MM patients undergo bone marrow histology for diagnostic 

purposes, simultaneously osteoclast and osteoblast activity can be estimated 

quantitatively at the time of diagnosis, but it cannot be used for regular bone 

disease monitoring (Bataille et al., 1992; Abildgaard et al., 2004; Eastell et al., 

2018). 

Bone marrow examination provides the necessary information about the 

degree of plasma cell infiltration in the bone marrow and their morphological 

characteristics. It, together with immunohistochemistry, is included in  

the guidelines for diagnostic tests of both the International Myeloma Group and 

the NCCN. 

DKK1 is a protein that inhibits the Wnt signaling pathway, which in turn 

plays an important role in embryogenesis, organogenesis and homeostasis. This 

cascade of the signaling system is the basis of normal physiological processes, 

such as cell proliferation, tissue regeneration, embryonic development, and it is 

regulated in various ways. Therefore, changes in the signaling pathway cause 

complications and may contribute to the development of various diseases such 

as tumors, bone diseases, autoimmune diseases, diabetes, and Alzheimer's 

disease (Huang Yu et al., 2018). DKK1 is expressed in bone cells – osteoblasts 

and osteocytes, mesenchymal stem cells, as well as in the skin, prostate, placenta 

and endothelium (Ke et al., 2012).  
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Immunohistochemical examination of plasma cells is very important in 

the diagnosis of MM. When working on the protocol and design of the study, the 

idea of the importance of double staining was considered. Based on the results 

of previous studies (Tian et al., 2003; Kristensen et al., 2014), the DKK1 protein, 

which is expressed in myeloma cells in patients with bone disease, was selected. 

The surface marker CD138 (syndecan-1) is often used in plasma cell studies. 

However, analysis of the literature suggests that myeloma cells often poorly 

express CD138 (Kawano et al., 2012). The role of another plasma membrane 

molecule, namely the CD56 molecule, in the detection of plasma cells was also 

considered in this study. Membrane glycoprotein CD56 is expressed by NK cells 

and osteoblasts as well as myeloma cells (Harrington et al., 2009). Considering 

the technical difficulties in identifying and quantifying the products of the double 

staining reaction, determining the cytoplasmic and membranous reaction, as well 

as the significance of this reaction, it was decided to perform the determination 

of DKK-1 immune expression. 

Several studies have shown that DKK-1 plays a major role in  

the development of lytic bone lesions (Liu, 2018; Hameed, 2014). In addition,  

a persistently high level of DKK-1 in the bone marrow in MM patients has been 

shown to reduce the activity of osteoblast progenitors. 

Our study determined the level of DKK 1 expression at different stages 

of MM disease, suggesting the role of DKK 1 in the development of bone lesions 

using bone marrow trephine biopsy material obtained from 49 MM patients. 

These patients had both bone lesions and no bone lesions. 

The study found that moderate to severe DKK-1 expression was 

significantly more common in bone marrow samples of the patients with bone 

lesions compared to samples from patients without osteolytic bone lesions. These 

results are consistent with the results of Ida B. Kristensen in 2014 and Heath in 

2009, which showed that DKK1 expression in plasma cells correlated with bone 
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damage. As in the study published by Heath (2009), no pronounced DKK1 

expression was observed in this study in patients without bone lesions. 

The Wnt signaling pathway is involved in several aspects of myeloma 

disease. By secreting Wnt antagonists, including DKK-1, myeloma cells upset 

the balance between bone formation and bone resorption. Subsequent disorders 

of bone homeostasis result in osteolytic bone lesions. This not only causes the 

direct and indirect growth of MM cells, which in turn leads to tumor progression, 

but is also the cause of bone pain and pathological fractures in MM patients. 

There are reports (Spaan et al., 2018) that the intrinsic canonical Wnt/β-catenin 

signaling pathway affects myeloma cell survival and thus promotes disease 

progression. In addition, the Wnt signaling pathway is associated with acquired 

drug resistance. This is most likely due to the interaction between MM cells and 

bone marrow stromal cells. Resistance to conventional therapies is a clinical 

problem and adversely affects patients' treatment outcomes. Therefore, Wnt 

signaling medication may be attractive as the choice of a new therapy. This could 

increase MM cell apoptosis and reduce DKK-1 secretion in the bone marrow 

microenvironment, thus contributing to a more successful and sustained response 

to therapy. 

In recent years, personalized therapy for MM patients has become 

relevant. This includes identifying the risk of bone disease development so that 

the most appropriate treatment can be found for each patient. 

Terpos (2018) has confirmed in his article that by reducing DKK-1 levels, 

it is possible to improve the efficacy of therapy and normalize bone metabolism. 

Other authors (Spaan, 2018, and Heath, 2009) have shown that anti-DKK-1 

therapy increases the rate of bone formation by 25% and the mineralizing surface 

by 28%, and have suggested that restoring osteoblast differentiation may prevent 

the development of osteolytic bone lesions, providing an effective therapeutic 

approach to the treatment of this disease. 
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Based on plasma cell morphology, myeloma is divided into mature, 

immature plasma cell- and plasmoblastic variants. In our study, the structure of 

malignant plasma cells was investigated and the morphological variants of 

plasma cells were confirmed. Based on Bartl's (1987) study, 6 histological 

variants of plasma cells were confirmed, which were divided into 3 plasma cell 

malignancy grades. The study confirmed the correlation of plasma cell 

morphological variants with the severity of bone damage in MM patients. 

Because there were more patients with bone lesions in the study, more 

plasma cell malignancy grades were determined in patients with bone damage 

than in patients without bone damage. Patients with bone lesions have more high 

grade malignancy plasma cells compared to patients without bone lesions. 

The results of studies by Bartl (1987) and Fujino (2018) confirm 

reduced survival and poorer prognosis in patients with higher plasma cell 

infiltration in the bone marrow and with immature and plasmoblastic plasma cell 

morphology. Because our study has shown an increased risk of bone disease 

development in patients with plasmoblastic cells, it can be concluded that these 

patients have a reduced average survival compared to patients with mature 

plasma cells in the bone marrow. A study by Subramanian (2009) has shown that 

bone marrow examination is necessary not only for diagnostic, but also for 

prognostic purposes. Plasma cell morphology and the degree of infiltration are 

significantly correlated with the stage of the disease. 

At the same time, our results show that DKK-1 expression levels differ 

significantly compared to low, medium, and high plasma cell malignancy levels. 

Expression of DKK-1 is more common in patients with moderate plasma cell 

malignancy. In patients with high grade plasma cell malignancy, DKK-1 is 

expressed in all cases. 

In our study, when analyzing the correlation between plasma cell 

malignancy and β-CTX, no statistically significant correlation was found 

(p > 0.05), however, a tendency for β-CTX to increase at higher malignancy 
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grade was observed. There is also a similar tendency for β-CTX to increase at  

a more pronounced level of DKK-1 expression. 

Evaluation of β-CTX at different levels of DKK-1 expression in 

individual patients with and without bone lesions revealed a tendency for an 

increase in β- CTX in patients with bone lesions with more pronounced  

DKK-1 expression, but no such visual trend was observed in patients without 

bone lesions. 

Similarly, there was a trend for an increase in β-CTX with a higher grade 

of plasma cell malignancy in patients with bone lesions, whereas no such 

correlation was observed in patients without bone lesions. 

Although no statistically significant association was found (p = 0.25) 

between DKK-1 and β-CTX above or below the cut-off value (0.79), more 

patients with moderate to severe DKK1 expression were observed above the cut-

off value. There was also no statistically significant (p = 0.88) association 

between plasma cell malignancy and β-CTX above or below the cut-off value 

(0.79), but more patients with moderate to high plasma cell malignancy were 

observed above the cut-off value. 

In conclusion, evaluation of bone marrow biopsy results remains an 

essential component of the diagnosis of MM. As bone disease is the most 

common complication of MM, the detection of DKK-1 in biopsies may provide 

additional information for the interpretation of this clinically important aspect of 

the disease. 

Thus, routine trephine biopsy in all primary MM patients can be used to 

determine the grade of myeloma cell malignancy and the level of DKK-1 

expression, which correlates with bone damage in MM patients. 

In contrast, the use of biochemical markers of bone metabolism can 

determine the risk of bone lesion development both at the time of diagnosis and 

in the dynamics of the disease and evaluate the effectiveness of therapy. 
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Based on the fact that plasma cells are formed from B lymphocytes,  

MM belongs to the group of B cell malignancies, which also includes non-

Hodgkin's lymphoma. Today, non-Hodgkin's lymphomas are histologically 

classified according to the WHO's 2016 classification of lymphoid tumors 

(Swerdlow et al., 2016), which has a clinical and prognostic significance. 

Therefore, the use of plasma cell malignancy and the degree of DKK-1 

expression in the histological classification of MM would be recommended. 

As a result, combining blood biochemical markers and other laboratory 

parameters, bone marrow DKK-1 expression in plasma cells and plasma cell 

morphological variants with radiological studies, it is possible to assess the risk 

of bone lesion development in patients, determine treatment efficacy and help 

decide when to start and stop bisphosphonate therapy in patients with  

MM disease. 

In recent years, the prognosis of MM patients has improved significantly 

due to the widespread use of autologous stem cell transplants and new  

drugs that affect both myeloma cells and the microenvironment. However,  

bone disease control remains a therapeutic challenge for these patients,  

since a multidisciplinary team of hematologists, radiologists, pathologists, 

neurologists and neurosurgeons is involved in their treatment. 
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Conclusions 

 
1. The levels of β-CTX, the marker of bone metabolism resorption, are higher 

in MM patients compared to control patients. β-CTX levels are statistically 

significantly correlated with the severity of bone lesions in multiple 

myeloma. 

2. Patients who responded to treatment had a reduction in β-CTX levels 

compared to baseline. In contrast, there was an increase in β-CTX levels in 

patients who did not respond to treatment. 

3. The level of bALP, the marker of bone metabolism formation, does not 

differ between MM patients and controls. Changes in bALP levels do not 

correlate with the development of bone disease or the severity of bone 

lesions. 

4. The expression level of DKK-1 is higher in MM patients with bone lesions 

than in MM patients without them. 

5. Patients with bone lesions have more high-grade malignancy plasma cells 

compared to patients without bone lesions. 
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Practical recommendations 

 
To assess the risk of bone disease and its development in the case of 

myeloma, it is recommended: 

1. To determine the level of β-CTX in the blood, as well as the degree 

of DKK-1 expression and the grade of plasma cell malignancy in  

the histological examination of the bone marrow for all patients at 

the time of myeloma diagnosis.  

2. To measure β-CTX levels during the course of the disease (every 

6 months) in order to assess the effectiveness of therapy. 

  



79 

Publications and presentations on the topic of the thesis 
 

Internationally cited publications 
 
1. Auzina, D., Beinaroviča, I., Janicka- Kupra, B., Lejniece, S., Lejnieks, A., Groma, V. 

2020. Dickkopf-related Protein 1 expression in bone marrow of Multiple Myeloma 

patients: correlation with bone disease and plasma cell malignancy type. Experimental 

Oncology. 42(4), 285–288. 

2. Auzina, D., Erts, R. and Lejniece, S. 2017, March. Prognostic value of the bone 

turnover markers in multiple myeloma. Experimental Oncology. 39(1), 53–56.  

3. Auzina, D., Slaidina, A., Sevastjanova, M., Erts, R., Lejnieks, A. and Lejniece, S. 

2019. A population based study of multiple myeloma patients with medication-related 

osteonecrosis of the jaw. Stomatologija, Baltic Dental and Maxillofacial Journal. 21, 

13–17. 

 

Locally cited publications 
 
1. Nazarovs, J., Lejniece, S., Breikša, A., Auziņa, D. un Kleina, R. 2016. Mielomas šūnu 

morfoloģisko un imūnhistoķīmisko prognostisko parametru raksturojums un to 

saistība ar nieru funkcionālajiem rādītājiem. Zinātniskie raksti : 2015. g. medicīnas 

nozares pētnieciskā darba publikācijas. Rīga: Rīgas Stradiņa universitāte, 282–292. 

 

Oral presentations at international conferences 
 
1. Auzina, D., Trociukas, I., Nazarovs, J., Mahmajeva, O., Balode, D. and Lejniece, S. 

2019. Simultaneously diagnosed primary AL amyloidosis and multiple myeloma. 

RSU International Conference on Medical and Health Care Sciences, Knowledge For 

Use in Practice, 1–3 april. Riga, Latvia. 

2. Auzina, D., Beinarovica, I., Janicka-Kupra, B., Lejniece, S., Groma, V. and Lejnieks, 

A. 2019. Expression of dickkoph- related protein 1 and evidence of osteolysis in 

multiple myeloma patients. RSU International Conference on Medical and Health 

Care Sciences, Knowledge For Use in Practice, 1–3 april. Riga, Latvia. 

3. Auzina, D. 16. 09. 2016. New laboratory markers of bone disease in multiple 

myeloma. 10th Baltic Conference in Hematology. Riga, Latvia. 

 

Oral presentations at local conferences in Latvia 
 
1. Auziņa, D., Lejniece, S., Trociukas, I. u.c. 2017. Vienlaikus primāri  

diagnosticēta AL amiloidoze un mielomas slimība. Latvijas Ārstu kongresa tēzes 

(Rīga, 2017. g. 21.–23. sept.). Rīga: Latvijas ārstu biedrība, 1. Iegūts no: 

http://www.arstukongress.lv.  



80 

2. Auziņa, D., Lejniece, S. un Erts, R. 2017. Kaulu resorbcijas kontrole mielomas 

slimniekiem. 2017.gada  Zinātniskās konferences tēzes (Rīga, 2017. g. 6.–7. aprīlī). 

Rīga: Rīgas Stradiņa universitāte, 121. 

3. Auziņa, D., Lejniece, S. un Erts, R. 2017. Kaulu bojājumu analīze pacientiem ar 

mielomas slimību. 2017. gada zinātniskās konferences tēzes (Rīga, 2017. g. 

6.– 7.aprīlī). Rīga: Rīgas Stradiņa universitāte, 120. 

4. Auziņa, D., Daukšte, I. un Lejniece, S. 2016. Kaulu minerālā blīvuma noteikšana 

pacientiem ar mielomas slimību. 2016. gada zinātniskās konferences tēzes (Rīga, 

2016. g. 17.–18. martā). Rīga: Rīgas Stradiņa universitāte, 183. 

5. Auziņa, D., Lejniece, S. un Nazarovs, J. 2015. Rīgas Austrumu klīniskās universitātes 

slimnīcas Ķīmijterapijas un hematoloģijas klīnikā stacionēto mielomas slimnieku datu 

analīze. 2015. gada zinātniskās konferences tēzes (Rīga, 2015. g. 26.– 27. martā). 

Rīga: Rīgas Stradiņa universitāte, 265. 

6. Auziņa, D., Strēle, I., Lejniece, S. un Nazarovs, J. 2015. Izdzīvotības analīze 

pacientiem ar mielomas slimību. 2015. gada zinātniskās konferences tēzes (Rīga, 

2015. g. 26.–27. martā). Rīga: Rīgas Stradiņa universitāte, 264. 

 

Theses in international conferences 
 
1. Auzina, D., Beinaroviča, I., Janicka-Kupra, B., Lejniece, S., Groma, V. and Lejnieks, 

A. 2019. Expression of dickkoph- related protein 1 and evidence of osteolysis in 

multiple myeloma patients. RSU International Conference on Medical and Health 

Care Sciences, Knowledge for Use in Practice, 1–3 april. Abstracts. Riga, 55. 

2. Auzina, D., Trociukas, I., Nazarovs, J., Mahmajeva, O., Balode, D. and Lejniece, S. 

2019. Simultaneously diagnosed primary AL amyloidosis and multiple myeloma. 

RSU International Conference on Medical and Health Care Sciences, Knowledge for 

Use in Practice, 1–3 april. Abstracts. Riga, 602. 

3. Auzina, D., Erts, R., Balode, D. and Lejniece, S. 16.09.2016. Bone disease of patients 

with multiple myeloma in Latvia. 10th Baltic Conference in Hematology. Riga, 

Latvia. 

4. Auzina, D., Erts, R., Balode, D. and Lejniece, S. 16.09.2016. Monitoring of bone 

resorption in multiple myeloma. 10th Baltic Conference in Hematology. Riga, Latvia. 

5. Auzina, D., Lejniece, S. and Racenis, K. 2016. A population based study of primary 

simultaneous diagnosed multiple myeloma and AL amyloidosis in Latvia 

(2011– 2015). 3rd International Conference on Multiple Myeloma (Milan, Italy, Oct. 

7–9, 2016): Abstracts. Paris, Poster No.9. 

6. Auzina, D., Nikulshin, S., Mikajanskis, R., Balode, D. and Lejniece, S. 16.09.2016. 

IgA myeloma with extraosseous involvement and prominent tumor cell anaplasia in a 

very young patient. 10th Baltic Conference in Hematology. Riga, Latvia. 

  



81 

7. Nazarovs, J., Kleina, R., Lejniece, S. and Auzina, D. 2015, Sept. Bone marrow 

morphology and immunohistochemistry as a prognostic factor of renal insufficiency 

in case of multiple myeloma. Virchows Archiv. 467(1), 194. 

8. Auzina, D., Lejniece, S., Nazarovs, J. and Strele, I. 2015, June. A population based 

study of newly diagnosed multiple myeloma patients in Latvia (2007–2009 years). 

Haematologica. 100(1), 518.  

9. Auzina, D., Lejniece, S. and Nazarov, J. 2014. Renal failure of newly diagnosed 

patients with multiple myeloma in Latvia 2009–2013 data. 2nd International 

Conference on Multiple Myeloma (Athens, Greece, Nov.7–9, 2014): Abstracts. 

Athens, Poster No.7. 

10. Auzina, D., Lejniece, S., Blimhena, I. and Nazarovs, J. 2014. Hypercalcemia in case 

of multiple myeloma in Latvia 2009-2013 data. XXXV World Congress International 

Society of Hematology (Beijing, China, Sept. 4–6): Abstracts Book. Beijing, 

EP- 08- 008. 

11. Auzina, D. and Lejniece, S. 2014. Bone disease in case of newly diagnosed myeloma 

patients in Latvia. 9th Baltic Conference of Hematology (BCH) (Vilnius, Lithuania, 

Apr. 24–26): Final Programme and Abstract Book. Vilnius, 47–48. 

 

Theses at local conferences in Latvia 
 
1. Auziņa, D., Lejniece, S., Ņikuļšins, S. u.c. 2017. IgA mieloma ar ekstraosālu izplatību 

un izteiktu audzēja šūnu anaplāziju gados jaunam pacientam. Latvijas Ārstu kongresa 

tēzes (Rīga, 2017. g. 21.–23. sept.). Rīga: Latvijas ārstu biedrība, 1. Iegūts no: 

http://www.arstukongress.lv. 

2. Auziņa, D., Lejniece, S., Trociukas, I. u.c. 2017. Vienlaikus primāri  

diagnosticēta AL amiloidoze un mielomas slimība. Latvijas Ārstu kongresa tēzes 

(Rīga, 2017. g. 21.–23. sept.). Rīga: Latvijas ārstu biedrība, 1. Iegūts no: 

http://www.arstukongress.lv. 

3. Auziņa, D., Lejniece, S. un Erts, R. 2017. Kaulu bojājumu analīze pacientiem  

ar mielomas slimību. 2017. gada zinātniskās konferences tēzes (Rīga, 2017. g.  

6.–7. aprīlī). Rīga: Rīgas Stradiņa universitāte, 120. 

4. Auziņa, D., Lejniece, S. un Erts, R. 2017. Kaulu resorbcijas kontrole mielomas 

slimniekiem. 2017. gada zinātniskās konferences tēzes (Rīga, 2017. g. 6.–7. aprīlī). 

Rīga: Rīgas Stradiņa universitāte, 121. 

5. Auziņa, D., Daukšte, I. un Lejniece, S. 2016. Kaulu minerālā blīvuma noteikšana 

pacientiem ar mielomas slimību. 2016. gada zinātniskās konferences tēzes (Rīga, 

2016. g. 17.–18. martā). Rīga: Rīgas Stradiņa universitāte, 183. 

6. Auziņa, D., Lejniece, S. un Nazarovs, J. 2015. Rīgas Austrumu klīniskās universitātes 

slimnīcas Ķīmijterapijas un hematoloģijas klīnikā stacionēto mielomas slimnieku datu 

analīze. 2015. gada zinātniskās konferences tēzes (Rīga, 2015. g. 26.– 27. martā). 

Rīga: Rīgas Stradiņa universitāte, 265.  



82 

7. Auziņa, D., Strēle, I., Lejniece, S. un Nazarovs, J. 2015. Izdzīvotības analīze 

pacientiem ar mielomas slimību. 2015. gada zinātniskās konferences tēzes (Rīga, 

2015. g. 26.–27. martā). Rīga: Rīgas Stradiņa universitāte, 264. 

8. Nazarovs, J., Lejniece, S., Kleina, R. un Auziņa, D. 2015. Kaulu smadzeņu rutīnas 

morfoloģisko diagnostisko kritēriju novērtējums saistībā ar multiplās mielomas 

klīniski laboratoriskiem rādītājiem. 2015. gada zinātniskās konferences tēzes (Rīga, 

2015. g. 26.–27. martā). Rīga: Rīgas Stradiņa universitāte, 287. 

9. Nazarovs, J., Lejniece, S., Kleina, R. un Auziņa, D. Mielomas slimības un cukura 

diabēta saistības biežums un nozīme saslimšanas prognozē. 2015. gada zinātniskās 

konferences tēzes (Rīga, 2015. g. 26.–27. martā). Rīga: Rīgas Stradiņa  

universitāte, 286. 
  



83 

References 

1. Abe, M. 2011. Targeting the interplay between myeloma cells and the bone marrow 
microenvironment in myeloma. International Journal of Hematology. 94(4), 
334–343.

2. Abildgaard, N., Brixen, K., Eriksen, E. et al. 2004. Sequential analysis of 
biochemical markers of bone resorption and bone densitometry in multiple 
myeloma. Haematologica. 89, 567–577.

3. Abildgaard, N., Brixen, K., Kristensen, J. et al. 2003. Comparison of five 
biochemical markers of bone resorption in multiple myeloma: elevated pre-

treatment levels of S- ICTP and U-Ntx are predictive for early progression of 
the bone disease during standard chemotherapy. British Journal of Haematology. 
120, 235–242.

4. Akhmetzyanova, I., McCarron, M. J., Parekh, S. et al. 2020. Dynamic CD138 
surface expression regulates switch between myeloma growth and dissemination. 
Leukemia. 34(1), 245–256.

5. Alexandrakis, M. G., Passam, F. H., Malliaraki, N. et al. 2002. Evaluation of bone 
disease in multiple myeloma: a correlation between biochemical markers of bone 
metabolism and other clinical parameters in untreated multiple myeloma patients. 
Clinica Chimica Acta. 325, 51–57.

6. American Cancer Society. 19.01.2016. Signs and Symptoms of Multiple Myeloma 
American Cancer Society. Available from : http//www.cancer.org/cancer/multople-

myeloma/detection-diagnosis-staging/signs-symptoms.html [viewed 10.10.2017].

7. Ampil, F. L., Mills, G. M. 1999. Bone scintigraphy in plasma cell myeloma. 
Eur J Orthop Surg Traumatol. 9, 59–60.

8. Anagnostopoulos, A., Gika, D., Symeonidis, A. et al. 2005. Multiple myeloma in 
elderly patients: Prognostic factors and outcome. Eur J Haematol. 75, 370–375.

9. Anderson, K. C., Carrasco, R. D. 2011. Pathogenesis of myeloma. Annu Rev Pathol. 
6, 249–274.

10. Annibali, O., Petrucci, M. T., Santini, D. et al. 2015. Alkaline Phosphatase (ALP) 
levels in Multiple Myeloma (MM) and Cancer with bone lesions: Is there any 
difference? Clinical Lymphoma &Myeloma&Leukemia. 15(3), E125.

11. Auzina, D., Slaidina, A., Sevastjanova, M., Erts, R., Lejnieks, A., Lejniece, S. 2019. 
A  population based study of multiple myeloma patients with medication-related 
osteonecrosis of the jaw. Stomatologija, Baltic Dental and Maxillofacial Journal. 
21, 13–17.

12. Bačovsky, J., Ščudla, V., Vytrasova, M. et al. 2002. Monitoring of bone resorption 
and bone formation in multiple myeloma. Biomed.Papers. 146(2), 59–61.

13. Baffour, F. I., Glazebrook, K. N., Kumar, S. K., Broski, S. M. 2020. Role of imaging 
in multiple myeloma. American Journal of Hematology. 95(8), 966–977.



84 

14. Barlogie, B., Bolejack, V., Schell, M. et al. 2011. Prognostic factor analysis of 
myeloma survival with intergroup trial S9321 (INT 0141): Examining whether 
different variables govern different time segments of survival. Ann Hematol. 90, 
423–428.

15. Barlogie, B., Smallwood, L., Smith, T. et al. 1989. High serum levels of lactic 
dehydrogenase identify a high-grade lymphoma-like myeloma. Ann Intern Med. 
110, 521–525.

16. Bartel, T. B., Haessler, J., Brown, T. L. et al. 2009. F18-fluorodeoxyglucose 
positron emission tomography in the context of other imaging techniques and 
prognostic factors in multiple myeloma. Blood. 114, 2068–2076.

17. Bartl, R., Frisch, B., Burkhardt, R. et al. 1982. Bone marrow histology in myeloma: 
Its importance in diagnosis, classification and staging. Br J Haematol. 51, 361–375.

18. Bartl, R., Frisch, B., Fateh-Moghadam, A., Kettner, G. et al. 1987. Histologic 
classification and staging of multiple myeloma. A retrospective and prospective 
study of 674 cases. Am J Clin Pathol. 87, 342–355.

19. Bataille, R., Boccadora, M., Klein, B. et al. 1992. C-reactive protein and beta 2 
microglobulin produce a simple and powerful myeloma staging system. Blood. 80, 
733– 737.

20. Bataille, R., Chappard, D., Klein, B. 1992. Mechanisms of bone lesions in multiple 
myeloma. Hematology/Oncology Clinics of North America. 6, 285–295.

21. Bell, K. J., Hayen, A., Irwig, L. et al. 2012. The potential value of monitoring bone 
turnover markers among women on alendronate. J Bone Miner Res, 27, 195.

22. Bhattoa, H. P. 2018. Laboratory aspects and clinical utility of bone turnover 
markers. The electronic Journal of the International Federation of Clinical 
Chemistry and Laboratory Medicine. 29, 117–128.

23. Bingham, N., Reale, A., Spencer, A. 2017. An evidence-based approach to myeloma 
bone disease. Curr Hematol Malig Rep. 12(2), 109–118.

24. Birgegard, G., Gascon, P., Ludwig, H. 2006. Evaluation of anaemia in patients with 
multiple myeloma and lymphoma: findings of the European CANCER ANAEMIA 
SURVEY. Eur J Haematol. 77(5), 378–386.

25. Biver, E. 2012. Use of bone turnover markers in clinical practice. Curr. Opin. 
Endocrinol. Diabetes Obes. 19, 468–473.

26. Black, D. M., Kelly, M. P., Genant, H. K., Palermo, L., Eastell, R., Bucci-Rechtweg, 
C., Cauley, J., Leung, P. C., Boonen, S., Santora, A. et al. 2010. Bisphosphonates 
and Fractures of the Subtrochanteric or Diaphyseal Femur. N. Engl. J. Med. 362, 
1761–1771.

27. Blimark, C., Holmberg, E., Mellqvist, U. H. et al. 2015. Multiple myeloma and 
infections: a population-based study on 9253 multiple myeloma patients. 
Haematologica. 100(1), 107–113.



85 

28. Blom, J., Hansen, O. P., Mansa, B. 1980. The Ultrastructure of bone marrow plasma 
cells obtained from patients with multiple myeloma during the clinical course of the 
disease. Acta path microbiol Scand. 88, 25–39.

29. Body, J. J., Pereira, J., Sleeboom, H. et al. 2016. Health resource utilization 
associated with skeletal-related events: results from a retrospective European study. 
Eur J Health Econ. 17, 711–721.

30. Boyce, B. F., Xing, L. 2007. Biology of RANK, RANKL, and osteoprotegerin. 
Arthritis Research and Therapy. 9(1), S1–S7.

31. Boyle, E. M., Fouquet, G., Manier, S. et al. 2012. Immunomodulator drug-based 
therapy in myeloma and the occurrence of thrombosis. Expert Rev Hematol. 5(6), 
617–626.

32. Caers, J., Garderet, L., Kortüm, K. M. et al. 2018. European Myeloma Network 
recommendations on tools for the diagnosis and monitoring of multiple myeloma: 
what to use and when. Haematologica. 103(11), 1772–1784.

33. Cancer research UK. 11.03.2020. Myeloma incidence statistics. Available from: 
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-

by-cancer-type/myeloma/incidence#heading-Two [viewed 13.07.2020.].

34. Chantry, A., Kazmi, M., Barrington, S., Goh, V., Mulholland, N., Streetly, M., Lai, 
M., Pratt, G. 2017, Aug. British Society for Haematology Guidelines. Guidelines 
for the use of Imaging in the management of patients with myeloma. Br J Haematol. 
178(3), 380–393.

35. Chawla, S. S., Kumar, S. K., Dispenzieri, A. et al. 2015. Clinical course and 
prognosis of non-secretory multiple myeloma. Eur J Haematol. 95, 57–64.

36. Christoulas, D., Terpos, E., Dimopoulos, M. A. 2009. Pathogenesis and 
management of myeloma bone disease. Expert Rev Hematol. 2, 385–398 .

37. Chu, B., Lu, M. Q., Wu, M. Q. et al. 2016. Clinical characteristics of bone disease 
in multiple myeloma and clinical significance of monitoring bone metabolic 
markers. Zhonghua Yi Xue Za Zhi. 96, 1424–9.

38. Clark, R. E., Flory, A. J., Ion, E. M. et al. 2000. Biochemical markers of bone 
turnover following high-dose chemotherapy and autografting in multiple myeloma. 
Blood. 96, 2697–2702.

39. Clezardin, P. 2013. Mechanisms of action of bisphosphonates in oncology: 
a scientific concept evolving from antiresorp-tive to anticancer activities. Bonekey 
Rep. 2, 267.

40. Coleman, R., Costa, L., Saad, F. et al. 2011. Consensus on the utility of bone 
markers in the malignant bone disease setting. Crit.Rev. Oncol. Hematol. 80, 
411–432.

41. Coleman, R., Gnant, M., Morgan, G. et al. 2012. Effects of bone-targeted agents on 
cancer progression and mortality. J Natl Cancer Inst. 104(14), 1059–1067.

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/myeloma/incidence#heading-Two
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/myeloma/incidence#heading-Two


86 

42. Colucci, S., Brunetti, G., Oranger, A. et al. 2011. Myeloma cells suppress 
osteoblasts through sclerostin secretion. Blood Cancer. J 1, e27.

43. Comas-Calonge, A., Figueiredo, R., Gay-Escoda, C. 2017. Surgical treatment vs. 
Conservative treatment in intravenous bisphosphonate-related osteonecrosis of 
the jaws. Systematic review. 9(2), 302–307.

44. Corso, A., Arcaini, L., Mangiacavalli, S. et al. 2001. Biochemical markers of bone 
disease in asymptomatic early stage multiple myeloma. A study on their role in 
identifying high risk patients. Haematologica. 86, 394–398.

45. Dal Pra, K. J., Lemos, C. A. A., Okamoto, R. 2017. Efficacy of the C-terminal 
telopeptide test in predicting the development of bisphosphonate- related 
osteonecrosis of the jaw; a systematic review. International Journal of Oral 
Maxillofacial Surgery. 46, 151–156.

46. Dammacco, F., Rubini, G., Ferrari, C. et al. 2015. 18-F FDG PET/CT: a review of 
diagnostic and prognostic features in multiple myeloma and related disorders. Clin 
Exp Med. 15, 1–18.

47. De Stefano, V., Za, T., Rossi, E. 2014.  Venous thromboembolism in multiple 
myeloma. Semin Thromb Hemost. 40(3), 338–347.

48. Delgado-Calle, J. et al. 2016. Bidirectional notch signaling and osteocyte-derived 
factors in the bone marrow microenvironment promote tumor cell proliferation and 
bone destruction in multiple myeloma. Cancer Res. 76, 1089–1100.

49. Deligiorgi, M. V., Panayiotidis, M. I., Griniatsos, J., Trafalis, D. T. 2020. 
Harnessing the versatile role of OPG in bone oncology: counterbalancing RANKL 
and TRAIL signaling and beyond. Clinical & Experimental Metastasis. 37, 13–30.

50. Derlin, T., Bannas, P. 2014. Imaging of multiple myeloma: current concepts. World 
J Orthop. 5(3), 272–282.

51. Desikan, R., Jagannath, S., Richardson, P. et. al. 2004. Multiple myeloma and other 
plasma cell dyscrasias. Cancer management: a Multidisciplinary Approach. 

727–729.

52. Diamond, T., Levy, S., Smith, A. et al. 2001. Noninvasive markers of bone turnover 
and plasma cytokines differ in osteoporotic patients with multiple myeloma 

and monoclonal gammopathies of undetermined significance. Intern Med J. 31, 

272–278.

53. Dimopoulos, M. A., Barlogie, B., Smith, T. L., Alexanian, R. 1991. High serum 
lactate dehydrogenase level as a marker for drug resistance and short survival in 
multiple myeloma. Ann Intern Med. 115, 931–935.

54. Dimopoulos, M., Terpos, E., Comenzo, R. L., Tosi, P., Beksac, M., Sezer, O., 
Siegel, D., Lokhorst, H., Kumar, S., Rajkumar, S. V., Niesvizky, R., Moulopoulos,

L. A. & Durie, B. G. & IMWG. 2009. International myeloma working group 
consensus statement and guidelines regarding the current role of imaging techniques 
in the diagnosis and monitoring of multiple myeloma. Leukemia. 23, 1545–1556.



87 

55. Dimopoulos, M. A., Facon, T., Terpos, E. 2018. Multiple Myeloma and Other

Plasma Cell Neoplasms. Hematologic Malignancies. 25.

56. Dimopoulos, M. A., Hillengass, J., Usmani, S. et al. 2015. Role of magnetic

resonance imaging in the management of patients with multiple myeloma:

a consensus statement. J Clin Oncol. 33(6), 657–664.

57. Dimopoulos, M. A., Kastritis, E., Anagnostopoulos, A. et al. 2006. Osteonecrosis

of the jaw in patients with multiple myeloma treated with bisphosphonates: evidence

of increased risk after treatment with zoledronic acid. Haematologica. 91(7),

968–971.

58. Dimopoulos, M. A., Kastritis, E., Bamia, C. et al. 2009. Reduction of osteonecrosis

of the jaw (ONJ) after implementation of preventive measures in patients with

multiple myeloma treated with zoledronic acid. Ann Oncol. 20(1), 117–120.

59. Dimopoulus, M. A., Meletions, A., Facon et al. 2018. Multiple Myeloma and Other

Plasma Cell Neoplasms. Hematologic Malignancies. 110–131.

60. Dizdar, O., Barista, I., Kalyoncu, U. et al. 2005. Biochemical markers of bone

turnover in the diagnosis of myeloma bone disease. J Clin Oncol. 23(16), 585

(Abstract #6600).

61. Dytfeld, D., Sosnowski, P., Czyz, A., Komarnick, M. 2007. The role of the magnetic

resonance in diagnosis of multiple myeloma]. Pol Merkur Lekarski. 23, 85–88.

62. D'Sa, S., Abildgaard, N., Tighe, J., Shaw, P. & Hall-Craggs, M. 2007. Guidelines

for the use of imaging in the management of myeloma. British Journal of

Haematology. 137, 49–63.

63. Dupuis, M. M., Tuchman, S. A. 2016. Non-secretory multiple myeloma: from

biology to clinical management. Onco Targets Ther. 9, 7583–7590.

64. Durie, B. G. M., Hoering, A., Abidi, M. H. et al. 2017. Bortezomib, lenalidomide

and dexamethasone vs.lenalidomide and dexamethasone induction followed by

lenalidomide and dexamethasone maintenance in patients with newly diagnosed

myeloma without intent for immediate autologous stem cell transplant: results of

the randomised phase III SWOG TrialS0777. Lancet. 389(10068), 519–527.

65. Durie, B. G., Stock-Novack, D., Salmon, S. E. et al. 1990. Prognostic value of

pretreatment serum beta 2 microglobulin in myeloma: a Southwest Oncology Group

study. Blood. 75, 823–830.

66. Durie, B. G., Salmon, S. E. 1975. A clinical staging system for multiple myeloma.

Correlation of measured myeloma cell mass with presenting clinical features,

response to treatment, and survival. Cancer. 36, 842–854.

67. Eastell, R., Pigott, T., Gossiel, F. et al. 2018. Bone turnover markers: are they

clinically useful? European Journal of Endocrinology. 178, R19–R31.

68. Edwards, C. M., Zhuang, J., Mundy, G. R. et al. 2008. The pathogenesis of the bone

disease in multiple myeloma. Bone. 42 (6), 1007–1013.



88 

69. Eid, A., Atlas, J. 2014. The role of bisphosphonates in medical oncology and their

association with jaw bone necrosis. Oral Maxillofacial Surgery Clin N Am. 26,

231–237.

70. Eleutherakis-Papaiakovou, V., Bamias, A., Gika, D. et al. 2007. Renal failure in

multiple myeloma: incidence, correlations, and prognostic significance. Leuk

Lymphoma. 48(2), 337–341.

71. Faiman, B. 2014. Myeloma genetics and genomics: Practice implications and future

directions. Clinical Lymphoma Myeloma and Leukemia. 14(6), 436–440.

72. Fleisher, K. E., Welch, G., Kottal, S., Craig, R. G. 2010. Predicting risk for

bisphosphonate-related osteonecrosis of the jaws: CTX versus radiographic

markers. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 110(4), 509–516.

73. Fliefel, R., Troltzsch, M., Kuhnisch, J. et al. 2015. Treatment strategies and

outcomes of bisphosphonate-related osteonecrosis of the jaw (BRONJ) with

characterization of patients: a systematic review. International Journal of Oral

Maxillofacial Surgery. 44, 568–585.

74. Fujino, M. 2018. The histopathology of myeloma in the bone marrow. Journal of

clinical and experimental hematopathology. 58(2), 61–67.

75. Gavriatopoulou, M., Fotiou, D., Ntanasis-Stathopoulos, I. et al. 2018. How I treat

elderly patients with plasma cell dyscrasias. Aging. 10(12), 4248–68.

76. Gertz, M. A. 2020. Immunoglobulin light chain amyloidosis: 2020 update on

diagnosis, prognosis, and treatment. American Journal of Hematology. 95(7),

848–860.

77. Giuliani, N. et al. 2012. Increased osteocyte death in multiple myeloma patients:

role in myeloma-induced osteoclast formation. Leukemia. 26, 1391–1401.

78. Glover, S. J., Gall, M., Schoenborn-Kellenberger, O. et al. 2009. Establishing

a reference interval for bone turnover markers in 637 healthy, young,

premenopausal women from the United Kingdom, France, Belgium, and the United

States. J Bone Miner Res. 24, 389.

79. Glover, S. J., Garnero, P., Naylor, K. et al. 2008. Establishing a reference range for

bone turnover markers in young, healthy women. Bone. 42, 623.

80. Goldman-Mazur, S., Jurczyszyn, A., Castillo, J. J. et al. 2020. A multicenter

retrospective study of 223 patients with t(14;16) in multiple myeloma. American

Journal of Hematology. 95(5), 503–509.

81. Goldschmidt, H., Lokhorst, H. M., Mai, E. K. et al. 2018. Bortezomib before and

after high-dose therapy in myeloma: Long-term results from the phase III HOVON-

65/GMMG-HD4 trial. Leukemia. 32(2), 383–390.

82. Goede, V. 2020. Multiple myeloma in old people : Practical skills for geriatricians

and general practitioners. Z Gerontol Geriat. 53, 263–272.

83. Green, J. R. 2004. Bisphosphonates: Preclinical Review. Oncologist. 9(4), 3–13.



89 

84. Greenspan, S. L., Resnick, N. M., Parker, R. A. 2005. Early changes in biochemical

markers of bone turnover are associated with long-term changes in bone mineral

density in elderly women on alendronate, hormone replacement therapy, or

combination therapy: a three-year, double-blind, placebo-controlled, randomized

clinical trial. J Clin Endocrinol Metab. 90, 2762.

85. Greipp, P. R., San Miguel, J., Durie, B. G. M. et al. 2005. International Staging

System for Multiple Myeloma. Journal of Clinical Oncology.23(15), 3412–6281.

86. Grimaud, E., Soubigou, L., Couillaud, S. et al. 2003. Receptor activator of nuclear

factor kappa B ligand (RANKL)/osteoprotegerin (OPG) ratio is increased in severe

osteolysis. Am J Pathol. 163, 2021–2031.

87. Guanabens, N., Peris, P., Monegal, A. 2015. Bone turnover markers: a clinical

review. Clin. Rev. Bone Miner. Metab. 13, 83–97.

88. Gupta, N., Sharma, A., Sharma, A. 2020. Emerging biomarkers in multiple

myeloma: A review. Clinica Chimica Acta. 503, 45–53.

89. Gurban, C., Balas, M., Vlad, M. 2019. Bone turnover markers in postmenopausal

osteoporosis and their correlation with bone mineral density and menopause

duration. Rom J Morphol Embryol. 60(4), 1127–1135.

90. Guzdar, A., Costello, C. 2020. Supportive care in multiple myeloma. Current

Hematologic Malignancy Reports. 15(2), 56–61.

91. Hameed, A., Brady, J., Dowling, P. et al. 2014. Bone Disease in Multiple

Myeloma:Pathophysiology and Management. Cancer Growth Metastasis. 7, 33–42.

92. Hansford, B. G., Silbermann, R. 2018. Advanced Imaging of Multiple Myeloma

Bone Disease. Front Endocrinol (Lausanne). 7(9), 436.

93. Harrington, A. M., Parameswaran, H., Kroft, S. H. 2009. Utility of CD56

Immunohistochemical Studies in Follow-up of Plasma Cell Myeloma. American

Journal of Clinical Pathology. 132(1), 60–66.

94. Harris, S. N., Winter, E. W. 2006. Multiple Myeloma and Related Serum Protein

Disorders: an Electrophoretic Guide. 58–59.

95. Hata, H. 2005. Bone lesions and macrophage inflammatory protein-1 alpha

(MIP-1a) in human multiple myeloma. Leukemia & Lymphoma. 46(7), 967–972.

96. Heath, D., Chantry, A., Buckle, C. et al. 2009. Inhibiting Dickkopf-1 (Dkk1)

Removes Suppression of Bone Formation and Prevents the Development of

Osteolytic Bone Disease in Multiple Myeloma. J Bone Miner Res. 24, 425–436.

97. Hillengass, J., Moulopoulos, L. A., Delorme, S. et al. 2016. Findings of whole body

computed tomography compared to conventional skeletal survey in patients with

monoclonal plasma cell disorders- a study of the International Myeloma Working

Group [Abstract]. Blood. 128, 4468.

https://www.ncbi.nlm.nih.gov/pubmed/30131767
https://www.ncbi.nlm.nih.gov/pubmed/30131767


90 

98. Hillengass, J., Moulopoulos, L. A., Delorme, S. et al. 2017. Whole-body computed

tomography versus conventional skeletal survey in patients with multiple myeloma:

a  study of the International Myeloma Working Group. Blood Cancer J. 7, e599.

99. Hillengass, J., Moulopoulos, L. A., Delorme, S., Koutoulidis, V., Mosebach, J.,

Hielscher, T., Drake, M., Rajkumar, S. V., Oestergaard, B., Abildgaard, N., Hinge,

M., Plesner, T., Suehara, Y., Matsue, K., Withofs, N., Caers, J., Waage, A.,

Goldschmidt, H., Dimopoulos, M. A., Lentzsch, S., Durie, B., Terpos, E. 2017.

Whole-body computed tomography versus conventional skeletal survey in patients

with multiple myeloma: a  study of the International Myeloma Working Group.

Blood Cancer J. 7(8), e599. Available from: https://doi.org/10.1038/bcj.2017.78

[viewed 13.07.2020.].

100. Hinge, M., Andersen, K. T., Lund, T. et al. 2016. Baseline bone involvement in

multiple myeloma – a prospective comparison of conventional X-ray, low-dose

computed tomography, and 18 fluorodeoxyglucose positron emission tomography

in previously untreated patients. Haematologica. 101, e415–e418.

101. Hinge, M., Andersen, K. T., Lund, T., Jørgensen, H. B., Holdgaard, P. C., Ormstrup,

T. E., Østergaard, L. L., Plesner, T. 2016. Bone healing in multiple myeloma:

A  prospective evaluation of the impact of first-line anti-myeloma treatment.

Haematologica. 101, e419–e422.

102. Hlaing, T., Compston, J. E. 2014. Biochemical markers of bone turnover – uses and

limitations. Ann Clin Biochem. 51(2), 189–202.

103. Hsiao, L. T., Yang, C. F., Yang, S. H. et al. 2012. Chronic kidney disease stage 5 as

the prognostic complement of International Staging System for multiple myeloma.

European Journal of Haematology. 88(2), 159–166.

104. Huang ,Yu., Liu, L., Liu, A. 2018. Dickkoph-1: Current knowledge and related

diseases. Life Sciences. 209, 249–254.

105. Hutchison, C. A., Batuman, V., Behrens, J. et al. 2012. The pathogenesis and

diagnosis of acute kidney injury in multiple myeloma. Nat Rev Nephrol. 8(1),

43–51.

106. Yaccoby, S. 2010. Osteoblastogenesis and tumor growth in myeloma. Leuk

Lymphoma. 51(2), 213–220.

107. Yamazaki, T., Takahashi, K., Bessho, K. 2014. Recent Clinical Evidence in

Bisphosphonate-related Osteomyelitis of the jaw: focus on risk, prevention and

treatment. Reviews on recent clinical trials. 9, 37–52.

108. Yang, S. W., Ma, R. J., Zhao, J. J. et al. 2018. Clinical significance of the ratio of

serum beta-CTX/PINP in multiple myeloma bone diseases and bone metastases.

Zhonghua Yi Xue Za Zhi. 98, 2583–2587.

109. Yoneda, T., Hagino, H., Sugimoto, T. et al. 2017. Antiresorptive agent-related

osteonecrosis of the jaw: Position Paper 2017 of the Japanese Allied Committee on

Osteonecrosis of the Jaw. J Bone Miner Metab. 35, 6–19.

https://doi.org/10.1038/bcj.2017.78


91 

110. Jagosky, M. H., Usmani, S. Z. 2020. Extramedullary disease in multiple myeloma. 
Current Hematologic Malignancy Reports. 15(2), 62–71.

111. Jakob, C., Sterz, J., Liebisch, P. et al. 2008. Incorporation of the bone marker 
carboxy – terminal telopeptide of type-1 collagen improves prognostic information 
of the International Staging System in newly diagnosed symptomatic multiple 
myeloma. Leukemia. 22, 1767–1772.

112. Jeon, H. L., Oh, I. S., Baek, Y. H. et al. 2020. Zoledronic acid and skeletal-related 
events in patients with bone metastatic cancer or multiple myeloma. Journal of Bone 
and Mineral metabolism. 38(2), 254–263.

113. Jemal, A., Siegel, R., Xu, J. et. al. 2010. Cancer Statistics. CA Cancer J Clin. 60, 
277–300.

114. Jorgensen, N. R., Mollehave, L. T., Hansen, Y. B. L. et al. 2017. Comparison of two 
automated assays of BTM (CTX and P1NP) and reference intervals in a Danish 
population. Osteoporos Int. 28(7), 2103–2113.

115. Junquera, L., Gallego, L., Cuesta, P., Pelaz, A., de Vicente, J. C. 2009. Clinical 
experience with bisphosphonate-associated osteonecrosis of the jaws: analysis of 
21 cases. Am J Otolaryngol. 30, 390–395.

116. Kane, S. F. 2020. Bone tumors: Multiple myeloma. FP Essent. 493, 30–35.

117. Kaiser, M., Mieth, M., Liebisch, P. et al. 2008. Serum concentrations of DKK-1 
correlate with the extent of bone disease in patients with multiple myeloma. 
Eur J Haematol. 80, 490–494.

118. Karnofsky, D., Burchenal, J. 1949. The clinical evaluation of chemotherapeutic 
agents in cancer. In: MacLeod, C. ed. Evaluation of Chemotherapeutic Agents. New 
York: Columbia University Press, 191–205.

119. Kasper, D. L., Fauci, A. S., Hauser, S. L., Longo, D. L., Jameson, J. L., Loscalzo,

J.  2015. Harrison’s Principles of Internal Medicine, Nineteenth Edition. New York: 
McGraw Hill Education, Part 7, Section 2, Chapter 136.

120. Kastritis, E., Terpos, E., Roussou, M. et al. 2013. High risk cytogenetics, elevated 
LDH and ISS-3 identify a subgroup of myeloma patients with very poor prognosis. 
Haematologica. 98, 334, abstract P797.

121. Kastritis, E., Zervas, K., Symeonidis, A. et. al. 2009. Improved survival of patients 
with multiple myeloma after the introduction of novel agents and the applicability 
of the International Staging System (ISS): an analysis of the Greek Myeloma Study 
Group (GMSG). Leukemia. 23, 1152–1157.

122. Kawano, Y., Fujiwara, S., Wada N. et al. 2012. Multiple myeloma cells expressing 
low levels of CD138 have an immature phenotype and reduced sensitivity to 
lenalidomide. Int J Oncol.  41(3), 876–884.

123. Ke, H. Z., Richards, X. Li., Ominsky, M. S. et al. 2012. Sclerostin and Dickkopf-1 
as therapeutic targets in bone diseases. Endocr. Rev. 33, 747–783.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3582943/


92 

124. Khadka, B., Tiwari, M., Gautam, R. et al. 2018. Correlates of biochemical markers 
of bone turnover among post-menopausal women. JNMA J Nepal Med Assoc. 
56(212), 754–748.

125. Kyle, R. A., Gertz, M. A., Witzig, T. E. et al. 2003. Review of 1,027 patients with 
newly diagnosed multiple myeloma. Mayo Clin Proc. 78(1), 21–31.

126. Kyle, R. A., Durie, B. G., Rajkumar, S. V., Landren O., Blade J., Merlini G. et. al. 
2010. Monoclonal gammopathy of undetermined significance (MGUS) and 
smoldering (asymptomatic) multiple myeloma: IMWG consensus perspectives risk 
factors for progression and guidelines for monitoring and management. Leukemia. 
24(6), 1121–1127.

127. Kyle, R. A., Gertz, M. A., Witzig, T. E. et al. 2003. Review of 1,027 patients with 
newly diagnosed multiple myeloma. Mayo Clin Proceedings. 78(1), 21–31.

128. Kyle, R. A., Rajkumar, S. V. et al. 2008. Criteria for the classification of monoclonal 
gammopathies, multiple myeloma and related disorders: a report of the International 
Myeloma Working Group. British Journal of Haematology. 121, 749–757.

129. Kyle, R. A. & Rajkumar, S. V. 2009. Criteria for diagnosis, staging, risk 
stratification and response assessment for multiple myeloma. Leukemia. 23, 3–9.

130. Kyle, R. A., Yee, G. C., Somerfield, M. R., Flynn, P. J., Halabi, S., Jagannath, S., 
Orlowski, R. Z., Roodman, D. G., Twilde, P., Anderson, K. 2007. American Society 
of Clinical Oncology 2007. Clinical practice guideline update on the role of 
bisphosphonates in multiple myeloma. J Clin Oncol. 25, 2464–2472.

131. Kyle, R. A., Therneau, T. M., Rajkumar, S. V. et al. 2004. Incidence of multiple 
myeloma in Olmsted County, Minnesota:trend over 6 decades. Cancer. 101, 
2667–2674.

132. Knudsen, L. M., Hippe, E., Hjorth, M. et al. 1994. Renal function in newly 
diagnosed multiple myeloma – a demographic study of 1353 patients. The Nordic 
Myeloma Study Group. Eur J Haematol. 53(4), 207–212.

133. Kowalska, M., Druzd-Sitek, A., Fuksiewicz, M. et al. 2010. Procollagen I amino-

terminal propeptide as a potential marker for multiple myeloma. Clinical 
Biochemistry. 43, 604–608.

134. Kristensen, I., Christensen, J., Lyng, M. et al. 2014. Expression of osteoblast and 
osteoclast regulatory genes in the bone marrow microenvironment in multiple 
myeloma: only up-regulation of Wnt inhibitors SFRP3 and DKK1 is associated with 
lytic bone disease. Leukemia&Lymphoma. 55(4), 911–919.

135. Kristensen, I., Christensen, J., Lyng, M. et al. 2013. Gene expression of bone 
modulators in whole bone marrow biopsies in correlation to dynamic bone markers 
in multiple myeloma bone disease. Haematologica. 98, 318, abstract P761.

136. Kristinsson, S. Y., Landgren, O., Dickman, P. W., Derolf, A. R., Bjorkholm, M. 
2007. Patterns of survival in multiple myeloma: a population-based study of patients 
diagnosed in Sweden from 1973 to 2003. J Clin Oncol. 25(15), 1993–1999.



93 

137. Kumar, S. K., Rajkumar, S. V., Dispenzieri, A. et. al. 2008. Improved survival in 
multiple myeloma and the impact of novel therapies. Blood. 111, 2516–2520.

138. Kumar, S., Paiva, B., Anderson, K. C. et al. 2016. International Myeloma Working 
Group consensus criteria for response and minimal residual disease assessment in 
multiple myeloma. The Lancet Oncology. 17, e328–e346.

139. Kwon, Y. D., Kim, D. Y., Ohe, J. Y. et al. 2009. Correlation between serum C-

terminal cross-linking telopeptide of type I collagen and staging of oral 
bisphosphonate-related osteonecrosis of the jaws. J Oral Maxillofac Surg. 67, 
2644–8.

140. Kwon, Y. D., Ohe, J. Y., Kim, D. Y. et al. 2011. Retrospective study of two 
biochemical markers for the risk assessment of oral bisphosphonate-related 
osteonecrosis of the jaws: can they be utilized as risk markers? Clin Oral Implants 
Res. 22, 100–5.

141. Landgren, O., Katzmann, J. A., Hsing, A. W., Pfeiffer, R. M., Kyle, R. A., Yeboah,

E. D. et. al. 2007. Prevalence of monoclonal gammopathy of undetermined 
significance among men in Ghana. Mayo Clin Proc. 82(12), 1468–1473.

142. Landgren, O., Kyle, R. A., Pheiffer, R. M. et al. 2009 Monoclonal gammopathy of 
undetermined significance (MGUS) consistently precedes multiple myeloma: 
a  prospective study. Blood. 113(22), 5412–5417.

143. Landgren, O., Weiss, B. M. 2009. Patterns of monoclonal gammopathy of 
undetermined significance and multiple myeloma in various ethnic/racial 
groups:support for genetic factors in pathogenesis. Leukemia. 23(10), 1691–1697.

144. Lecouvet, F. E., Vande Berg, B. C., Malghem, J., Maldague, B. E. 2001. Magnetic 
resonance and computed tomography imaging in multiple myeloma. Semin 
Musculoskelet Radiol. 5(1), 43–55.

145. Lee, J., Vasikaran, S. 2012. Current recommendations for laboratory testing and use 
of bone turnover markers in management of osteoporosis. Ann Lab Med. 32(2), 
105–112.

146. Lejniece, S. 2020. Klīniskā hematoloģija. Rīga: Nacionālais Medicīnas Apgāds, 
253– 272.

147. Lejnieks, A., Ādamsone, I., Beķeris, G. u.c. 2010. Klīniskā medicīna I. Rīga: 
Medicīnas apgāds. 861–868.

148. Leslie, W. D., Martineau, P., Bryanton, M., et al. 2019. Which is the preferred site 
for Bone Mineral Density Monitoring as an indicator of treatment – related anti-

fracture effect in routine clinical practice? A registry-based cohort study. 
Osteoporos int. 30(7), 1445–1453.

149. Leslie, W. D., Tsang, J. F., Lix, L. M. 2009. Simplified System for Absolute 
Fracture Risk Assessment: Clinical Validation in Canadian Women. J Bone Miner 
Res. 24, 353–360.



94 

150. Lipton, A., Cook, R. J., Coleman, R. E. et al. 2007. Clinical utility of biochemical 
markers of bone metabolism for improving the management of patients with 
advanced multiple myeloma. Clinical Lymphoma&Myeloma. 7(5), 346–353.

151. Lipton, A., Costa, L., Coleman, R. 2011. Bone turnover markers: tools for prognosis 
and monitoring response to bisphosphonates? Breast Dis. 33, 59–69.

152. Liu, Y., Ke, X. Y., Tian, L. et al. 2016. Relationship between Bone Markers and 
the Progression of Multiple Myeloma. Zhongguo Shi Yan Xue Ye Za Zhi. 24, 
1433–1436.

153. Liu, T., Wu, Y., Niu, T. 2018. Human DKK1 and human HSP70 fusion DNA 
vaccine induces an effective anti-tumor efficacy in murine multiple myeloma. 
Oncotarget. 9(1), 178–191.

154. Lomas, O. C., Tahri, S., Ghobrial, I. M. 2020. The microenvironment in myeloma. 
Current Opinion in Oncology. 32(2), 170–175.

155. Lund, T., Abildgaard, N., Andersen, T. et al. 2010. Multiple myeloma: changes in 
serum C-terminal telopeptide of collagen type I and bone-specific alkaline 
phosphatase can be used in daily practice to detect imminent osteolysis. European 
Journal of Haematology. 84, 412–420.

156. Lund, T., Abildgaard, N., Delaisse, J. M. et al. 2010. Effect of withdrawal of 
zoledronic acid treatment on bone remodelling markers in multiple myeloma. 
Br J Haematol. 151(1), 92–93.

157. Mahnken, A. H., Wildberger, J. E., Gehbauer, G., Schmitz-Rode, T., Blaum, M., 
Fabry,  U., Gunther, R. W. 2002. Multidetector CT of the spine in multiple 
myeloma: comparison with MR imaging and radiography. AJR Am J Roentgenol. 
178(6), 1429– 1436.

158. Maia, C., Puig, N., Cedena, M. et al. 2020. Biological and clinical significance of 
dysplastic hemopoiesis in patients with newly diagnosed multiple myeloma. Blood. 
135(26), 2375–2387.

159. Manier, S., Salem, K. Z., Park, J. et al. 2017. Genomic complexity of multiple 
myeloma and its clinical implications. Nat Rev Clin Oncol. 14(2), 100–113.

160. Marshall, C., Frantz, N., Kikano, E. et al. 2020. The Role of imaging and systemic 
treatments in myeloma: A primer for radiologists. American Journal of 
Roentgenology. 214(6), 1321–1334.

161. Marx, R. E. 2003. Pamidronate (Aredia) and zoledronate (Zo-meta) induced 
avascular necrosis of the jaws: a growing epidemic. J Oral Maxillofac Surg. 61, 
1115–1117.

162. Mashiba, T., Mori, S., Burr, D. B., Komatsubara, S., Cao, Y., Ma-nabe, T. et al. 
2005. The effects of suppressed bone remodeling by bisphosphonates on 
microdamage accumulation and degree of mineralization in the cortical bone of dog 
rib. J Bone Miner Metab. 23, 36–42.



95 

163. Mateos, M. V., Fink, L., Koneswaran, N. et al. 2020. Bone complications in patients

with multiple myeloma in five European countries: a retrospective patient chart

review. BMC Cancer 20, article number 170.

164. Mateos, M. V., Landgren O. 2016. MGUS and Smoldering Multiple: Diagnosis and

Epidemiology. Cancer Treat. 169, 3–12.

165. McKenna, R., Kyle, R., Kuehi, W. et al. 2008. Mature B Cells Neoplasms. In:

Swerdlow, S., Campo, E., Harris, N. et al. eds. WHO Classification of Tumours of

Haematopoietic and Lymphoid Tissues. 4th ed. Lyon:IARC, 202–207.

166. Meckova, Z., Lambert, L., Spicka, I., Kubinyi, J., Burgetova, A. 2018, Sep-Dec. Is

fluorine-18-fluorocholine PET/CT Suitable for the Detection of Skeletal

Involvement of Multiple Myeloma? Hell J Nucl Med. 21(3), 167–168.

167. Menezes, M. E., Devine, D. J., Shevde, L. A. et al. 2012. Dickkoph1: a tumor

suppressor or metastasis promoter. Int J cancr. 130, 1477–1483.

168. Merz, M., Dechow, T., Scheytt M. et al. 2020. The clinical management of

lenalidomide-based therapy in patients with newly diagnosed multiple myeloma.

Annals of Hematology. 99(8), 1709–1725.

169. Merz, M., Hielscher, T., Wagner, B. et al. 2014. Predictive value of longitudinal

whole- body magnetic resonance imaging in patients with smoldering multiple

myeloma. Leukemia. 28, 1902–1908.

170. Migkou, M., Avivi, I., Gavriatopoulou, M. et al. 2020. Clinical characteristics and

outcomes of oligosecretory and non-secretory multiple myeloma. Annals of

Hematology. 99(6), 1251–1255.

171. Mina, R., Joseph, N. S., Gay, F. et al. 2020. Clinical features and survival of multiple

myeloma patients harboring t(14;16) in the era of novel agents. Blood Cancer

Journal. 10(4), 40.

172. Mohty, M. and Harousseau, J. L. 2015. Handbook of Multiple Myeloma. Springer

International Publishing Switzerland. 79–87.

173. Mohty, M., Malard, F., Mohty, B. et al. 2014. The effects of bortezomib on bone

disease in patients with multiple myeloma. Cancer. 120(5), 618–623.

174. Morden, N. E., Munson, J. C., Smith, J. et al. 2015. Oral bisphosphonates and upper

gastrointestinal toxicity: a study of cancer and early signals of esophageal injury.

Osteoporos Int. 26, 663.

175. Moreau, P., Attal, M., Caillot, D. et al. 2017. Prospective evaluation of magnetic

resonance imaging and [(18)F]fluorodeoxyglucose positron emission tomography-

computed tomography at diagnosis and before maintenance therapy in symptomatic

patients with multiple myeloma included in the IFM/DFCI 2009 trial: Results of the

IMAJEM study. J Clin Oncol. 35, 2911–2918.

176. Moreau, P., San Miguel, J., Sonneveld, P. et al. 2017. Multiple myeloma: ESMO

Clinical Practice Guidelines for diagnosis, treatment and follow-up. Annals of

Oncology. 28(4), 52–61.



96 

177. Morgan, G. J., Walker, B. A., Davies, F. E. 2012. The genetic architecture of 
multiple myeloma. Nat Rev Cancer. 12(5), 335–348.

178. Morris, H. A., Eastell, R., Jorgensen, N. R. et al. 2017. Clinical usefulness of bone 
turnover marker concentrations in osteoporosis. Clin Chim Acta. 467, 34–41.

179. Moulopoulos, L. A., Gika, D., Anagnostopoulos, A. et al. 2005. Prognostic 
significance of magnetic resonance imaging of bone marrow in previously untreated 
patients with multiple myeloma. Ann Oncol. 16, 1824–1828.

180. Muchtar, E., Dagan, A., Robenshtok, E. et al. 2017. Bone Mineral Density 
Utilization in Patients With Newly Diagnosed Multiple Myeloma. Hematol Oncol. 
35(4):703–710.

181. Mundy, G. R. 2002. Metastasis to bone: causes, consequences and therapeutic 
opportunities. Nat Rev Cancer. 2, 584–593.

182. Nandakumar, B., Binder, M., Dispenzieri, A. et al. 2019. Continued improvement 
in survival in multiple myeloma (MM) including high-risk patients. Presented at: 
American Society of Clinical Oncology Annual Meeting; May 31–June 4, 2019; 
Chicago, Illinois. Suppl Abstract 8039.

183. National Cancer Institute. Cancer Stat Facts: Myeloma. Available from: 
https://seer.cancer.gov/statfacts/html/mulmy.html [viewed 13.07.2020.].

184. Neben, K., Jauch, A., Hielscher, T. et al. 2013. Progression in smoldering  myeloma 
is independently determined by the chromosomal abnormalities del(17p), t(4;14), 
gain 1q, hyperdiploidy, and tumor load. J Clin Oncol. 31(34), 4325–4332.

185. Neve, A., Corrado, A. and Cantatore, F. P. 2011. Osteoblast physiology in normal 
and pathological conditions. Cell and Tissue Research. 343 (2), 289–302.

186. Nierste, B., Glackin, C., Kirshner, J. 2014. Dkk-1 and IL-7 in plasma of patients 
with multiple myeloma prevent differentiation of mesenchymal stem cells into 
osteoblasts. American Journal of Blood Research. 4(2), 73–85.

187. Oyajobi, B. 2007. Multiple myeloma. Hypercalcemia. Arthritis Research & 
Therapy. 9(1), S4.

188. O’Donnell, E. K., Raje, N. C. 2017. Myeloma bone disease: pathogenesis and 
treatment. Clin Adv Hematol Oncol. 15(4), 285–295.

189. Oh, W. K., Proctor, K., Nakabayashi, M., Evan, C. et al. 2007. The risk of renal 
impairment in hormone-refractory prostate cancer patients with bone metastases 
treated with zoledronic acid. Cancer. 109, 1090–1096.

190. Okazuka, K., Ishida, T., Nashimoto, J. et al. 2020. The efficacy and safety of 
modified bortezomib-lenalidomide-dexamethasone in transplant-eligible patients 
with newly diagnosed multiple myeloma. European Journal of Hematology. 104(2), 
110–115.

191. Pagani, F., Francucci, C. M., Moro, L. 2005. Markers of bone turnover: biochemical 
and clinical perspectives. J Endocrinol Invest. 28, 8.

https://seer.cancer.gov/statfacts/html/mulmy.html


97 

192. Palumbo, A., Avet-Loiseau, H., Oliva, S. et al. 2015. Revised International Staging 
System for Multiple Myeloma: A Report From International Myeloma Working 
Group. J Clin Oncol. 33(26), 2863–2869.

193. Palumbo, A., Bringhen, S., Mateos, M. V. et al. 2015. Geriatric assessment predicts 
survival and toxicities in elderly myeloma patients: an International Myeloma 
Working Group report. Blood. 125(13), 2068–2074.

194. Park, H. Y., Kim, K. W., Yoon, M. A. 2020. Role of whole-body MRI for treatment 
response assessment in multiple myeloma: comparison between clinical response 
and imaging response. Cancer Imaging. 20(1), 14.

195. Park, S., Jeong, S., Lee, J. et al. 2018. The changes of CTX, DPD, Osteocalcin, and 
Bone Mineral Density during the postmenopausal period. Ann Rehabil Med. 42(3), 
441–448.

196. Patel, C., Yee, A., Scullen, T. et al. 2014. Biomarkers of bone remodeling in 
multiple myeloma patients to tailor bisphosphonate therapy. Clin Cancer Res. 
20(15), 3955–3961.

197. Pawlyn, C., Cairns, D., Kaiser, M. 2020. The relative importance of factors 
predicting outcome for myeloma patients at different ages: results from 3894 
patients in the Myeloma XI trial. Leukemia. 34(2), 604–612.

198. Pawlyn, C., Fowkes, L., Otero, S. et al. 2016. Whole-body diffusion-weighted MRI: 
a  new gold standard for assessing disease burden in patients with multiple 
myeloma? Leukemia. 30, 1446–1448.

199. Pearse, R. N., Sordillo, E. M., Yaccoby, S. et al. 2001. Multiple myeloma disrupts 
the TRANCE/osteoprotegerin cytokine axis to trigger bone destruction and promote 
tumor progression. Proc Natl Acad Sci USA. 98, 11581–11586.

200. Pecoraro, V., Germagnoli, L., Roli, L. 2015. Prognostic and medical relevance of 
bone turnover markers for multiple myeloma patients: an evidence based approach 
for clinical laboratory. Clin. Chem. Lab. Med. 53, S574.

201. Pecoraro, V., Roli, L., Germagnoli, L. et al. 2015. The prognostic role of bone 
turnover markers in multiple myeloma patients: The impact of their assay. 
A systematic review and meta-analysis. Critical Reviews in Oncology/Hematology. 
96, 54–66.

202. Penq, F., Fu, R., Liu, H. et al. 2015. Clinical significance of serum bone metabolic 
markers in diagnosis and monitoring of myeloma bone disease. Zhonghua Yi Xue 
Za Zhi. 95(42), 3436–3439.

203. Petralia, G., Padhani, A. R., Pricolo, P., Zugni, F., Martinetti, M., Summers, P. E., 
Grazioli, L., Colagrande, S., Giovagnoni, A., Bellomi, M. 2019. Italian Working 
Group on Magnetic Resonance. Whole-body Magnetic Resonance Imaging 
(WB-MRI) in Oncology: Recommendations and Key Uses. Radiol Med. 124(3), 
218–233.



98 

204. Pianko, M. J., Terpos, E., Roodman, G. D. et al. 2014. Whole-body low-dose 
computed tomography and advanced imaging techniques for multiple myeloma 
bone disease. Clin Cancer Res. 20, 5888–5897.

205. Politou, M., Terpos, E., Anagnostopoulos, A. et al. 2004. Role of receptor activa-

tor of nuclear factor-kappa B ligand (RANKL), osteoprotegerin and macrophage 
protein 1-alpha (MIP-1a) in monoclonal gammopathy of undetermined significance 
(MGUS). Br J Haematol. 126, 686–689.

206. Politou, M. C., Heath, D. J., Rahemtulla, A. et al. 2006. Serum concentrations of 
Dickkopf-1 protein are increased in patients with multiple myeloma and reduced 
after autologous stem cell transplantation. Int J Cancer. 119, 1728–1731.

207. Pozzi, S., Raje, N. 2011. The role of bisphosphonates in multiple myeloma: 
mechanisms, side effects, and the future.Oncologist. 16(5), 651–662.

208. Qiang, Y., Chen, Y., Stephens, O. et al. 2008. Myeloma-derived Dickkopf-1 
disrupts Wnt-regulated osteoprotegerin and RANKL production by osteoblasts: 
a potential mechanism underlying osteolytic bone lesions in multiple myeloma. 
Blood. 112, 196–207.

209. Qvist, P., Christgau, S., Pedersen, B. J. et al. 2002. Circadian variation in the serum 
concentration of C-terminal telopeptide of type I collagen (serum CTx): effects of 
gender, age, menopausal status, posture, daylight, serum cortisol, and fasting. Bone. 

31, 57.

210. Ray, S., Khassawna, T., Sommer, U. et al. 2016. Differences in expression of Wnt 
antagonist Dkk1 in healthy versus pathological bone samples. Journal of 
Microscopy. 265(1), 111–120.

211. Raje, N., Roodman, D. 2011. Advances in the biology and treatment of bone disease 
in multiple myeloma. Clinical Cancer Research. 17(6), 1278–86.

212. Rajkumar, S. V., Landgren, O., Mateos, M. V. 2015. Smoldering multiple myeloma. 
Blood. 125, 3069–3075.

213. Rajkumar, S. V., Dimopoulos, M. A., Palumbo, A., Blade, J., Merlini, G., Mateos,

M. V. et. al. 2014. International myeloma working group updated criteria for the 
diagnosis of multiple myeloma. Lancet Oncol. 15(12), e538–e548.

214. Rajkumar, S. V., Gupta, V., Fonseca, R. et al. 2013. Impact of primary molecular 
cytogenetic abnormalities and risk of progression in smoldering multiple myeloma. 
Leukemia. 27(8), 1738–1744.

215. Rajkumar, S., Dispenzieri, A. 2014. Multiple myeloma and related disorders. In: 
Niederhuber, J. E., Armitage, J. O., Doroshow, J. H., Kastan, M. B. et al.eds. 
Abeloff’s Clinical Oncology. 5th ed. Philadelphia:Elsevier. 1991–2017.

216. Rajkumar, S. V., Dimopoulos, M. A. et al. 2014. International Myeloma Working 
Group updated criteria for the diagnosis of multiple myeloma. Lancet Oncol. 
15(12), e538–548.



99 

217. Rajkumar, S. V., Kumar, S. 2016. Multiple Myeloma: Diagnosis and Treatment. 
Mayo Clin. Proc. 91(1), 101–119.

218. Rajkumar, S. V. 2020. Multiple myeloma: 2020 update on diagnosis, risk-

stratification and management. American Journal of Hematology. 95(5), 548–567.

219. Rasa, I., Krišāne, A. 2012, oktobris. Kaulu vielmaiņas bioķīmisko marķieru nozīme 
osteoporozes pacientu aprūpē. Doctus. 16–21.

220. Rasche, L., Alapat, D., Kumar, M. et al. 2019. Combination of flow cytometry and 
functional imaging for monitoring of residual disease in myeloma. Leukemia. 33, 
1713–1722.

221. Regelink, J. C., Minnema, M. C., Terpos, E. et al. 2013. Comparison of modern and 
conventional imaging techniques in establishing multiple myeloma-related bone 
disease: a systematic review. British Journal of Haematology. 162(1), 50–61.

222. Rezska, A. A., Rodan, G. A. 2003. Mechanism of action of bisphosphonates. Curr 
Osteoporos Rep. 1, 45–52.

223. Ribourtout, B., Zandecki, M. 2015. Plasma cell morphology in multiple myeloma 
and related disorders. Morphologie. 99(325), 38–62.

224. Rollig, C., Knop, S., Bornhauser, M. 2015. Multiple myeloma. Lancet. 385(9983), 
2197–208.

225. Roodman, G. 2009. Pathogenesis of myeloma bone disease. Leukemia. 23(3), 
435–41.

226. Roodman, G. 2011. Osteoblast function in myeloma. Bone. 48(1), 135–40.

227. Roodman, G. D. 2002. Role of the bone marrow microenvironment in multiple 
myeloma. J Bone Miner Res. 17, 1921–1925.

228. Roodman, G. D. 2008. Novel targets for myeloma bone disease. Expert Opin Ther 
Targets. 12, 1377–1387.

229. Roodman, G. D. 2004. Pathogenesis of myeloma bone disease. Blood Cells Mol Dis. 
32, 290–292.

230. Roodman, G. D. 2011. Osteoblast function in myeloma. Bone. 48, 135–40.

231. Ruggiero, S. L., Dodson, T. B., Fantasia, J., Goodday, R., Aghaloo, T., Mehrotra,

B. et al. 2014. American association of oral and maxillofacial surgeons position 
paper on medication – related osteonecrosis of the jaws. J Oral Maxillofac Surg. 72, 
1938–1955.

232. Ruggiero, S. L., Mehrotra, B., Rosenberg, T. J., Engroff, S. 2004. Osteonecrosis of 
the jaws associated with the use of bisphosphonates: a review of 63 cases. J Oral 
Maxillofac Surg. 62, 527–34.



100 

233. Rupel, K., Ottaviani, G., Gobbo, M., Contardo, L., Tirelli, G., Vescovi, P., di 
Lenarda, R., Biasotto, M. 2014. A Systematic review of therapeutical approaches in 
bisphosphonates-related osteonecrosis of the jaw (BRONJ). Oral Oncology. 50, 
1049–1057.

234. Russell, S. J., Rajkumar, S. V. 2011. Multiple myeloma and the road to personalised 
medicine. Lancet Oncol. 12(7), 617–619.

235. Saad, F., Lipton, A., Cook, R. et al. 2007. Pathologic fractures correlate with 
reduced survival in patients with malignant bone disease. Cancer. 110(8), 
1860–1867.

236. Sant, M., Allemani, C., Tereanu, C. et al. 2010. Incidence of hematologic 
malignancies in Europe by morphologic subtype: results of the HAEMACARE 
project. Blood. 116, 3724.

237. Sapir-Koren, R., Livshits, G. 2014. Bone mineralization is regulated by signaling 
cross talk between molecular factors of local and systemic origin: the role of 
fibroblast growth factor 23. Biofactors. 40(6), 555–568.

238. Scheven, B. A., Visser, J. W., Nijweide, P. J. 1986. In vitro osteoclast generation 
from different bone marrow fractions, including a highly enriched haematopoietic 
stem cell population. Nature. 321, 79.

239. Schirrmeister, H., Bommer, M., Buck, A. K. et al. 2002. Initial results in the 
assessment of multiple myeloma using F-18 FDG PET. Eur J Nucl Med Mol 
Imaging. 29, 361–366.

240. Schlemmer, A., Hassager, C. 1999. Acute fasting diminishes the circadian rhythm 
of biochemical markers of bone resorption. Eur J Endocrinol. 140, 332.

241. Schulze, M., Weisel, K., Grandjean, C., Oehrlein, K., Zago, M., Spira, D., Horger,

M. 2014. Increasing bone sclerosis during bortezomib therapy in multiple myeloma 
patients: Results of a reduced-dose whole-body MDCT study. Am J Roentgenol.

242. Scutellari, P. N., Spanedda, R., Feggi, L. M., Cervi, P. M. 1985. The value and 
limitations of total body scan in the diagnosis of multiple myeloma: A comparison 
with conventional skeletal radiography. Haematologica. 70, 136–142.

243. Seibel, M. J., Lang, M., Geilenkeuser, W. J. 2001. Interlaboratory variation of 
biochemical markers of bone turnover. Clin Chem. 47, 1443.

244. Seiter, K., Dhaval, S., Emmanuel, C. B. et. al. 23.12.2013. Multiple myeloma. 
http://www.emedicine.medscape.com/article/204369-overview.

245. Sezer, O. 2009. Myeloma bone disease: recent advances in biology, diagnosis, and 
treatment. Oncologist. 14, 276–283.

246. Sezer, O., Heider, U., Zavrski, I. et al. 2003. RANK ligand and osteoprotegerin in 
myeloma bone disease. Blood. 101, 2094–2098.



101 

247. Shachar, B., Prica, A., Anconina, R. 2020. Impact of 18F-fluorodeoxyglucose

PET/CT in the management of patients with plasma cell disorders. Nucl Med

Commun. 41(1), 34–39.

248. Shane, E., Burr, D., Ebeling, P. R. et al. 2010. Atypical subtrochanteric and

diaphyseal femoral fractures: report of a task force of the American Society for Bone

and Mineral Research. J Bone Miner Res. 25, 2267.

249. Shipman, C. M., Rogers, M. J., Apperley, J. F. et al. 1997. Bisphosphonates induce

apoptosis in human myeloma cell lines: a novel anti-tumour activity. Br J haematol.

98, 665.

250. Short, K. D., Rajkumar, S. V., Larson, D. et. al. 2011. Incidence of extramedullary

disease in patients with multiple myeloma in the era of novel therapy, and the

activity of pomalidomide on extramedullary myeloma. Leukemia. 25(6), 906–908.

251. Siegel, R. L., Miller, K. D., Jemal, A. 2017. Cancer statistics. CA Cancer J Clin.

67, 7.

252. Silbermann R, Roodman, G. D. 2016. Current controversies in the management

of myeloma bone disease. J Cell Physiol 231(11): 2374–2379. https://doi. 

org/10.1002/jcp.25351.

253. Siontis, B., Kumar, S., Dispenzieri, A. et al. 2015. Positron emission tomography-

computed tomography in the diagnostic evaluation of smoldering multiple

myeloma: identification of patients needing therapy. Blood Cancer. 5, e364.

254. Smith, A., Howell, D., Patmore, R. et al. 2011. Incidence of hematological

malignancy by sub-type: a report from the Haematological Malignancy Research

Network. Br J Cancer. 105, 1684.

255. Smittenaar, C. R., Petersen, K. A., Stewart, K., Moitt, N. 2016. Cancer Incidence

and Mortality Projections in the UK Until 2035. Brit J Cancer. Available from:

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-

by-cancer-type/myeloma/incidence#heading-Three  [viewed 13.07.2020.].

256. Snowden, J. A., Ahmedzai, S. H., Ashcroft, J. et al. 2011. Guidelines for supportive

care in multiple myeloma 2011. Br J Haematol. 154, 76–103.

257. Soe, K., Delaisse, J., Jakobsen, E. et al. 2014. Dosing related effects of zoledronic

acid on bone markers and creatinine clearance in patients with multiple myeloma

and metastatic breast cancer. Acta Oncologica. 53(4), 547–556.

258. Sonneveld, P., Avet-Loiseau, H., Lonial, S. et al. 2016. Treatment of multiple

myeloma with high-risk cytogenetics: a consensus of the International myeloma

working group. Blood. 127 (24), 2955–2962.

259. Spaan, I. A., Raymakers, R., van de Stolpe, A. et al. 2018. Wnt signaling in multiple

myeloma: a central player in disease with therapeutic potential. Journal of

Hematology & Oncology. 11, 67.

https://doi/
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/myeloma/incidence#heading-Three
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/myeloma/incidence#heading-Three


102 

260. Spanou, A., Lyritis, G. P., Chronopoulos, E. et al. 2015. Management of 
bisphosphonates-related osteonecrosis of the jaw: a literature review. Oral Disease. 
21, 927–936.

261. Stella, F., Pedrazzini, E., Agazzoni, M. et al. 2015. Cytogenetic alterations in 
multiple myeloma: prognostic significance and the choice of frontline therapy. 
Cancer Investig. 33(10), 496–504.

262. Sternlicht, H., Glezerman, I. G. 2015. Hypercalcemia of malignancy and new 
treatment options. Ther Clin Risk Manag. 11, 1779–1788.

263. Stoffel, K., Engler, H., Kuster, M. et al. 2007. Changes in biochemical markers after 
lower limb fractures. Clin Chem. 53, 131.

264. Subramanian, R., Basu, D., Dutta, T. K. 2009. Prognostic significance of bone 
marrow histology in multiple myeloma. Indian Journal of Cancer. 46(1), 40–45.

265. Sugatani, T., Alvarez, U. M., Hruska, K. A. 2003. Activin A stimulates IkappaB-

alpha/NfkappaB and RANK expression for osteoclast differentiation, but not AKT 
survival pathway in osteoclast precursors. J Cell Biochem. 90, 59–67.

266. Suzuki, K., Tsukada, N., Nishimura, N. et al. 2020. Bortezomib, lenalidomide, and 
dexamethasone in transplant-eligible newly diagnosed multiple myeloma patients: 
a  multicenter retrospective comparative analysis. International Journal of 
Hematology. 111, 103–111.

267. Swerdlov, S., Campo, E., Harris, N. et al. 2016. The 2016 revision of the World 
Health Organization classification of lymphoid neoplasms. Blood. 2016; 127 (20): 
2375–2390.

268. Szulc, P., Naylor, K., Houle, N. R. et al. 2017. Use of CTX-I and PINP as bone 
turnover markers: National Bone Health Alliance recommendations to standardize 
sample handling and patient preparation to reduce pre-analytical variability. 
Osteoporos Int. 28, 2541–2556.

269. Szulc, P., Naylor, K., Pickering, M. et al. 2018. Use of CTX-1 and PINP as bone 
turnover markers: National Bone Health Alliance recommendations to standardize 
sample handling and patient preparation to reduce pre-analytical variability. Ann 
Biol Clin. 76(4), 373–391.

270. Terpos, E., Kleber, M., Engelhardt, M. et al. 2015. European Myeloma Network 
Guidelines for the Management of Multiple Myeloma-Related Complications. 
Haematologica. 100(10), 1254–1266.

271. Terpos, E., Ntanasis-Stathopoulos, I., Gavriatopoulou, M. et al. 2018. Pathogenesis 
of bone disease in multiple myeloma: from bench to bedside. Blood Cancer Journal. 
8(1), 7.

272. Terpos, E., Berenson, J., Cook, R. et al. 2010. Prognostic variables for survival and 
skeletal complications in patients with multiple myeloma osteolytic bone disease. 
Leukemia. 24, 1043–1049.

https://www.nature.com/articles/s41408-017-0037-4#auth-1
https://www.nature.com/articles/s41408-017-0037-4#auth-2
https://www.nature.com/articles/s41408-017-0037-4#auth-3


103 

273. Terpos, E., Berenson, J., Raje, N., Roodman, G. D. 2014. Management of bone

disease in multiple myeloma. Expert Rev Hematol. 7, 113–125.

274. Terpos, E., Christoulas, D., Gavriatopoulou, M. 2017. Mechanisms of bone

destruction in multiple myeloma. Eur J Cancer Care. 26(6).

275. Terpos, E., Christoulas, D., Kastritis, E. et al. 2014. The combination of

lenalidomide and dexamethasone reduces bone resorption in responding patients

with realapse/refractory multiple myeloma but has no effect on bone formation:

Final results on 205 patients of the Greek myeloma study group. American journal

of Hematology. 89(1), 34–40.

276. Terpos, E., Christoulas, D., Katodritou, E. et al. 2012. Elevated circulating sclerostin

correlates with advanced disease features and abnormal bone remodeling in

symptomatic myeloma: reduction post-bortezomib monotherapy. Int J Cancer. 131,

1466–1471.

277. Terpos, E., Dimopoulos, M. A. 2005. Myeloma bone disease: pathophysiology and

management. Ann Oncol. 16, 1223–1231.

278. Terpos, E., Dimopoulos, M. A., Moulopoulos, L. A. 2016. The role of imaging in

the treatment of patients with multiple myeloma in 2016. Am Soc Clin Oncol Educ

Book. 35, e407–e417.

279. Terpos, E., Dimopoulos, M. A., Sezer, O. 2008. The effect of novel anti-myeloma

agents on bone metabolism of patients with multiple myeloma. Eur J Haematol. 80,

490–494.

280. Terpos, E., Dimopoulos, M. A., Sezer, O. et al. 2010. The use of biochemical

markers of bone remodeling in multiple myeloma: a report of the International

Myeloma Working Group. Leukemia. 24, 1700–1712.

281. Terpos, E., Kastritis, E., Christoulas, D. et al. 2012. Circulating activin – A is

elevated in patients with advanced multiple myeloma and correlates with extensive

bone involvement and inferior survival; no alterations post-lenalidomide and

dexamethasone therapy. Ann Oncol. 23, 2681–2686.

282. Terpos, E., Kastritis, E., Dimopoulos, M. 2012. Prevention and treatment of

myeloma bone disease. Curr. Hematol. Malig. Rep. 7, 249–257.

283. Terpos, E., Katodritou, E., Roussou, M. et al. 1991. High serum lactate

dehydrogenase level as a marker for drug resistance and short survival in multiple

myeloma. Ann Intern Med. 115, 931–935.

284. Terpos, E., Katodritou, E., Roussou, M. et al. 2010. High serum lactate

dehydrogenase adds prognostic value to the international staging system even in the

era of novel agents. Eur J Haematol. 85, 114–119.

285. Terpos, E., Kleber, M., Engelhardt, M. et al. 2015. European Myeloma Network

Guidelines for the Management of Multiple Myeloma-related Complications.

Haematologica. 10(100), 1254–1266.



104 

286. Terpos, E., Mihou, D., Szydlo, R. et al. 2005. The combination of intermediate doses

of thalidomide with dexamethasone is an effective treatment for patients with

refractory/ relapsed multiple myeloma and normalizes abnormal bone remodeling,

through the reduction of sRANKL/osteoprotegerin ratio. Leukemia. 19, 1969–1976.

287. Terpos, E., Morgan, G., Dimopoulos, M. A. et al. 2013 International Myeloma

Working Group recommendations for the treatment of multiple myeloma-related

bone disease. J Clin Oncol. 31(18), 2347–2357.

288. Terpos, E., Moulopoulos, L. A., Dimopoulos, M. A. 2011. Advances in imaging and

the management of myeloma bone disease. J Clin Oncol. 29, 1907–1915.

289. Terpos, E., Politou, M., Rahemtulla, A. 2005. The role of markers of bone

remodeling in multiple myeloma. Blood Reviews. 19, 125–142.

290. Terpos, E., Sezer, O., Croucher, P. L., Clark, O. A., Miladinovic, B., Glasmacher,

A. et al. 2009. The use of bisphosphonates in multiple myeloma: recommendations

of an expert panel on behalf of the European Myeloma Network. Ann Oncol. 20,

1303–1317.

291. Terpos, E., Szydlo, R., Apperley, J. F. et al. 2003. Soluble receptor activator of

nuclear factor kappa B ligand-osteoprotegerin ratio predicts survival in multiple

myeloma: proposal for a novel  prognostic index. Blood. 102, 1064–1069.

292. Thorsteinsdottir, S., Gislason, G., Aspelund, T. et al. 2020. Fractures and survival

in multiple myeloma:results from a population-based study. Haematologica.

105(4), 1067–1073.

293. Tian, E., Zhan, F., Walker, R. et al. 2003. The role of the Wnt-signaling antagonist

DKK1 in the development of osteolytic lesions in multiple myeloma. N Engl J Med.

349, 2483–2494.

294. Ting, K., Brady, J., Hameed, A. et al. 2016. Clinical utility of C-terminal telopeptide

of type 1 collagen in multiple myeloma. British Journal of Haematology. 173(1),

82–88.

295. Ting, K., Hameed, A., Brady, J. et al. 2013. Bone biomarkers are useful in

monitoring myeloma bone disease and as early predictor for relapse disease in

multiple myeloma. Haematologica. 98, 334, abstract P798.

296. Torra, R., Blade, J., Cases, A. et al. 1995. Patients with multiple myeloma requiring

long-term dialysis: presenting features, response to therapy, and outcome in a series

of 20 cases. Br J Haematol. 91(4), 854–859.

297. Tsuda, H., Yamasaki, H., Tsuji, T. et al. 2012. Therapy with lenalidomide plus

dexamethasone-induced bone formation in a patient with refractory multiple

myeloma. Int J Hematol. 95, 706–710.

298. Turesson, I., Bjorkholm, M., Blimark, C. H. et al. 2018, April 20. Rapidly changing

myeloma epidemiology in the general population: Increased incidence, older

patients, and longer survival. Eur J haematol. 237–244.



105 

299. Turesson, I., Kovalchik, S. A., Pheiffer, R. M., Kristinsson, S. Y., Goldin, L. R.,

Drayson, M. T. et. al. 2014. Monoclonal gammopathy of undetermined significance

and risk of lymphoid and myeloid malignancies:728 cases followed up to 30 years

in Sweden. Blood. 123(3), 338–345.

300. Ulaner, G. A., Landgren, C. O. 2020. Current and potential applications

of positron emission tomography for multiple myeloma and plasma cell disorders.

Best Practice & Research Clinical Haematology. 33(1), 101148.

301. Vallet, S. et al. 2010. Activin A promotes multiple myeloma-induced osteolysis and

is a promising target for myeloma bone disease. Proc Natl Acad Sci Usa. 107,

5124–5129.

302. Vallet, S., Hoyle, N. R., Kyle, R. A. et al. 2018. A role for bone turnover markers

B- CrossLaps (CTX) and amino-terminal propeptide of type I collagen (PINP) as

potential indicators for disease progression from MGUS to multiple myeloma. Leuk

Lymphoma. 59, 2431–2438.

303. Van Rhee, F., Anaissie, E., Angtuaco, E. et al. 2010. Myeloma. In: Lichtman, M.

A., Kipps, T. J., Seligsohn, U., Kaushansky, K. et al. eds. Williams Hematology.

8th ed. New York: McGraw-Hill.

304. Vashikaran, S. D., Chubb, S. A. 2016. The use of biochemical markers of bone

turnover in the clinical management of primary and secondary osteoporosis.

Endocrine. 52, 222– 225.

305. Velez, R., Turesson, I., Landgren, O., Kristinsson, S. Y., Cuzick, J. 2016. Incidence

of multiple myeloma in Great Britain, Sweden, and Malmo, Sweden: the impact of

differences in case ascertainment on observed incidence trends. BMJ Open. 6(1),

e009584.

306. Vlot. M. C., den Heijer, M., de Jongh, R. T. et al. 2018. Clinical utility of bone

markers in various diseases. Bone. 114, 215–225.

307. Vogel, M. N., Weisel, K., Maksimovic, O. et al. 2009. Pathological fractures in

multiple myeloma undergoing bisphosphonate therapy: incidence and correlation

with course of disease. American Journal of Roentgenology. 193, 656–661.

308. Vu, T., Gonsalves, W., Kumar, S. et al. 2015. Characteristics of exceptional

responders to lenalidomide-based therapy in multiple myeloma. Blood cancer J.

5(10), e363.

309. Wada, S., Fukawa, T., Kamiya, S. 2009. Biochemical markers of bone turnover.

New aspect. Bone metabolic markers available in daily practice. Clin Calcium. 19,

1075–82.

310. Wahner, H. W., Kyle, R. A., Beabout, J. W. 1980. Scintigraphic evaluation

of the skeleton in multiple myeloma. Mayo Clin Proc. 55, 739–746.

311. Wajs, J., Sawicki, W. 2013. The morphology of myeloma cells changes with

progression of the disease. Wspolczesna Onkol. 17(3), 272–275.



106 

312. Walker, C. R., Brown, L. T., Jones-Jackson, L. B., de Blanche, L., Bartel, T. 2012.

Imaging of Multiple Myeloma and Related Plasma Cells Dyscrasias. The Journal

of Nuclear Medicine. 53(7), 1091–1101.

313. Walker, R., Barlogie, B., Haessler, J. et al. 2007. Magnetic resonance imaging in

multiple myeloma: diagnostic and clinical implications. J Clin Oncol. 25,

1121–1128.

314. Walker, R. E., Eustace, S. J. 2001. Whole-body magnetic resonance imaging:

techniques, clinical indications, and future applications. Semin Musculoskelet

Radiol. 5, 5–19.

315. Walsh, M. C. and Choi, Y. 2014. Biology of the RANKL-RANK-OPG System in

Immunity, Bone, and Beyond. Frontiers in Immunology. 5, 511.

316. Weide, R., Koppler, H., Antras, L. et al. 2010. Renal toxicity in patients with

multiple myeloma receiving zoledronic acid vs.ibandronate: a retrospective medical

records review. J Cancer Res Ther. 6, 31–35.

317. Wheater, G., Elshahaly, M., Tuck, S. et al. 2013. The clinical utility of bone marker

measurements in osteoporosis. J. Transl. Med. 11, 201.

318. Wolf, M. B., Murray, F., Kilk, K. et al. 2014. Sensitivity of whole-body CT and

MRI versus projection radiography in the detection of osteolysis in patients with

monoclonal plasma cell disease. Eur J Radiol. 83, 1222–1230.

319. Woolfenden, J. M., Pitt, M. J., Durie, B. G. M., Moon, T. E. 1980. Comparison of

bone scintigraphy and radiology in multiple myeloma. Radiology. 134, 723–728.

320. Zaleckas, L., Stacevičius, M., Proškute, D., Povilaityte, J. 2015. Medication-related

osteonecrosis of the jaws. The first reported cases in the Baltic States and a literature

review. Stomatologija. Baltic Dent Maxillofac J. 17, 89–96.

321. Zamagni, .E, Tacchetti, P., Cavo, M. 2019. Imaging in multiple myeloma: How?

When? Blood. 133(7), 644–651.

322. Zamagni, E., Cavo, M. 2012. The role of imaging techniques in the management of

multiple myeloma. Br J Haematol. 159, 499–513.

323. Zamagni, E., Cavo, M., Fakhri, B., Vij, R., Roodman, D. 2018, May. Bones in

Multiple Myeloma: Imaging and Therapy. Am Soc Clin Oncol Educ Book. 23,(38),

638–646.

324. Zamagni, E., Nanni, C., Gay, F. et al. 2016. 18-F FDG PET/CT focal, but not

osteolytic, lesions predict the progression of smoldering myeloma to active disease.

Leukemia. 30, 417–422.

325. Zamagni, E., Nanni, C., Mancuso, K. et al. 2015. PET/CT improves the definition

of complete response and allows to detect otherwise unidentifiable skeletal

progression in multiple myeloma. Clin Cancer Res. 21, 4384–4390.



107 

326. Zamagni, E., Nanni, C., Patriarca, F. et al. 2007. A prospective comparison of 18F-

fluorodeoxyglucose positron emission tomography-computed tomography,

magnetic resonance imaging and whole-body planar radiographs in the assessment

of bone disease in newly diagnosed multiple myeloma. Haematologica. 92, 50–55.

327. Zangari, M., Yaccoby, S., Pappas, L. et al. 2011. A prospective evaluation

of the biochemical, metabolic, hormone and structural bone changes associated

with bortezomib response in multiple myeloma patients. Haematologica. 96(2),

333–336.

328. Луговская, С. A., Морозова, В. Т., Почтарь, М. Е. 2016. Лабораторная

гематология. Москва. 74–77.

329. Луговская, С. А., Козинец, Г. И. 2010. Гематология пожилого возраста.

Москва. 166–167.

330. Луговская, С. А., Почтарь, М. Е. 2016. Гематологический атлас. Москва.

236–241.

331. Луговская, С. А., Почтарь, М. Е. 2018. Морфология клеток костного мозга в

норме и патологии. Москва. 129–231.




